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Title of research activity: Towards a genetically-engineered vaccine 
against porcine transmissible gastroenteritis virus (TGEV) 

Head(s) of project: Dr. G.D. Baird and Dr. D.J. Garwes 

Scientific staff: Dr. D.J. Garwes, Dr. P. Britton, Mr. G.C. Millson, 
Dr. L. Bountiff, Mr. K. Page, Miss F. Stewart, Miss J. Walmsley 

I. Other research group(s) collaborating actively on this project: Nil 

II. General objectives of the project: 

a) To identify and characterise the antigenic sites on the TGEV 
structural proteins involved in antibody-induced neutralisation. 

b) To construct recombinant DNA molecules encoding the sequences for the 
viral proteins. 

c) To achieve expression of this genetic information in order to 
stimulate a protective immune response in the pig. 
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III. Summary of the main results achieved during the period: 

1. METHODOLOGY 

a) TGEV strain FS772/70 was grown, assayed and maintained in secondary 
adult pig thyroid cell cultures. Procedures were developed to produce the 
virus and its products in large quantities with roller cultures. 

TGEV messenger RNA (mRNA) was synthesi sed in infected, acti nomyci n
treated cultures (LLC-PKI continuous pig kidney cells, American Type 
Culture Collection) and isolated by guanidinium thiocyanate density 
gradient centrifugation. The individual species were separated by agarose 
ge 1 e 1 ectrophoresi s and by sucrose gradi ent centri fugat i on and translated 
in a cell-free reticulocyte lysate in the presence or absence of dog 
pancreatic microsomes. The products were analysed by polyacrylamide gel 
electrophoresis before and after immune precipitation with polyclonal 
antisera to TGEV. 

b) TGEV compl ementary DNA (cDNA) was prepared with AMV reverse 
transcriptase from either mixed mRNA or mRNA species separated by sucrose 
gradient centrifugation. Initially, cDNA synthesis was performed using the 
classical 51 nuclease procedure after priming with oligo(dT). Double 
stranded cDNA was dC-tailed and inserted into dG-tailed plasmid pATl53. 
Thi s was found to be unsati sfactory, produci ng short inserts onl y. A 
second method was developed, in which a dT-tailed derivative of plasmid 
pUC9 was used as a primer vector. cDNA was generated using the Okayama and 
Berg (1982) system. A third method employed a modification of the Gubler 
and Hoffman (1983) procedure in which restriction fragments of TGEV cDNA 
were used as primers. 

Recombinant plasmids were transformed into a variety of E.coli strains 
and those containing TGEV-derived cDNA were identified by colony 
hybridisation using [32PJ-labelled TGEV mRNA. 

c) TGEV cDNA, shown to contain sequences from viral genes, was subcloned 
into the 3' end of the ~ Z gene of B-galactosidase-expressing vectors 
pUR290, pUR291 and pUR292 designed by Ruther and Muller-Hill (1983). These 
plasmids contain the complete ~ Z gene with a polylinker in each of the 
three reading frames with unique restriction sites prior to the stop codons 
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at the 3' end. Cloning of a contiguous reading frame into the correct 
vector resul ts in the producti on of a B-ga 1 actosi dase chi maeri c protei n 
with the extension on the carboxylic terminus of B-galactosidase. The 
resulting plasmids were transformed into E.coli strain JM101, to allow the 
induction of the chimaeric protein with isopropyl-B-D-thiogalactoside 
(IPTG). Positive transformants were grown in the absence and presence of 
IPTG and the proteins produced were analysed by SDS polyacrylamide gel 
electrophoresis using 8% gels. The chimaeric proteins were purified from 
bacterial extracts of freshly grown cells, grown in the presence of 1mM 
IPTG for three hours, by affinity chromatography on B-aminophenyl-B-D
thiogalactopyranoside-agarose. The purified chimaeric proteins were 
inoculated into mice and the resulting antibodies were then used to immune 
preci pitate [35s]-methi oni ne-l abe 11 ed TGEV protei ns to i dent ify the gene 
product of the cDNA cloned into the expression vectors. 

d) Vi ral cDNA was subcloned into M13 vectors usi ng either the shotgun 
method or with specific restriction fragments and sequenced using the 
dideoxy chain termination method of Sanger. [a_35S]dATP was used to label 
the reaction products which were analysed on buffer gradient gels. A sonic 
digitiser was used to read data from the autoradiographs into a BBC 
microcomputer and the data subsequently analysed on a VAX 11/750 
minicomputer using the programs of Staden. 

e) Balb/c mice were immunised with purified preparations of TGEV in 
Freund's adjuvant by the intraperitoneal route. Three weeks after the 
second inject ion, the mi ce were boosted wi th adjuvant-free vi rus 
intraperitoneally and three days later their spleens were removed. 
Following fusion of the spleen cells with P3-NS1-Ag4-1 mouse myeloma cells 
in the presence of polyethylene glycol, the resulting hybridomas were 
screened for anti -TGEV activity by immunofl uorescence, radi oimmune assay 
and virus neutralisation tests. Selected hybridomas were cloned by 
terminal dilution in soft agar and antibodies were produced as ascitic 
fluid. The polypeptide specificity of each antibody was determined by 
immune precipitation, involving polyacrylamide gel electrophoresis of 
[35S]-methionine-labelled intracellular viral polypeptides precipitated by 
the antibody, and by detection of antibody adsorbed to viral polypeptides 
transferred from SDS-polyacrylamide gels to nitrocellulose sheets (Western 
blotting). 
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The immunoglobulin isotype was determined by gel diffusion against 
commercially available specific antisera. 

To determine the number of epitopes on the viral proteins, the 
monoclonal antibodies were purified from ascites by hydroxylapatite 
chromatography. The immunoglobulin was either labelled directly with 
125Iodine or was biotinylated and subsequently used in conjunction with 
[125 I]-labelled streptavidin. Competition assays were based on the 
interference in bi ndi ng of 1 abe 11 ed antibody in the presence of excess 
homologous or heterologous monoclonal antibodies. 

2. RESULTS 

a) In addition to full length genomic RNA, approximately 25 kilobases 
(vRNA) , four smaller bands of RNA were routine ly detected after 
electrophoresis corresponding in size to 11.2 (A), 3.9 (B), 2.6 (O) and 1.7 
(E) kilobases. In addition, two other bands were seen, of 3.0 (C) and 0.7 
(F) kilobases, but their low concentration suggested that they represented 
breakdown products of the viral RNA (Fig. 1). 

In vitro translation of the mixed RNA species produced several 
polypeptides including the viral nucleoprotein (mol. wt. 45 000) and the 

Fig. 1. TGEV RNA species separated 
by agarose gel electrophoresis 
before (track 1) and after (track 2) 
denaturation with glyoxal. 
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non-glycosylated form of the integral membrane polypeptide (mol. wt. 
28 OOO). Addition of dog pancreatic microsomes resulted in glycosylation 
of the transl at i on products, reveal i ng the processed form of integral 
membrane polypeptide (mol. wt. 31000, Fig. 2). Longer exposure during 
autoradiography showed small amounts of polypeptides of mol. wt. 168 000 

and 200 000 in the absence and presence of dog microsomes respectively. 
These are believed to represent forms of the peplomer polypeptide. 
Translation of isolated RNA species showed that the viral nucleoprotein was 
encoded by mRNA E and the membrane polypeptide by mRNA D. The only mRNA of 
sufficient length to encode the peplomer is A although in vitro translation 
is inefficient, probably due to the size and glycosylation requirements of 
the molecule. 

b} The ori gi n of the TGEV cDNA was i dent ifi ed by Northern b 1 ott i ng. 
[35S]-labelled recombinant plasmids were hybridised to TGEV mRNA that had 
been glyoxylated, separated by agaroseelectrophoresis and bound to 
Bio-dyne membranes. Binding of a recombinant plasmid to all species of 
viral mRNA indicated that the cDNA originated from mRNA E while that 
binding to mRNA A must have been derived from the 5' stretch of the largest 
messenger. Thi s procedure i ndi cated that the cDNA sequences produced 
during the reporting period originated from several areas of the viral RNA 

... ~ .. 45000 

2 3 4 5 6 

Fig. 2. In vitro translation 
products of TGEV RNA, before (Tracks 
1-3) and after (Tracks 4-6) iJlll1une 
precipitation with TGEV antiserum. 

Tracks 1 and 4: No viral RNA. 
Tracks 2 and 5: viral RNA, no 
pancreatic microsomes. 
Tracks 3 and 6: viral RNA, plus 
pancreatic microsomes 
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but principally from mRNA species A and E. Restriction endonuclease 
mapping and size fractionation data suggest that we have cloned mRNA E, 
encoding the nucleoprotein, mRNA D, encoding the integral membrane protein, 
and approximately 50% of the peplomer gene distributed over several 
plasmids. 

c) Two di fferent TGEV cDNA-contai ni ng plasmids have so far been 
investigated. One of the plasmids contained a 1.5Kb insert which 
hybridised to all the TGEV mRNA species and was shown to contain a poly(A) 
tract by both DNA sequencing and hybridization to[32p]-labelled oligo dT. 
This indicated that the origin of the cDNA was at the extreme 3', or poly 
(A), end of the viral genome and that it was derived from mRNA species E 
and hence should contain the viral nucleoprotein gene. The other plasmid 
contained a 1.6Kb insert which did not hybridize to [32P]-labelled oligo dT 
but only to mRNA species A and the viral genomic RNA, indicating the origin 
of the cDNA was from mRNA A so possibly containing part of the viral 
peplomar gene. 

A 1.37Kb HindIII fragment was subcloned from a TGEV cDNA, which had 
been shown by northern blotting to react to all TGEV mRNA species and to 
contain a poly (A) tract, into the pUR series of exression plasmids. A 
derivative of pUR290, shown to contain this TGEV cDNA HindIII fragment, was 
found to express a protein of mol. wt. 153 000 upon induction with IPTG. 
The increase in size of a-galactosidase indicated that the TGEV moiety of 
the chimaeric protein was 37 000 in size. The chimaeric protein was 
purified and used to raise antibodies in mice. The antibodies were shown 
to immune precipitate only the viral nucleoprotein, identifying the origin 
of the HindIII fragment within the nucleoprotein gene (Fig. 3). A DNA 
fragment covering the junction between the lac Z gene and the TGEV cDNA was 
sequenced and shown to contain a contiguous reading frame from the lac Z 
gene into the TGEV cDNA. The TGEV cDNA sequence was i dent i ca 1 to that 
elucidated for the nucleoprotein gene. 

A 1.6Kb Pst1 fragment containing the cDNA, shown to hybridize only to 
mRNA species A, was subcloned into the pUR series of expression plasmids. 
A derivative of pUR290 shown to contain the TGEV cDNA was found to express 
a protein of mol. wt. 130 000 upon induction with IPTG. The junction 
between the lac Z gene and TGEV cDNA has been shown to contain a contiguous 
open reading frame and the chimaeric protein has been shown to react with 
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Fig. 3. Immune precipitation of 
TGEV polypeptides by antisera. 
Serial dilutions of normal mouse 
serum (Tracks 1-3), mouse 
anti-chimaeric protein serum (Tracks 
4-6) and mouse ant i - TGEV serum 
(Tracks 7-9). 

ant i bodi es rai sed agai nst TGEV protei ns. The chimaeric protei n has been 
purified and is presently being used to raise antibodies in mice. 

d) At present a 262 amino acid open reading frame has been identified in 
a 1Kb stretch of cDNA corresponding to mRNA species E. Sequencing studies 
are being continued to complete the sequence of the viral nucleoprotein 
gene. 

e) Twelve hybridomas have been cloned and characterised during the period 
of the report. Competition binding studies, immune precipitation and 
western blotting indicated that 9 of these are directed against the 
peplomer and constitute six distinct groups, each recognising a different 
epitope (Table 1). Although the preparations used were shown, by 
radioimmunoassay, to have similar anti-TGEV titres, antibodies from two of 
the groups (A and B) are capable of neutral ising virus infectivity with a 
high efficiency, two further groups (E and F) have a low efficiency of 
virus neutralisation while the two remaining groups are incapable of 
neutral ising the virus even at very high concentrations. The 
immunolglobulin classes represented to date include IgG1, IgG2a and IgM. 

In addition to the FS772/70 strain, used to prepare the monoclonal 
antibodies, two other British isolates of TGEV, separated in time of 
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TABLE 1. SUMMARY OF ANTI-PEPLOMER MONOCLONAL ANTIBODIES 

MAB ISOTYPE VNT GROUP COMPETITION DATA (**) 
(.) 3Cl BA4 5A5 7A6 186 7C6 9D2 6A6 6D4 

3Cl IgGl 4+ A 4+ 4+ 1+ 

BA4 IgG2a 4+ A 4+ 4+ - 1+ 

5A5 IgGl 3+ 8 4+ 4+ 

7A6 IgGl 3+ 8 2+ 4+ 4+ 2+ 2+ 1+ 

186 IgGl C 4+ 3+ 

7C6 IgGl C 1+ 4+ 4+ 2+ 

9D2 IgGl D 1+ 4+ 

6A6 Iglol 1+ E 4+ 1+ 

6D4 IgGl 2+ F 1+ 1+ 4+ 

• Log neutrallslng titre against TGEV strain FS772/70 

•• - : < 10% competition Inltlolly. negative by 1/1000 dilution 

1+ : 10-25% competition ot 1/1000 dilution 

2+ : 25-50" competition at 1/1000 dilution 

4+ : >75" competition at 1/1000 dilution 

TABLE 2. COMPARATIVE NEUTRAUSATION OF TGEV ISOLATES 
BY MONOCLONAL ANTIBODIES 

TGEV ISOLATE 
--------------------
FS772 216 TUC 

GRP MAB 1970 1968 1985 

A 3C1 5+ 5+ 5+ 
A 8A4 5+ 5+ 5+ 
B 5A5 3+ 
B 7A6 5+ 2+ 
C 1B6 4+ 
D 9D2 
F 6D4 2+ 2+ 
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isolation by 17 years, were tested in a virus neutralisation test (Table 
2). The results indicated that while there was considerable variation in 
the neutralisation capability of the monoclonal antibodies, one epitope, 
recognised by the group A antibodies, was conserved. 

3. DISCUSSION 

We have identified the mRNA molecules that carry the genes for the 
TGEV structural proteins and have used them as templates for cDNA 
transcripts. The difficulties that have been encountered in producing long 
transcripts from these molecules have been overcome to some extent by the 
copying protocol developed during the study and by selection of more 
suitable E.co1i strains, but much of the problem probably results from the 
secondary structure of the viral mRNA. Restriction endonuclease mapping 
suggests that approximately 50% of the peplomer gene has been cloned during 
the reporting period as well as the genes for the integral membrane protein 
and the nucleoprotein. 

The nucleoprotein gene has been expressed efficiently in E.coli as a 
chimaera with B-ga1 actosidase and has been shown to retai n much of its 
native antigenic structure. It thus provides a useful source of TGEV 
anti gen for vi rus di agnosti c tests, as an enzyme-l inked reagent for TGE 
antibody assays and as a viral protein for use in a programme aimed at 
understandi ng the mechani sms of anti gen processi ng and immune stimu1 ati on 
in virus infections of the gastrointestinal tract. 

Base sequence analysis of the nucleoprotein gene is consistent with 
the basic nature of the viral protein. Comparison of the primary structure 
of the TGEV nucleoprotein with that of two other coronaviruses, mouse 
hepatitis virus and avian infectious bronchitis virus, shows that although 
these three proteins share no antigenic determinants, they show some 
similarities in their computer-derived secondary structure; this may relate 
to their function. 

Preliminary data suggest that expression of the C-terminal end of the 
TGEV pep10mer gene as a chimaera with B-galactosidase in E.co1i results in 
a protein that can be recognised by TGEV antiserum. Whether or not 
immunologically important epitopes are being produced in this system 
remains to be determined but it is to be expected that glycosylation of the 
TGEV pep10mer would be important for the correct secondary structure to be 
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achi eved. For future work, it is intended to use eukaryot i c expressi on 
vectors in order to investigate the role of the N- and O-linked 
carbohydrate side chains in the definition of epitopes. 

The data from the monoclonal antibody studies indicate that there are 
several antigenic domains on the viral peplomer, so that we may be able to 
select the most suitable epitopes for expression in further studies. It 
may be, however, that these are not convnon to all strains of TGEV. The 
epitope recognised by our group A antibodies appears to have been conserved 
through 17 years in Britai nand it woul d be of interest to assess its 
prevalence in TGEV strains throughout the world. 

Whil e theoretical consi derat ions woul d suggest that the vi ral 
neutralising epitopes on the peplomer are likely to represent the 
protective, immunogenic antigens, the possibility that other antigenic 
sites on this and the other structural proteins may be involved in immunity 
cannot yet be discounted. We intend to test this experimentally when we 
have expression of the three proteins in a suitable vector and shall be 
able to define the genetic construction of vaccines to accommodate these 
findings. 
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V. Research lines which proved unsuccessful: 

The prograll1lle followed closely the lines that were laid down at its 

commencement, with the exception of the procedure for cDNA synthesis. As 

described above, the classical method for cDNA production, involving first 

strand synthesis, doubling back on a hairpin for second strand synthesis 
followed by digestion of the single-stranded region of the hairpin with Sl 

nuclease, resulted in inserts that were too short to be usable. Other 

methods adapted for use with TGEV proved to be more successful. 

VI. Unexpected developments, results not forseen or conclusions arising 

directly from the implementation of the project: 

Expression of TGEV genes as chimaeras at the carboxylic terminus of 

Lcol i a-gal actosi dase has resul ted in the producti on of vi ral anti gens 

that may be used for diagnostic tests and in studies of the mechanisms of 

antigen processing and ill1llune stimulation in the gastrointestinal tract of 
the pig. 

VII. Industrial exploitation of results obtained during the period under 
contract: 

We have been associated with the Lilly Research Centre Ltd. during the 

period of the contract. The company conducted market research to assess 

the comercial potential of a diagnostic reagent recently but it is believed 

that the market is too small at the moment. We intend to continue our 

association with them in the anticipation of future cOll1llercial 

exploitation. 
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Title of research activity: 

Production of a foot-and-mouth disease vaccine by 
chemical synthesis. 

Head(s) of project: F. Brown 

Scientific staff: D.J. Rowlands 
M.J. Francis 
N.R. Parry 
LJ. Ouldridge 

I. Other research group(s) collaborating actively on this project: 

Richard Lerner 
Department of Molecular Biology 
Scripps Clinic and Research Foundation 
La Joll a 
California 
USA 

II. General objectives of the project: 

The objective of the project was to identify the amino acid 
sequences of the virus corresponding to the immunogenic site:(s), 
to synthesise the sequences by chemical methods and to present 
the peptides in a form which would elicit a protective immune 
response. 
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III. Summary of the main results obtained during the period under contract: 

The work has resulted in the following observations which are of 
considerable importance in furnishing a peptide which will be 
protective against foot-and-mouth disease: 

(1) the complexity of the immunogenic site; 

(2) the sequence within amino acids 141-160 which elicits 
neutralizing antibody, 

(3) the sequence which stimulates T cells. 

(1) The immunogenic sites of the virus were identified by two 
methods. 

(a) By compari ng the amino aci d sequences of the capsi d 
proteins of several isolates of the virus belonging to 
different serotypes, it was found that whereas most of 
the sequences were conserved, three tracts of ami no 
acids were highly variable on the assumption that 
antigenic variability would be determined by variation 
in ami no aci d sequence. The vari ab 1 e sequences were 
tested for their ability to elicit neutralizing 
antibody. It was found that two of the three variable 
regions viz 141-160 and 200-213 elicited significant 
levels of neutralizing antibody although by far the 
greatest activity was found in the 141-160 sequence. 
The third variable sequence, which is known to be 
internal, and the conserved regions of the virus did 
not elicit any neutralizing antibody. 

(b) Peptides corresponding to several regions of the 
capsid protein VPl were used to inhibit the reaction 
between the virus particle and neutra1ising monoclonal 
anti body. The important fact to emerge from thi s 
study was that a peptide comprising the sequences of 
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the two variable regions 141-160 and 200-213 was more 
active than either of the individual peptides in 
inhibiting the reaction. This result indicates that 
the immunogenic site of the virus is conformational. 
Peptides with constructions comprising both sequences 
are currently being tested for their ability to elicit 
neutralizing antibody. 

(2) By testing a nested set of peptides consisting of 
sequences 141-160, 142-160 etc, it has been shown that 
amino acids 143-146 are critical for the induction of 
neutral i zi ng anti bodies. The sequences 147-160, 148-160 
---151-160 do not elicit any neutralizing antibody. 
However, peptides 146-160,145-160,144-160 and 143-160 
evoke increasing amounts of neutralizing antibody. The 
increase in neutral i zi ng anti body by extendi ng the 
sequence beyond amino acid 143 is marginal. 

(3) The neutralization results described in Section 2 identify 
the amino terminal residues of 141-150 as being critical 
for neutralizing activity. The amphipathic nature of the 
151-160 sequence indicates that it may be a T-cell 
determi nant and we have now shown that a peptide 
corresponding to this sequence will elicit the 
proliferation of T-cells from mice immunized with peptide 
135-160. This observation is of critical importance in 
the study of immune responses to peptides. 
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V. Research lines which proved to be unsuccessful: 

None 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

We have found that anti -pept i de sera prepared by i njecti ng 141-160 
peptide of serotype 0 virus are more cross reactive than the 
corresponding anti-virus particle antibody. These results indicate 
that the protection afforded by the peptide would be directed against 
a wider range of field isolates than that elicited by the conventional 
vaccinaes. The implications of this observation in vaccination 
agai nst foot-and-mouth di sease are potenti ally great because of the 
problem of antigenic variation within serotypes. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects): 

It is expected that a peptide vaccine would have considerable 
advantages over the conventional vaccine because of its greater 
reproducibility, stability and ease of transport. 
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Title of research activity: 
Production of a novel vaccine against infectious bronchitis virus (IBV) 
by the use of genetic engineering techniques 

Head(s) of project: 

Dr. T.D.K.Brown 

Scientific staff: 
Dr. M.M. Binns 
Dr. M.E.G. Boursnell 
Dr. D. Cavanagh 
Dr. F.M. Tomley 
I. Other research group(s) collaborating actively on this project: 

Dr. G.L. Smith, 
Virology Division, 
Department of Pathology, 
University of Cambridge, 
Cambridge, CB2 lQP, U.K. 

Dr. D.J.C. Pappin, 
Department of Biochemistry, 
University of Leeds, 
Leeds LS2 9JT, U.K. 

II. General objectives of the project: 

The longterm goal of our research is the development of novel 'live' 
vaccines against the economically important diseases of the chicken 
caused by IBV infection. Our approach is based on immunisation by 
immunogen(s) expressed from cDNA(s) inserted into a fowlpoxvirus 
vector which can replicate in the chicken. The specific objectives 
of the project were to clone and sequence the genes coding for IBV 
immunogens, to insert them into an expression vector and study their 
expression. 
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III. Summary of the main results obtained during the period under contract: 

METHODOLOGY 

Cloning of IBV cDNAs. IBV was grown in the allantoic cavities of 
embryonated chicken eggs. Virus particles were purified by isopycnic 
centrifugation on sucrose gradients and the genomic RNA purified using 
proteinase K digestion and phenol/chloroform extraction. Reverse 
transcription was primed either with synthetic oligonucieotides 
complementary to genomic RNA sequences. or with a mixture of 
oligonucleotides obtained by DNase I digestion of calf thymus DNA. The 
second strand was synthesised using RNase H and DNA polymerase I. The cDNA 
preparations were homopolymer tailed with dC, size-fractionated on 
Sepharose CL-4B, annealed with dG-tailed, Pst I-digested pBR 322 and 
transformed into E. coli LE392. Tetracycline resistant clones containing 
viral inserts were 32 identified using colony hybridisation with 
polynucleotide kinase P-1abe11ed alkali-fragmented IBV genomic RNA. The 
relationships between cloned sequences were established by restriction 
mapping, Southern blotting and ultimately DNA sequencing. Their 
relationships to viral RNAs were confirmed using Northern blotting. 

Sequencing of CDNA clones. Shotgun DNA sequencing was carried out on 
M13 subc10nes ~5 viral inserts using the dideoxy chain termination method 
of Sanger. [a. S]dATP was used to label the reaction products and these 
were analysed on buffer gradient gels. A sonic digitiser was used to read 
data into a BBC microcomputer and the data subsequently analysed on a VAX 
11/150 minicomputer using the programs of Staden. 

Primer extension. 5' 32p_1abelled oligonucleotides complementary to 
sequences close to the 5' terminus of the body of mRNA A and to the 5' 
terminus of the genomic RNA were extended by reverse transcription of 
total cytoplasmic RNA from IBV-infected chick kidney cells and IBV genomic 
RNA respectively. The extension products were purified on denaturing 
polyacrylamide gels, extracted from the gels and sequenced using the 
chemical degradation method of Maxam and Gilbert. 

N-terminal sequencing. Radiolabelled viral polypeptides were purified 
by SDS-PAGE and electrolution. They were coupled to p-phenYlene-di
isothiocyanate glass and the glass-coupled peptide sequenced by automated 
solid-phase Edman degradation. 

Preparation of vaccinia/spike recombinants. A restriction fragment 
containing the IBV Beaudette spike coding region and flanking sequences 
was cloned into the vaccinia insertion vector, pGS20. The orientation of 
the fragment in the recombinant was checked by HindIII digestion and a 
recombinant pSB1 selected. The spike sequence was introduced into 
vaccinia strain WR using in vivo homologous recombination between the 
vaccinia TK sequences and the homologous TK sequences present in pSB1. 
pSB 1 DNA was transfected into vaccinia WR-infected monolayers of 
near-confluent African green monkey kidney cells (CV-l cells) using the 
calcium phosphate precipitation method. TK- virus plaques were selected 
in the presence of BUdR and the presence of the IBV spike sequence 
confirmed in plaque-purified virus by dot-blotting with a spike 
hybridisation probe. 
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RESULTS 

cDNA cloning. IBV-infected cells contain a series of viral RNAs (A-F), 
F being identical to the genomic RNA extracted from virions. The sequence 
organisation of these RNAs is shown in Fig. 1. In view of the 
3'-coterminal nature of the RNAs our cDNA cloning efforts were 
concentrated on the genomic RNA which could readily be obtained in high 
yield from purified virions. 

FIG. 1. Sequence organisation of IBV F!NAs. 
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cDNA cloning of the 27 kb genomic RNA of IBV strain Beaudette has been 
completed. A number of approaches were used to achieve this. Initially 
3.3 kb of cloned cDNA extending from the 3' terminal viral poly(A) tract 
was obtained using oligo(dT) priming. Sequence data from close to the 5' 
end of ~he cloned viral sequence were used to identify a suitable 
complementary oligonucleotide primer. An 8 kb extension of the cloned 
sequence was obtained using this primer. At this point the cloned region 
contained all the IBV virion polypeptide coding regions. Of particular 
importance was the isolation of a 5.3 kb cloned cDNA which was found to 
encode. the complete sequence of the spike precursor polypeptide. 

cDNAs containing sequences from the 5' "unique" region of RNA F were 
obtained using a combination of two approaches: 

1) random priming with calf thymus DNA oligonucleotides, 

2) specific priming with synthetic oligonucleotides. 
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Randomly primed cDNAs were cloned and colonies containing large viral 
inserts identified using colony hybridisation with a viral probe. The 
clones containing large viral inserts were then screened for sequence 
overlap with the existing 11 kb continuous sequence extending from the 
viral 3' terminus. The relationships between clones identified as 
containing RNA F "unique" region sequences were then established by cross 
hybridisation. These cloned cDNAs were sequenced and three synthetic 
oligonucleotides were used to synthesise cDNAs bridging gaps in the F 
sequence. A 5' terminal cloned cDNA was also identified by hybridisation 
with a leader-specific oligonucleotide probe (see below). The complete 27 
kb IBV genome was spanned by 19 overlapping cloned cDNAs. 

cDNA cloning of spike precursor polypeptide coding regions was carried 
out for two further strains: M41 - a Massachusetts-type pathogenic strain 
and 6/82 - a recently isolated Dutch-type strain. M41 spike cDNA was 
synthesised using a synthetic oligonucleotide complementary to a sequence 
3'-wards of the spike coding region of IBV Beaudette. This oligonucleotide 
failed to prime cDNA synthesis on 6/82 genomic RNA. Cloned cDNAs 
containing the 6/82 spike coding region were therefore identified in a 
randomly primed IBV 6/82 cDNA library by cross hybridisation with cloned 
IBV Beaudette spike sequences. 

Sequencing of cloned cDNAs. The sequence of the genomic RNA of IBV 
Beaudette is now almost completed. The putative ORFs for the viral 
structural polypeptides which are encoded by mRNAs A (nucleocapsid), C 
(membrane) and E (spike) have been identified within the sequence. The 
amino termini of the spike polypeptides and the membrane polypeptide have 
been confirmed by N-terminal amino acid sequencing. The N-terminus of the 
nucleo~apsid polypeptide was found to be blocked. 

In the context of efforts to develop improved vaccines against IBV 
infection the cloning and sequencing of the spike coding region is of 
particular interest as it is likely that it is the spike glycoprotein 
which is involved in eliciting protective immune responses. Our IBV 
Beaudette sequencing data identify an ORF of 3486 bases and predict the 
amino acid sequence of a primary translation product of M 127006. Spike 
precursor synthesis is initiated at the 5'-proximal AUG of~RNA E. The ORF 
is followed by two UGA termination codons. The mature spike protein 
contains two polypeptides S1 and S2 derived by proteolytic cleavage from a 
precursor. Partial amino acid analysis of the amino terminus of S 1 was 
used to identify the location of its N-terminal amino acids within the 
predicted sequence of the primary translation product. The amino acid 
sequence data indicated that an 18 amino acid signal sequence is cleaved 
from the primary translation product and that S1 is derived from the 
N-terminal half of the spike precursor. Two other structural features of 
the spike precursor protein were revealed by analysis of the predicted 
amino acid sequence. Firstly, the sequence contains 28 potential sites 
for N-glycosylation; this is consistent with the observed high levels of 
glycosylation of the spike polypeptides. Secondly, there is a hydrophobic 
region which contains 44 non-polar amino acids preceding charged amino 
acids at the carboxy terminus of S2; this region may anchor the spike 
protein to the viral envelope. N-terminal sequencing of the S2 
polypeptide has established the S1/S2 cleavage site in the spike 
precursor. The sequence Arg-Arg-Phe-Arg-Arg is present immediately to the 
N-terminal side of the cleavage site. This sequence is similar to that of 
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the cleavage sites of glycoproteins of several other enveloped viruses. 
It may be cleaved by a trypsin-like activity. 

The spike glycoprotein precursor ORFs have also been identified for 
both H41 and 6/82. Their sequences were closely related to that of 
Beaudette; the divergence between Beaudette and 6/82 was greater than that 
between Beaudette and H41. The differences were concentrated in S1; this 
is, perhaps, not surprising in view of the location of S1 within the spike 
structure and the presence on S1 of epitopes involved in in vitro virus 
neutralisation. Significant differences were also observed between the 
predicted carboxy termini of the Beaudette and H41 S2 polypeptides. 

Sequencing of the 5' "unique" region of mRNA C revealed the presence of 
a 225 amino acid ORF which predicts a primary translation product of 
approximate H 25400. Partial N-terminal sequencing of radiolabelled H has 
confirmed thl choice of ORF and also demonstrated that the N-terminal 
methionine residue is not present in H isolated from virions. Features of 
the predicted amino acid s.equence of the membrane polypeptide are in good 
agreement with data on glycosylation and the accessibility of virion H to 
proteases. The amino acid sequences of the membrane proteins of IBV and 
HHV show considerable homology particularly in the N-terminal 
membrane-spanning half of the molecule. 

The mRNA A sequences from both IBV Beaudet te and H41 contain a single 
long open reading frame of 1227 bases which predicts nucleocapsid 

~~!i~~t~~~ Hf::y o:i:fi;~x!~~e~~1~5'20300~J:~ ~~~~~g d~~i~~~~:s a~o; ::~y t~~ 
the differences being of a conservative nature. The amino acid 
compositions are consistent with the role of a nucleocapsid protein. 

The 5' "unique" regions of RNAs Band D have been sequenced and a 
series of small ORFs identified in each. It is likely that at least some 
of these ORFs code for viral non-structural polypeptides which may be 
invol ved in viral replication. It has not, however, been possible to 
detect these polypeptides in infected cells. 

The 5' "unique" region of mRNA F is extremely large (approximately 19 
kb). The infectious nature of IBV genomic/RNA F implies that it must be 
translated to given an RNA-dependent RNA polymerase. Sequence data 
suggest that the "unique" region may contain a single, gigantic ORF. It is 
likely that the primary translation product is a polyprotein which is 
cleaved by either cellular proteases or autocatalytically. 

Identification of sequences involved in IBV RNA synthesis. We ·have 
identified two types of sequence element which are likely to be involved 
in IBV RNA synthesis. A non-contiguous leader sequence has been 
identified and determined at the 5' terminus of IBV mRNA A by both primer 
extension and cDNA cloning. This leader sequence is derived from the 5' 
terminus of the genomic RNA. Its presence at the 5' terminus of this RNA 
was initially demonstrated by primer extension and subsequently by cloning 
and sequencing (Fig. 2). The presence of leaders on other IBV RNAs was 
confirmed by probing Northern blots of cytoplasmic RNA with a leader 
specific oligonucleotide probe. 



FIG.2. IBV leader sequences and regions of homology. 

(I) leader sequences 

a) M41 mRNA A leader 

ACTTAAGATAGATATTAATATATATCTATCACACTAGCCTTGCGCTAGATTTCCAACTTAACAA 
10 20 30 40 50 60 

b) M41 and Beaudette 5' terminus of genomic RNA 

T TT 
ACTTAAGATAGATATTAATATATATCTATCACACTAGCCTTGCGCTAGATTTCCAACTTAACAAAACGGA 

10 20 30 40 50 60 70 

CTTAAATACCTACAGCTGGTCCTCATAGGTGTTCCATTGCAGTGCACTTTAGTGCCCTGGATGGCACCTG 
80 90 100 110 120 130 140 

GCCACCTGTCAGGTTTTTGTTATTAAAATCTTATTGTTGCTGGTATCACTGCTTGTTTTGCCGTGTCTCA 
150 160 170 180 190 200 210 

T G T 
CTTTATACATCCGTTGCTTGGGCTACCTAGTATCCAGCGTCCTACGGGCGCCGTGGCTGGTTCG 

220 230 240 250 260 270 

(ii) regions of homology 

5' GCUAGAUUUCCAA AACGGAGUUAAAUACC 3' GENOHE IBV BEAUDETTE 

GUUAAUUUGAAAA AAGACAGACUUAGUCU mRNA E 

AACGAUGUGGUA ACAGACCUAAAAAGU mRNA D 

AUAUGGUAGAAA CCGGAAUUAGAAGCA mRNA C 

AAGAGGUGUUUU AACUUAACAAAUACG mRNA B 

UUGUGUUUACUU GCAGGACAAGCAGAG mRNA A 
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The second type of sequence element identified is a region of homology 
identified at positions in the genomic sequence corresponding to the sites 
of fusion of leader sequences to the bodies of the subgenomic RNAs. These 
regions were initially identified by S1 mapping of the 5' termini of the 
non-leader sequences of mRNAs A & B onto cloned genomiC RNA sequences. 
Subsequent regions of homology were identified in the genomic sequence by 
mRNA length measurements, primer extension and inspection of ORFs in the 
genomic sequence. Homology regions were identified at leader/non-leader 
functions for all IBV RNAs including the genomic RNA (Fig. 2). 

Expression of the IBV spike glycoprotein gene. Work is currently in 
progress on the development of a fowlpoxvirus vector system capable of 
expressing the IBV spike while replicating in the chicken i.e. 
development of a prototype, novel, live IBV vaccine. The feasibility of 
spike expression in poxvirus recombinants has been established using 
vaccinia as a model system. 

Vaccinia recombinants containing IBV Beaudette spike glycoprotein 
coding region cDNA were constructed. The IBV spike gene was cloned into a 
vector, pGS20, designed to facilitate insertion of foreign sequences into 
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the vaccinia genome and recombinants obtained by in vivo homologous 
recombination between the pGS20/spike construct and vaccinia strain WR. 
The IBV spike sequence was thus inserted into the vaccinia TK gene under 
the control of the 7. 5K vaccinia promoter. The synthesis of IBV spike 
glycoproteins in CV-1 cells infected with the vaccinia recombinant was 
studied. Immunoprecipitation experiments with anti-spike antisera 
demonstrated that specific synthesis of polypeptides with mobilities on 
SDS/PAGE very similar to those observed for the S 1 and S2 polypeptides 
extracted from IBV Beaudette virions. These observations suggest that the 
spike gene can be expressed efficiently and that proteolytic processing 
and glycosylation are occurring in ways similar to those observed in 
IBV-infected chick cells. Immunofluorescence studies have demonstrated 
that spike expressed in vaccinia recombinant-infected CV-1 cells is 
transported to the cell surface. The combination of effective processing 
and cell surface localisation suggests that the spike gene will be 
presented to the immune system in an appropriate way. 

DISCUSSION 

Disease control is of paramount importance in intensive poultry 
husbandry. Disease control measures must be seen in the context of very 
large number of birds and their low individual value. The use of 
preventi ve methods, in particular vaccines, has proved to be a highly 
cost-effective approach. Conventional vaccines, predominantly of the 
'live', attenuated type, have been generally rather effective. Low costs 
of vaccine production and administration are of particular importance in 
the broiler sector of the poultry industry, but these cost factors are 
also important in other sectors where profit margins are also very low. 

Existing IBV vaccines have certain residual problems which cannot 
readily be tackled using conventional approaches e.g. the duration of 
protective immunity and the lack of full cross-protection between 
strains. We are attempting to develop a novel attenuated IBV vaccine 
which will address these problems and also offer the possibility of 
immunisation against a range of viral pathogens without problems of 
interference, while being cheap to produce and administer. 

The use of a fowl poxvirus vector system should allow us to achieve 
these aims. Fowlpoxvirus can elicit a range of immune responses. Strong 
humoral and cell-mediated responses are evoked. Oral administration can 
result in the induction of secretory immune responses in the respiratory 
tract. The potential for obtaining protective secretory immune responses 
in the respiratory tract is of particular importance in the design of a 
novel attenuated IBV vaccine. Oral administration is also attractive in 
terms of cost and ease of administration. 

The ability to dissociate IBV immunogen expression from fowl poxvirus 
replication should enable us to obtain efficient protection with minimal 
pathological side-effects. The extremely large genome of fowl poxvirus 
should also permit the introduction of a range of 'foreign' immunogen 
genes. The problem of inadequate IBV strain cross-protectio'n can be 
addressed by the introduction of a number of different IBV spike coding 
regions. Other viral immunogens such as those of Newcastle disease virus 
(NDV) or infectious bursal disease virus (IBDV) could also be introduced 
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to produce a truly multivalent vaccine. 

The specificity of fowl poxvirus for avian species and the existence of 
licensed attenuated fowl poxvirus vaccines in both Europe and the U.S. 
should help to ensure regulatory approval for novel vaccines based on 
fowl poxvirus vectors. 

During the cours~ of the BEP contract development work on such a 
vaccine has made rapid progress. The spike coding regions of three IBV 
strains, Beaudette, M4l and 6/82 have been cloned and sequenced. Those of 
M41 and 6/82 will be components of the prototype vaccine. The observation 
that the IBV Beaudette spike is efficiently expressed and processed from a 
vaccinia recombinant is highly encouraging. 

The development of plasmid vectors facilitating insertion of 'foreign' 
immunogens into non-essential regions of the fowl poxvirus genome under the 
control of fowl poxvirus promoters and the use of in vivo homologous 
recombination to achieve insertion will permit the development of 
prototype IBV vaccinia. 

Within the framework of the IBV vaccine development project we have 
also carried out an extensive analysis of the sequence organisation of IBV 
Beaudette genomic RNA. The cloning and sequencing of cDNAs spanning the 
entire genome offers the possibility of constructing full-length cloned 
cDNAs, manipulating them and recovering infectious IBV from them. The 
identification of sequences likely to be involved in determining rates of 
IBV subgenomic RNA synthesis is highly relevant in this context. The work 
reported will undoubtedly make a contribution to more academic studies of 
IBV immunogens _and virus replication. Background work in these areas 
cannot fail to be useful in ongoing efforts to improve disease control in 
the agricultural industries. 
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V. Research lines which proved to be unsuccessful: 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects) : 

British Technology Group will fund the vaccine development project with 
up to £400,000 over 3 years. The prototype vaccine(s) will be completed 
and tested during this period. 
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II. General objectives of the project: 

99 Groeselenberg 
1180 Uccle - Belgium 

- Laboratory of Macromolecules at 
Interface, Faculty of Sciences 
University of Brussels - Campus 
Plaine - 10SO Bruxelles - Belgium 

The aim of the research project is to identify epitopes of envelope gly

coprotein gpSI involved in the biological activities of the virus, namely 

infectivity and induction of syncytia. Production and characterization of 

monoclonal antibodies lead to the conclusion that 3 different conforma

tional sites F, G and H were involved. 

Combining predictive methods of protein structure, the synthetic peptide 

approach and the limited hydrolysis of gpSI, we wanted to precisely iden

tify at least one crucial epitope. 

To satisfactorily mimick that epitope, a synthetic peptide must in the 

injected animal evoke neutralizing antibodies at high titer and induce 

protection against challenge. The neutralizing capacity of anti peptide 

antibody is assessed by neutralization of VSV(BLV) pseudotypes in vitro. 
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III. Summary of the main results obtained during the period under contract: 

Background. Study of the antigenic structure of bovine leukemia virus (BLV) 

envelope glycoprotein gpSI with monoclonal antibodies has allowed to define 

three crucial epitopes F, G and H directy involved in the infectivity of 

BLV. 

Reactivity of F, G and H epitopes in various conditions. 

F, G, H epitopes are localized on a weakly glycosylated fragment about 

15000 MW which is the NH2 half of gp51 (fig. I). 
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Legend From the predicted amino-acid sequence (tyrosine, cysteine and 
glycosylation site positions) and from the precipitability of the 
iodinated BPSI after urokinase or limited proteinase-K digestion, 
we show that the IS 000 mol. wt gp51 sub fragment containing F, G, 
H epitopes is the NH2-Half of the molecule. 
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- present antigenic variations according to the BLV isolate (Fig. 2) 
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Elisa test performed with BLV particles from 5 different origins: 
FLK/BLV : bovine leukemia virus grown in fetal lamb kidney cells; 
BL/BLV : BLV grown in bat lung cells. VdM 7290 and 7628 are two 
BLV isolates provided by Dr Martin Van der Maaten, Ames, Iowa 
(USA). MM herd is a BLV isolate provided by Dr Marc Mammerickx 
(Belgium). The height of the solid bars represent the extent of 
reactivity of monoclonal antibodies directed against sites A, B, 
e, D, E, F, G, H respectively. Mutations have abolished epitopes 
F in VdM 7628 and G in MM isolate. 

- have a three dimensional structure that depends upon glycosylation of 

the polypeptide backbone (Bruck et al., 1984, Virology, 136, 20-31); 

- are the only epitopes recognized by cattle (fig. 3) (Bruck et al., 1984, 

Leukemia Res. 8, 315-321); 

- are sensitive to heat denaturation in the presente of sodium dodecylsul

fate and mercaptoethanol (Analysis by Western blots - fig. 4). The same 

is true for epitope e; 

are poorly reactive after gp51 purification suggesting that F, G, Hadopt 

a three - dimensional structure to which the BLV membrane contributes. 

(fig. 5). Epitope e behaves similarly. 
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Legend Competition between bovine serum (tumor case n° 15) and 1251 
monoclonal antibodies. Only monoclonals directed against epitopes 
F, G and H are displaced by the bovine serum. Antibodies to site 
G are dominant in serum 15. 



338 

• 

aa b bcdd'efgh 

GPS1 

1 2 34 567 ..... P24 

Fig. 4 

Legend Western blot analysis. Channels indicated by letters represent 
the reactivity of BLV gpSI with the monoclonal antibodies speci
fic for epitopes A,A', B,B', C, D,D', E, F, G, H respectively. 
Channels 1-7 illustrate the data obtained with warious monoclo
nals raised against BLV p.24. 
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Fig. 5 

Legend Comparison of the reactivities of the different monoclonal anti
bodies towards different gpSl preparations. The 3 epitopes F, G, 
H are probably the only epitopes recognized on a non-degraded BLV 
virion. The same monoclonals are poorly reactive towards sem
purified gpSl. 
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The synthetic peptides approach 

The mean a helical hydrophobic moment <~H> and the mean hydrophobicity 

<HI> were calculated according to the procedure of Eisenberg et al. Then a 

segment of 11 aminoacids was moved through the protein sequence and the 

mean hydrophobicity and mean hydrophobic moment per segment were calculated. 

<~H> was plotted versus <HI> for all possible segments except those con

taining a proline residue, since this residue has a strong helix-breaking 

capacity. These two parameters were also plotted as a function of the mid

point of the amino acid segment along the sequence (fig. 6). 

To predict the protein secondary structure, algorithms developed by Tartar 

et al. were used (In preparation). The aminoacid sequences of 4 BLV va

riants were analysed according to this method (fig. 7). 

1.5 H 

-1. 

1. p 

B. 

Legend 

FLI( (e)nd, (p)rint 

Fig. 6 

Mean hydrophobicity <HI> and a helical hydrophobic moment <~H> 
profiles of BLV gp51. 
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TIS-2 

LB28S 

VdM 

FLK 

Fig. 7 - Aminoacid sequence of gpSI derived from the DNA sequence analysis 
of four BLV variants. 



342 

Appropriate peptides (12) were then chosen, synthesized and used to raise 

antibody in the rabbit after chemical coupling to a protein carrier 

(fig. 8). 

Detection of antibody against synthetic peptide was performed as described 

in the following flow-sheet. 

~ peptide + dilution of + protein A linked peroxydase + substrate 
~ antibodies 

Peptide 

Dilutions 

Controls 

or 

+ anti-Ig - peroxydase + substrate 

50 ng/IOO~l/well in PBS 

1/20; 1/60; 1/180; '" 

- rabbit antisera against other peptides 

- normal bovine or ovine sera. 

The reactivity of antipeptide sera against the uncoupled peptide in ELISA 

test and against two different gp51 preparations is also summarized in 

fig. 8. 

More detailed data bearing on this aspect are presented on fig. 9. In 

panel A, reactivity of antipeptide sera with purified gp51 as a function 

of dilution. In panel B, the data encountered with BLV virions as antigens. 

From the data obtained it appears that the classification of antipeptide 

antibody in a decreasing order of reactivity is polyclonal gp51 > anti 2 

> anti 3. Other antipeptide sera are much less reactive. With whole BLV 

virions as antigens, the order of reactivity became polyclonal anti gp51 

> anti 2 > anti 11-12. The drastic change in behavior of anti 3 and anti 

11-12 as a function of the antigen source called for testing of antipep

tide sera in the ELISA test. To test the biological activity of these 

antipeptide sera, neutralization of pseudot~es with a VSV genome and a 

BLV coat is performed in the presence of vafious amounts of the serum to 

be tested (fig. 8). 

Obviously, antibodies to peptides 11 and 12 show a remarkable capacity to 

inhibit pseudotypes. They point to these regions being of basic importance 
for BLV to be infectious. 
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A. Titration curves of rabbit antipeptide antisera in normalised ELISA, 
against purified gp51. 

2 3 LOG '/01 L 

_(0--_0) reference antigp51; (0---0) anti 2;(~---~) anti 3; (~) anti 1 
and 5; ('---') anti 11-12; (+---+) anti 6; 1, other antipeptides. 

B. Titration curves of rabbit antipeptide antisera in normalised ELISA, 
against purified whole BLV. 

00 

AG : BlY 

3 LOG YOll 

(0--_0) reference antigp51; (0---0) anti 2; (~---~) anti 3; (~) anti 
and 5; ('---') anti 11-12; (+---+) anti 6; 1, other antipeptides. 

Fig. 9 
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Fig. 10 summarizes the reactivity of a number of sera of BLV-infected 

animals towards chemically synthesized oligopeptides bound to the wall of 

a plastic well. 

Peptides are the same as in fig. 8. Among bovine sera tested 15, 385, 7290, 

82, 948, R2123, 4315, 67 were antibody + whilst 885, 81750 and 542 were 

controls. Ovine sera 394, 49, 50, 65, 67, 68, 69, 98, 38 were antibody +; 
control sera tested were numbered 235, 123, 124. 

In short, it appears that : 

- slight differences appear between rabbit sera 167 and 2670. Gp51 prepa

rations were different as well as the recipient animal; 

- reactivity of a rabbit serum obtained by inoculation of BLV virions gros

sly parallels that of sera from gp51 inoculated rabbits; 

- monoclonal antibodies never reacted with solid phase-bound oligopeptides; 

- some only of the bovine and ovine sera tested recognized oligopeptides. 

General conclusions 

This series of experiments indicate that the oligopeptide region 12 is 

most probably part of a crucial epitope of BLV gp51. Peptides derived from 

the amino acid region 12 ~ 10 amino acids might be good candidates to 

achieve immunoprotection against challenge by infectious BLV. 

Further experiments will include production of glycosylated gp51 in expres

sion vectors, in depth characterization of biologically important epitopes 

and vaccination trials. 
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IV. Publications issued during the period under contract: 

1. Publications 

One publication is in preparation 

"Use of the synthetic peptide approach in the study of BLV gpSl" 

2. Patents 

It is foreseen to take a patent if full or partial protection 

of animals can be achieved by administration of synthetic peptides. 

It is still too early to decide. 
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V. Research lines which proved to be unsuccessful: 

None. 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

Combination of the hydrophobicity profile and moment of helical 

hydrophobicity proved to be rewarding. Improvement of algorithms 

predictive of polypeptide configuration has been helped by what is 

learned on this glycoprotein. Results obtained are very promising. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects): 

The prospects of a possible vaccine are entertained. If the program 

could be pursued, we are confident that efficient application in the 

field is a reality. Rhone-Merieux and Smi~h-Kline - RIT have expres

sed special interest. 



BIOMOLECULAR ENGINEERING PROGRAMME 
Final Report 

Contractor: Contract no. : 

1. N. R. A. 
145-147, rue de l'Universite 
F - 75007 PARIS 

Head{s) of research team{s) : 

Dr. J. COHEN 
I. N. R. A. 
Station de recherches de Virologie et 
d'Immunologie 
Route de Thiverval 
F - 78850 THIVERVAL-GRIGNON 

Telephone number: (3) 056 45 45 

Telex number: 

Title of the research activity: 

GBI-2-080-F 

349 

Clonage moleculaire du rotavirus bovin : sequence du gene codant pour 
l'antigene de type; utilisation de DNA clone dans l'etude de l'homologie 
existant entre differents rotavirus ; expression du gene clone. 

Key words: 

Bovine rotavirus, molecular cloning, viral glycopeptide, eDNA probe. 

Reporting period: 
April 1984 - March 1986 



350 

Title of research activity: 

Molecular cloning of bovine rotavirus:sequence of the gene 
coding for the type antigene,utilisation of cDNA probe for comparison of 
field isolates;expression of the cloned gene. 

Head(s) of project: 

Dr J. Cohen 

Scientific staff: 

E. Balla (until Dec. 85); Dr M. Bremont; A. Charpilienne; D. 
Chabanne. 

I. Other research group(s) collaborating actively on this project: 

II. General objectives of the project: 

The goal of this project is to determine the primary structure 
of the gene 9 and the biochemical and antigenic characteristics of the 
protein for which it codes. 

The better knowledge of gene 9 product,the outside capsid 
protein,could help in understanding the relations between genomic 
variations and antigenic or pathogenic properties of various isolates of 
rotavirus. 

Simultaneously,it will be initiate studies on the expression of 
the cloned gene in prokariotic or eukariotic cell. 

In conjonction with studies on local immune response in young 
animal,this appraoch could lead to the development of a vaccine. 
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III. Summary of the main results obtained during the period under contract: 

1. METHODOLOGY: 
Most of our work has been carried out using standard gene 

technology methods such as northern hybridization, and sequence 
determinations according to Sanger's dideoxy nucleotide procedure. 
Obtention of the viral gene library have been already described (Cohen 
et al.Virology 138, 178-182, 1984) 

Dot blot method: To extract viral RNA directly from the feces 
0.2 g of feces diluted with 0.4 ml of 50mM EDTA, 1% SDS were treated 
with "Freon 113",then extracted with phenol. Nucleic acids are 
precipitated with 66% ethanol, resuspended in 0.6ml of water ,boiled 
for 5 minute ,quenched in ice, then mixed with 0.6 ml of 20xSSPE and 
filtrated onto "Biodyne" or "Schleicher and Schull Ba 85" membranes 
using a 96 wells filtration manifold. 

2. RESULTS 
Sequence of the gene coding for the type antigen : A clone 

containing the gene coding for the outer glycoprotein of RF rotavirus 
was isolated from a viral cDNA library using as probe a partial clone 
of the simian virus SA 11 gene 9. The dideoxy sequencing method 
revealed that this clone extends from nucleotide 1 to nucleotide 873. 
As the 3'end of the gene was absent in that clone,longer inserts were 
obtained using a slightly different strategy:cDNA transcription of the 
denatured genomic RNA was primed with a synthetic 23 -mere derived from 
the 5'end sequence data obtained from the short clone;then the DNA-RNA 
hybrid was inserted in the Pst 1 site of pBR322. One of the clones 
obtained by this procedure was shown to contain nucleotide 46 to 1062 
i.e. to the end of the gene. Comparison of the deduced amino acid 
sequence with the corresponding gene product of other rotavirus 
strains ,reveal a high degree of homology and confirm the existence of 
short highly variable regions. 

RF 
NCDV 
UK 
SA 
WA 

MYGIEYTTll IFlTSlTllN VMlKSITRIM DVllV 
I M 

QNVGVNlP IT 60 

1 
III F 1 1 
I 1 V T A FAl TR l 

GS"_C:-:-:-:-::-::-=-::-::~LTST lClVV YEAS NEIADTEWKD TlSQ l TK6 WPT6SV(E 120 

A T N HS 
TQ N GD S 

V DaVNHKlNVT 240 II. 
II. 

T DAT E A D 
QT Y S "I E Nil 

TATCTlRNCK KlGPRENYAY 

NQUQTM SKRSRSlNSS AFYYRY 326 fl. 
'11 

Y A 
Y Y A 

ITADPTTT g TERM"RINWK KWWQYFVTYY 300 

FIGURE l/Comparison of the predicted amino acid sequences of 
the outer glycoprotein of five strains of rotavirus.Stars correspond to 
potential glycosylation sites. Regions with high rate of substitution 
are boxed. 
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Detection of rotavirus by radioactive and non radioactive probe : 
Using eDNA clones of genes 5,6 and 9 ,we have developped a dot blot 
hybridization assay for detecting viral RNA in field samples. First 
extraction procedure was simplif~~d to allow diagnosis from a large 
number of samples,and 'standard P probes were prepared by nick 
translation of purified inserts. Several field isolates were 
comparatively tested by this method and by ELISA. Results indicated that 
the hybridization detection of viral RNA is 2 to 10 fold more sensitive 
than the immunological detection of viral antigen. Large scale diagnosis 
coul~2 be made possible only if non radioactive probes are substituated 
to P labelled probes. Therefore, the probes were also nick 
translated with biotynilated UTP;and the blocking step was modified in 
order not to prevent binding of conjugated streptoavidin to biotin. With 
these conditions the sensitivity ,for detection of purified nucleic 
acid,is similar to that obtained with radioactive probes. 

Expression plasmid construction and analysis : One of the initial 
goal of this study was to express in E. Coli the outer protein of the RF 
strain of rotavirus (gene 9) in order to evaluate the antigenic and 
immunogenic properties of its unglycosylated form. The cDNA insert 
containing all the open reading frame was excised with Pstl and treated 
with Bal 31 to remove the non coding regions. This DNA was ligated at 
the Sma I site of pKK2230. This expression vector contain the hybrid Tac 
promoter ,inducible by IPTG. About 700 recombinants have been screened 
for the size and the orientation of the insert. Out of these clones only 
21 corresponded to the correct construction as estimated by restricrion 
analysis. None of them lead to expression detectable either by immunodot 
,coomassie blue staining, western blot or immunoprecipitation. As a 
positive control a very similar construction have been performed with a 
cDNA clone containing the gene coding for the major viral protein (gene 
6). With this gene several recombinants were easily identified by 
immunodot as expressing the viral protein. However immunoprecipitation 
analysis revealed that the product is rapidly degraded in E. 
Coli,probably by cellular proteases. From these results it could be 
concluded that gene 9 product is highly toxic for the host. To solve 
this problem we are testing other vectors giving a fusion protein and 
having a more efficiently repressed promoter. 

3. DISCUSSION 
To succeed in determining the primary structure of the gene 9,the 

first objective of this project,it has been needed to construct longer 
clones using a different strategy. For this gene, it appears that the RF 
strain is more related to the bovine UK and NCDV strains than to the 
human WA or the simian SAIl strains • This result correlates with the 
fact that antisera .to RF strain neutralise well UK or NCDV and to a 
lower extent WA or SAIl. For the same strains (SA 11 and RF) the 
percentage of homology of gene 9 is significantly lower than the 
percentage of gene 6. This could reflect the influence of the host 
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IV. Publications issued during the period under contract: 

1: Publication in scientific journal 
Charpi1ienne A.,Borras F.,D'Aurio1 L.,Ga1ibert F. and Cohen J. 

Sequence of the gene encoding the outer glycoprotein of the bovine 
rotavirus (RF strain) and comparison with homologous genes from four 
bovine,simian and human rotaviruses. Ann.lnst.Pasteur/Viro1.1986, 136 E 
,71-77. 

2: Short Communication 
Cohen J.,Lefevre F.,Mary K. Estes and Bremont M.Uti1isation du 

c10nage mo1ecu1aire des rotavirus pour 1e diagnostic et 1a vaccination. 
Les co11oques de l'INSERM 1984 121 413-418 
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V. Research lines which proved to be unsuccessful: 

Up to now the expression in E. Coli of the outer glycoprotein has 
been unsuccessful with the various expression vectors tested. 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

The obtained sequence of the outer glycoprotein allowed us to 
begin a programm of testing the antigenic value of several synthetic 
oligopeptides;and to locate a calcium binding site on this protein. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects): 
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Title of research activity: 

The development of transgenic calves and lambs with improved growth 
characteristics. 

Head(s) of project: 

Scientific staff: 

Dr. F. Gannon, 
Department of Microbiology, 
University College, 
Galway, Ireland. 

Dr. B. Keane, T. Barry, M. Stack and N. MacCarthy. 

I. Other research group(s) collaborating actively on this project: 

Dr. J. Sreenan (Group leader), T. McEvoy. 

The Agricultural Institute, 
Belclare, 
Co. Galway, 
Ireland. 

II. General objectives of the project: 
The objective of this project is to make transgenic domestic animals which 

will attain market size more rapidly and economically or have an increased 

milk yield when compared to non-transgenic siblings. Transgenic animals 

may be generated by the introduction of novel DNA into fertilized I-cell 

ova (I, 2) • Microinjection is the method that we have chosen to transfer 

the DNA to the ova. The gene that we wish to have expressed in the 

transgenic animals is that which codes for growth hormone. To maximize 

the chances of expression, we have prepared constructions in which that 

gene is under the control of expression of selected promoters and 

enhancers. 
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III. Summary of the main results obtained during the period under contract: 

METHODOLOGY 

cDNA cloning: Total RNA was prepared from calf liver by the Li Cl/urea 

method (3) and subsequently enriched for polyadenylated RNA by selection 

on an oligo dT column using standard methods (4). A cDNA bank was 

prepared from this RNA by the classical hairpin method followed by dC 

tailing using terminal deoxy transferase and insertion of the dC tailed 

ds cDNA into a dG-tailed Pstl digested pBR322 vector. Colonies which 

contained calf sequence inserts were identified by the phenotype Aps Tetr • 

Selection of major sequences from the cDNA bank: A highly radioactive 

calf liver cDNA probe was prepared by inclusion of 50 uCi of 32p dCTP in 

the reverse transcription reaction. 105 cpm per filter of G50 column 

selected cDNA were used for hybridization to the cDNA bank which had 

previously been transferred to Whatman filters (5). After washing under 

stringent conditions and autoradiography, the colonies which hybridized 

most intensely were selected for further study. 

Back screening of the cDNA bank: Selected colonies were grown and the 

plasmid DNA they contained was purified by standard methods including 

caesium chloride centrifugation. After digestion by the restriction 

enzyme Pstl and electrophoresis on agarose gels, the insert DNAs were 

purified by the low temperature agarose method (4). These were made 

radioactive by nick-translation and used as probes back to the cDNA bank. 

Northern blotting: mRNA was prepared as above, including selection on an 

oligo dT column. 1-10 ug of this was electrophoresed on a formaldehyde 

denaturing gel (4). Subsequently the RNA was transferred to a nitro

cellulose filter and hybridized. Hybridization was in 50% formamide 

5 x SSC, 5 x Denharts at 420 C and washing of the filter was by 0.1 x SSC 

0.1% SDS at 20oC. The sizes of bands revealed by autoradiography were 

determined by comparison with the positions of bovine ribosomal RNA which 

had been electrophoresed on the same gel before being removed and stained 

by ethidium bromide. The sizes of the ribosomal RNAs were taken to be 

1.8 kb (18S) and 4.7 kb (28S) (6). 
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Southern blotting: To analyse the bovine DNA by Southern blotting, 

10 ug of DNA were digested with the appropriate restriction enzyme. 

After electrophoresis, the DNA was transferred to nitrocellulose or 

Nytran. Hybridization was at 6SoC in S x SSC and the most stringent 

wash was at 6SoC in 0.1 x SSC. 

Sequencing of CLSO: Either total plasmid DNA or DNA fragments from the 

insert were Pstl digested and cloned into the M13 MPll vector. The DNA 

was sequenced by the dideoxy method (7) using .3SS as radioactive label. 

Preparation of a genomic bank: The vector chosen was A EMBL3 which had 

been digested by BamHl and EcoRl to present BamHl termini. The bovine 

target DNA was purified by a combination of RNAse and proteinase K 

digestion and extensive phenol chloroform extraction. Preliminary Sau 3A 

digestions identified the appropriate conditions for partial digestion of 

the DNA (2 units/SO ug for 10 min). After phenol chloroform extraction, 

the DNA was fractionated on a 10-40% sucrose gradient. The size range 

present in each fraction was identified by agarose gel electrophoresis on 

DNA from each fraction recovered. Appropriately sized DNA was further 

purified by dialysis and ethanol precipitation before ligation of 0.3-1.2 

ug of it to 1. 2 ug of A arms. In vitro packaging of the DNA was carried 

out using mixes prepared from the strains of !. coli described by Hohn and 

Murray (8) using the sonic and freeze thaw method (9). 

Screening of the genomic bank: In initial experiments, total plasmids which 

contained either the CLSO sequence (see Results) or rat growth hormone cDNA 

were nick-translated and hybridized to 4 x lOS plaques. The conditions 

for hybridization for the non-homologous rat probe were SSoC S x SSC. 

Positive plaques from the first screening were analysed by the novel plaque 

dot assay which we developed (10) prior to further screening. When 

positive plaques were purified, the DNA present in them were analysed by 

restriction enzyme digestion and after transfer to nitrocellulose by 

hybridization. 

Preparation of DNA which contained a bovine enhancer: The source of the 

enhancer was a bovine papilloma virus (BPV) fragment which we received from 

R. Breathnach (Strasbourg, France) (11). The BamHl-Bgl II fragment from 

that plasmid was ligated to the BamHl digested pMGH (Fig. 1). Positive 



clones were identified by a combination of hybridization and restriction 

enzyme analysis. 
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Preparation of DNA for microinjection: Plasmids which contained the 

sequences of interest were extensively purified (including caesium chloride 

centrifugation) before digestion with the appropriate restriction enzymes. 

Thus pMrGH was digested by BamHl and Bgl I (1), pMgGH by EcoRl and Nde I 

(12) to yield fragments free of pBR322 which were purified from a low 

melting agarose gel. The Met Gal (13) was linearized by Xhol. Before 

use, all DNA was phenol-chloroform and then ether extracted before 

ethanol precipitation. The DNA pellet was washed by 70% ethanol before 

resuspension in sterile millipore water. 

Analysis of salmon eggs for B-galactosidase: The outer shell was removed 

before homogenization of embryos in 300 ul of sodium phosphate, pH 7, 

10 mM, NaCl 0.1 M, MgC12 1 mM, sodium azide 0.1%. The reaction was 

started by the addition of methyl lumbyl S-B-D galactoside and the 

fluourome.tric assay carried out as described (13). When the eggs were 

required for DNA analysis by Southern blotting, the method described by 

Chourrout et al. was followed (14). 



Preparation and microinjection of mice eggs: Several groups of 3-week old 

pre-puberal C57Bl/6 x DBA/2 Fl hybrid females were superovulated with 5 i.u. 

of pregnant mare serum gonadotrophin (Folligan, Intervet), followed by 

2.5 i.u. of human chorionic gonadotrophin (Chorulon, Intervet) 48 hr later. 

The superovulated females were paired with fertile adult C57Bl/6 x DBA/2 

Fl hybrid males at the time of the RCG injection. Fertilized l-cell eggs 

were surgically recovered from the oviducts of donors killed by cervical 

dislocation approximately 20 hr after the RCG injection, i.e. on day 1 

of pregnancy. The recovery medium used was Whitten's M2 (Repes buffered) 

medium. If necessary, cumulus cells were removed from the eggs with 

hyaluronidase (300 u/ml), and the eggs were washed free of debris and 

enzymes before manipulation. For injection, the eggs were placed in a 

drop of M2 medium in a micromanipulation chamber. The eggs were held in 

place using a blunt pipette approximately 100 microns in diameter while 

the tip of a microinjection needle (approximately 1-2 microns in diameter) 

was inserted through the zona pellucida and cytoplasm into the target 

pronucleus. Material to be injected was slowly expelled using a syringe 

connected to a micrometer. The larger pronucleus (male) of the fertilized 

ovum was injected with an estimated 2 picolitres of solution. After 

microinjection, the ova were either: (i) culturied in vitro at 37°C or 

(ii) transferred directly to oviducts of synchronous pseudopregnant white 

females. 

Preparation and injection of fish eggs: Ova and sperm were collected by 

abdominal pressure from salmon (Salmo salar) and mixed together without 

any diluent; 10 min later the ova were rinsed to remove excess sperm and 

placed in unfiltered river water at 3-7oC. Eggs were usually micro

injected in the 3-8 hr interval after fertilization, i.e. after formation 

of the embryonic disc and prior to first cleavage. Microinjection was 

performed by a 2-step method and visualized under a wild MSA stereo

microscope (magnification 50 X). The chorion was first drilled manually 

over the animal pole with a 50 u diameter sharp-ended micropipette, the 

egg being immobilized on a perspex grid with only the lower quarter of 

the egg being immersed in water - this helps avoid the egg being lifted 

by the microneedle after injection; this produced a slot approximately 

100 u long through which a microneedle (tip diameter of 10 u) was inserted 

and this penetrated the plasma membrane. It was not possible to clearly 

view the penetration of the embryo but a characteristic movement of the 

needle as the plasma membrane yielded to pressure was frequently seen. 
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When the yolk sac was mistakenly microinjected, this was readily detected 

by very rapid precipitation of the yolk. 0.2 ng of DNA in approximately 

20 ul of Tris-EDTA solution was injected into the egg. Injected eggs 

were cultured in trays alongside uninjected controls. Live and dead eggs 

were removed at regular intervals and stored frozen at -20oC until 

analysis. This was continued until after eggs had hatched. 

Preparation and microinjection of cattle eggs: Seventeen mature cyclic 

beef heifers were superovulated with 2,000 i.u. of PMSG (Folligan, Intervet 

or Synkron (France» at 10.30 a.m. - 12 noon on day 9-14 of the oestrus 

cycle. These animals were injected approximately 48 hr later with 2 ml 

of prostaglandin analogue (Estrumate, ICI). All animals were observed 

for sign of oestrus (i.e. standing heat) and were inseminated either by 

A.I. or natural service at approximately 56 and 72 hr after pIG injection. 

Operations (mid-ventral laparotomies) were carried out under full 

anaesthesia approximately 96 hr after pIG (i.e. day 2 of cycle). The 

oviducts of each donor were flushed separately with 15 ml of Whittingham's 

Modified Dulbecco's PBS. The eggs recovered in this way were washed in 

the same medium to remove any debris. Eggs were then placed in Ham's 

FlO culture medium supplemented with 10% heat treated sheep serum and 

cultured in droplets under liquid paraffin with 5% CO2 in air at 37oC. 

MOst eggs underwent one cleavage only. Some eggs were not immediately 

put in culture but instead were placed in eppendorf tubes and centrifuged 

at 15,000 g for 3 min. This allowed visualization of the pronuclei of 

bovine I-cell eggs but only with the aid of Nomarski (Interference 

Contrast) optics. 

culture. 

RESULTS 

Some centrifuged eggs did subsequently cleave in 

Microinjection studies: The production of transgenic animals will depend 

primarily on the ability to microinject DNA into the pronuclei of 

fertilized I-cell ova. Our initial training experiments were performed 

on mouse ova, some of which we have recently transplanted in order to 

complete the experiment. We also have microinjected salmon ova which 

are now at the hatched (Alevin) stage. Analysis of these for 

B-galactosidase activity has shown occasional positive results (see 

Table 1 for example). However, most samples tested were negative. 
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Southern blotting analysis to show integration of the injected DNA has not 

yet yielded a conclusively positive result. 

Table 1: Analysis of B-galactosidase activity in microinjected salmon eggs 

Sample Time before Fluorimeter reading 
sampling 

2 eggs microinjected 80 days 254 

2 eggs microinjected 80 days 270 

2 eggs control 80 days 125 

2 eggs control 80 days 98 

Most of our efforts have been directed to the development of methods for 

the successful use of bovine ova for microinjection. To obtain fertilized 

I-cell ova, cows were superovulated using 2000 i.u. of PMSG during the 

mid-luteal phase followed at 48 hr with 500 ug of prostaglandin 

(cloprostenol). Insemination was carried out at about 6 hr after oestrous 

onset. Ovum recovery was carried out under general anaesthesia by mid-

ventral laparotomy. Optimum time for recovery of the maximum number of 

I-cell fertilized ova was at 42-44 hr after insemination. 

Table 2: Analysis of cattle eggs recovered using the regime outlined in 
Methodology 

Number of cattle 17 

Total number of ovulations 177 

Total number of eggs recovered 127 

Number of unfertilized eggs * 53 (42%) 

fertilized eggs * (58%) Number of 74 

Number of suitable I-cell eggs 42 (33%) 

* As ascertained by visual assessment for presence of spermatozoa. 



Attempts to visualize the pronuclei using DAPI. stain and phase contrast 

optics were not successful. Using interference contrast (Nomarski) 

optics, pronuclei were still not visible. However, when these optics 

were used after centrifugation of the ova for 3 min at lSOoo Xg, the 

pronuclei were clearly visible and microinjection of DNA into either 

pronucleus was possible. 
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DNA constructions: The structural gene which we have used for most of the 

studies with mouse, salmon and more recently bovine ova, is the rat growth 

hormone gene expressed using the mouse metallothionein promoter (pMGH (1), 

gift from R. Palmiter). This was digested with BGI I and BamHl and 

purified free from the plasmid vector pBR322. In a variation of this,· an 

enhancer from bovine papilloma virus was inserted into pMGH as shown in 

the Methods section. This construction, pMGH-BE, has been used for some 

of the bovine microinjection experiments. The presence of a bovine 

enhancer should improve the chances of expression of the growth hormone. 

Ultimately we will need a strong bovine promoter and probably the bovine 

growth hormone gene. We have prepared a cDNA bank from bovine liver with 

the aim of identifying a sequence which is expressed at a high level, 

presumably reflecting a strong promoter. Using a total cDNA probe made 

with bovine mRNA, we isolated a sequence called eLSO which appeared 

to hybridize most intensely in that bank. It was present as 1% of the 

sequences. Because of the crucial importance of the promoter to the 

overall success of this project, we prepared another cDNA bank using a 

different source of calf liver RNA. Again, a eLSO-type sequence was 

selected as most prevalent. 

Characterization of eLSO: The largest eLSO cDNA clone has been 

characterized using restriction enzymes. It contains 6 internal Pstl 

sites, 2 HindIII sites and is not digested by EcoRl, SaIl, BamHl or Kpnl. 

Its total size is approximately 3 kb. When used as a probe to a Northern 

blot of calf liver RNA, two bands were detected (Fig. 2). The largest 

is approximately 3.1 kb (extrapolated from ribosomal RNA size markers). 

The other band is approximately 2.S kb. The relationship between these 

two species is under study to establish if (a) they are two members of a 

gene family; (b) they reflect different splicing options or (c) are 

caused by differences in the termination of transcription. 

outlined below, possibility (a) is unlikely. 

For reasons 
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Probing of a Northern Blot by CLSO. 

Poly A+ mRNA was prepared from calf 
livers and d1fferent amount. of it 
(from 5 ug to 1 uq) were run on a 
formaldehyde denaturing gel. After 
Northern blotting and hybrid1zation 
to a eLSO radloaet! ve probe, the 
accompanying autoradlograph was 
obtain~d. An indication of the 
sizes of the zones of hybridization was 
obtained from ribosomal RNA banda 
which were visible in a total RNA 
sample run on the same gel. Their 
location 11 indicated on the 
autoradlograph. 

t, , -285 

-f8s 

Using elSO as a probe to a Southern blot of EcoRl digested bovine DNA, 

2 bands were detected (Fig. 3). Their sizes are 6.7 kb and 2.3 kb. 

As the 2 . 3 kb fragment is too small to encompass the eLSO coding region, 

this indicates that eLSO is a unique gene presumably with a very effective 

promoter region. The eLSO gene must contain an intron, as unlike the 

genomic DNA, the cDNA does not have an EcoRl site . eLSO cDNA has been 

subcloned into Ml3 and its DNA sequence is being determined. The sequence 

will be needed to identify the S' end of the genomic fragment which codes 

for eLSO. As initial sequence (to be confirmed) has not yielded a poly A 

tract indicative of the 3' end, we have developed a novel probing method 

for this region (T. Barry and F. Gannon, in preparation). The method 

successfully identified known poly A regions in plasmids but was negative 

for eLSO. It thus seems that it is not in the clone under analysis. 

Fig . 3. 

Genomic probing by CLSO. 

EcoRI digested bovine DNA was 
electrophoresed on an 0.8' agaroBe 
gel and then Southern blotted. 
After probing with a nick-translated 
eLSO probe, two banda of sizes 
6 . 7 kb and 2. 3 kb were detected. 

6 ,7kb - .' 
2'3kb - • 
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Isolation of genomic sequences: A bovine DNA library was required for 

this project for 2 reasons: (i) as the source of the CLSO promoter region 

and (ii) as the source of the bovine growth hormone gene. The first 

library which we prepared inA WES was found to be incomplete and to have 

a high background due to vector only plaques. A second bank was prepared 

using ~ EMBL3 as vector. A bank of 1 x 106 pfu were obtained. The 

background due to vector only was minimal (~ 1%) and inserts of an 

appropriate size were obtained on mini preps of randomly selected phage. 

The bank was screened with a CLSO probe and with a rat growth hormone 

cDNA probe (using hybridization conditions previously established by 

Southern blotting). Positive plaques have been obtained for both probes 

and are being purified. 

DISCUSSION 

The development of transgenic domestic animals depends on the acquiring 

of a number of interdependent techniques and materials. These include 

(i) the optimization of hormone and animal treatment regimes to provide 

fertilized eggs; (ii) the establishment of the microinjection methodology; 

(iii) the preparation of the structural gene which is to be inserted into 

the I-cell embryos; (iv) the characterization and purification of the 

promoter, control and enhancer regions which will allow a high level of 

expression of the microinjected gene and (v) the development of assay 

techniques to monitor the effects of microinjection. The philosophy 

which has guided this project is that it is best to work with a homologous 

system, i.e. to microinject the bovine growth hormone gene under the 

control of a bovine promoter and enhancer into bovine eggs if one wishes 

to make transgenic cows with potentially improved growth characteristics. 

In practical terms, however, it is difficult and expensive to obtain 

large numbers of bovine eggs and the various desired DNA constructions 

are available only at the end of the two-year life span of this contract. 

For these reasons, we have used other biological. systems and gene 

constructions to help advance the various aspects of the project with a 

view to rapidly transferring the techniques to the bovine system when 

all components are available. 

Experiments with the mouse eggs served to validate the microinjection 

equipment and general technique. The salmon eggs were used because (a) 

they do not require reimplantation; (b) would extend our understanding 



of the usefulness of, the mouse metallothionein promoter in other species 

and (c), because of limited availability due to seasonality were used to 

establish a facility for use of fish eggs which would be needed in the 

long term. The finding of some B-galactosidase activity in a small 

number of the samples, if confirmed, could also indicate that the quality 

of the DNA used for microinjection is correct. At the time of preparation 

of this report, we feel that the positive expressionof B-galactosidase 

should be considered as a tentative observation which needs to be confirmed. 

The extreme sensitivity of the assay could give rise to an occasional 

artefact that our control experiments have not yet detected. At present, 

Southern blot analysis has not shown that the B-galactosidase gene is in 

fact present. This may be due to the small amounts of DNA present in 

the samples, the need to expose the autoradiographs for longer periods or 

because the DNAs analysed come from different eggs than those which were 

used for the enzyme assay. 

Most of our efforts have been directed to the bovine system. Many 

experiments were performed before the conditions of treating the animals 

described in Methods in a way which gave maximum numbers for fertilized 

ova were established. The visualization and microinjection of the 

fertilized ova is now also satisfactory and in the next month, it is 

planned to accumulate the appropriate animals to attempt the full 

experiment of making transgenic animals with cattle. 

The DNA constructions available. will allow these experiments to be 

undertaken. In addition to constructions previously successful with 

mice, we also have inserted a bovine enhancer into one construction. 

All of the preliminary work towards selecting a strong bovine promoter 

has been undertaken successfully. A calf liver cDNA bank has been 

prepared. The sequence CLSO has been isolated from it and shown to 

correspond to a major mRNA. Northern blotting shows that it hybridizes 

strongly to two RNA bands. Future work will clarify the molecular 

basis for this result. Southern blot analysis is consistent with it 

being the product of a single gene and thus of a strong promoter. 

A bovine genomic bank has been prepared and validated. Initial screening 

yielded artefacts which were discovered after extensive purification and 

analysis (see Section V). We have now rescreened the bank with CLSO 
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and rat growth hormone fragments and plaques which have been isolated 

are currently under study. The DNA fragments which they contain will 

be integrated into the microinjection programme as soon as new 

constructions are prepared. 

All of the elements required to attempt to make transgenic animals are 

thus available and the final outcome of this work will be known in the 

very near future. 
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V. Research lines which proved to be unsuccessful: 

In our initial screening of the A bank, we used plasmids plus inserts 

as probe. Because of the stringency of the hybridization conditions 
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this avoidance of fragment purification with consequent higher efficiencies 

of nick translations seemed justified. After complete screening of the 

bank and tertiary screening of the selected clones, the extensive analysis 

of the DNA in mini preps showed that a band of 4.6 kb was present in all 

cases. Careful control experiments showed this to be due to genuine 

bovine sequences which cross-reacted with pBR322. 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

A consistently higher amount (approximately a-fold) DNA has been 

recovered from microinjected eggs compared to controls. This does not 

correlate with the gene injected. The basis for this observation 

(artefact or otherwise) has not been established. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects) : 

Arising from this work, an industry has decided to give financial 

support to the next phase of our research. 
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Title of research activity: 

Application of genetic manipulation techniques to the study of the 
naturally occurring phenomenon of RNA recombination in foot-and-mouth 
disease virus: potential for producing better vaccine strains. 

Head(s) of project: Dr. D. McCahon 

Scientific staff: A.M.Q. King, S.A. Ortlepp, K. Saunders, J.W.I. Newman, 

W.R. Slade, A.M. Cleary, G.J. Belsham, C Pedley 

I. Other research group(s) collaborating actively on this project: 

Professor Dr. H. Schaller, Mikrobiologie, Universit§t Heidelberg, 
1m Neuenheimer Feld, 69000 Heidelberg, West Germany [see ref.4; 
S. Forss was a member of Dr. Schaller's group; Drs. E. Beck and 
K. Strebel of the same group supplied the SP6 transcripts of 
01 Kaufbeuren cDNA clone] 

II. General objectives of the project: 

1. To define the sequence requirements of RNA recombination and hence 
to define its limitations and potential application. 

2. To use RNA recombination to rescue genetic information from cDNA 
clones and hence provide a means of manipulating the protein-coding 
region of the genome. 
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III. Summary of the main results obtained during the period under contract: 

METHODOLOGY 

Isolation of recombinants: Cells were infected with a mixture of 
temperature-sensitive (ts) mutants and progeny selected for the ability to 
grow at the restrictive~emperature in an infectious centre assay (McCahon 
& Slade, 1981, Journal of General Virology ~, 333-342. 

Biochemical characterisation of recombinants: Presumptive recom
binants were screened initially by one-dimensional electrofocusing of 
[35s)-labelled proteins induced in infected cells. Viruses whose protein 
patterns differed from both parents, and were considered as possible 
recombinants, were subjected to two-dimensional electrophoresis of RNase-Tl 
digests of their RNA (King et al., 1982, Cell~, 921-928). 

Oligonucleotide sequencing: Oligonucleotides prepared by Tl nuclease 
digestion of purified viral RNA were labelled in vitro with [l32p )ATP, 
extracted and separated by two-dimensional electrophoresis. Unique oligo
nucleotides were then eluted from the gel and sequenced by the partial 
enzyme digestion method (Saunders et al., 1985, Journal of Virology 56, 
921-92~O. -- -

Synthesis of virus cDNA: Complementary DNA was synthesised from 
purified full-length viral RNA with oligo(dT) primer and reverse transcrip
tase. The second DNA strand was synthesised by either (i) alkaline 
digestion of the RNA strand, followed by self-primed synthesis with the 
Klenow fragment of DNA polymerase I, and cleavage of the terminal loop with 
SI nuclease, or (ii) simultaneous treatment with RNase H and DNA polymerase 
1. 

Cloning: The following methods were used for inserting DNA into 
plasmid vectors: (1) oligo(dC) tailing with terminal transferase, and 
annealing to oligo(dG)-tailed pBT322; (ii) generating blunt ends with 
Klenow fragment and ligating the DNA to pUC9, cut with Smal, (iii) making 
blunt ends as above, then inserting into EcoRI-cut pUC9 using EcoRI linkers. 
Competent cultures of E. coli JM83 were transfected with plasmids, .carrying 
inserts, and transformed cells were selected by antibiotic-resistance 
(pBR322) or by loss of blue colour (pUC9). Colonies were screened for32 
virus-specific sequences by the Grunstein-Hogness technique using, as P 
probes, either labelled cDNA or terminally labelled fragments of virus RNA. 
Plasmids containing viral sequences were partially purified by a modifi
cation of the Holmes-Quigley rapid procedure. The DNA inserts were excised 
with an appropriate restriction enzyme and their sizes determined by 
agarose gel electrophoresis. Large clones (= >1 kb) were selected for 
further study. 

Mapping and sequencing: One end of each DNA insert was sequenced 
either directly, in pUC9, or after subc16ning into bacteriophage M13. 
A computer search for homologous regions in the published sequence of FMDV 
revealed the precise location and orientation of each clone. Sequencing 
was by the chain termination method. Shot-gun sequencing was done on DNA 
fragments produced by digestion with SaulllA subcloned in M13. 
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RESULTS 

Genome 10c4t~on of cross-over sites 

Previous recombination experiments with ts mutants of two biochemi
cally distinguishable antigenic subtypes of the virus (Of and 06) had 
produced two types of ts+ recombinant, reflecting the ex stence of at 
least two cross-over sites in the 3' half of the genome (King et al., 1982, 
Cell 29, 921-928). Using a ~ariety of ~ mutants of the same two parents 
(01 and 06)' a further 36!! recombinants were isolated. Analysis of the 
recombinants by electrofocusing of their induced proteins and two-dimen
sional electrophoresis of their Tl nuclease-resistant oligonucleotides 
revealed a further 15 types of recombinants. However, the location of the 
cross-over points could only be determined very approximately from protein 
patterns. Therefore, 57 of the unique oligonucleotides (33 from 01 and 24 
from 06) were sequenced 
and, by comparison with 
the then unpublished 
genome sequence of 
another type ° virus (01 
Kaufbeuren) (Forss et ale 
1984, Nucleic Acids Res. 
12, 6587-6601), it was 
possible to identify the 
location of 49 oligo
nucleotides. These 
results plus the protein 
evidence showed that 
there were at least 12 
cross-over sites 
scattered throughout the 
genome (Figure 1). 
Several gaps where recom
bination apparently did 
not occur can be seen but 
these probably reflect 
the lack of unique 
distinguishable oligo
nucleotides to act as 
markers in those regions. 
The only possible excep
tion was the region 
encoding VPl and most of 
VP3 where there were 
sufficient markers but no 
cross-overs were 
observed. A few recom
binants (3 out of 38) had 
two cross-over events 
(types 13, 15 and 17 in 
Fig.1), which was higher 
than would be expected 
since the maximum proba
bility of one cross-over 
event deduced from 
numerous recombination 
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Figure 1. Location of cross-overs in 17 differ
ent types of 01 x 06 recombinants based on the 
known location of unique T1 oligonucleotides. 
Regions of genome of known parentage are indi
cated by solid lines (0 upper, 06 lower); 
dotted lines indicate ctoss-over regions. 



experiments in the past was 1% to 1.5% (McCahon et al., 1977, Journal of 
General Virology ~, 555-565). 

Nature of cross-over sites 
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As part of a more general study on the limitations of RNA recombi
nation between different FMD viruses, the same basic strategy as was used 
for the 01 x 06 recombinants was used to produce and analyse intertypic 
recombinants. Early work using RNA-RNA hybridisation had shown that the 
FMD virus serotypes could be divided into two groups, the European (types 
0, A and C) and Asian serotypes and the African serotypes (SAT 1, 2 and 3) 
(Robson et al., 1977, Journal of General Virology 37, 271-276). Hybridi
sation between members of the same group was much higher (60-70%) than 
between members of different groups (25-40%). It was therefore concluded 
that the European and African serotypes were the most distant in evolu
tionary terms and, when it proved possible to isolate such recombinants, 
they were chosen to define the minimum sequence requirements for RNA 
recombination. The approximate location of the cross-over sites in seven ° x SAT 2 and two A x SAT 2 recombinants were defined on the basis of their 
oligonucleotide patterns. All the ° x SAT 2 recombinants had cross-overs 
in the 3' third of the genome (Figure 2) whereas the A x SAT 2 recombinants 
had their cross-over near the middle of the genome (not shown). Extensive 
sequence information was available for the type A parent but not for the 
type ° or SAT 2 parents, so clones covering most of the genome of both 
these latter parents were produced. Preliminary sequencing of the type ° 
parent (Pacheco strain) showed that it was very similar (99% homology) to 
the sequence already available to us of 0 Kaufbeuren. Therefore, 
subsequent sequencing was restricted to t~e 3' end of the genome where all 

3 , 
kllobases 

4 ~T 

genom.loe.tlono. 944 349'10 1914 2212 75486 5,436 15'16412139 
T yp. 0 o ll gonu c Ie o t lei ... ....''-','--_yL.....J''--_ _ L........1...' ..1.1 _ _ ...II....L' _.l:\Yl£.JfL-_.L' -1.' __ .L' ---'J'U'L' _ 
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1 t 

~ 
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~ t " 

" t 
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" 

Figure 2. 0 x SAT 2 inter typic recombinants. The location of the cross
overs (indicated by arrows) is based on the known position of the type 0 
oligonucleotides (represented by small vertical lines: above the line 
indicates oligonucleotide present, below the line that it was absent). 
Symbols (e), ( • ) and (0) indicate the conserved restriction sites used 
in sequencing the cross-overs. 
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the 0 x SAT 2 cross-overs were located. In total, approximately 1,500 
nucleotides of this parent were sequenced. Approximately 4,500 nucleo
tides of the SAT 2 parent were sequenced and this work is still in 
pr9gress. However, since these are the first extensive sequences of an 
African serotype, it was interesting to compare them with the available 
sequences of the two European types, 0 and A. This showed that, whereas 
there was little or no homology in the structural protein coding region, 
there was 80-87% homology in the non-structural protein region. The 
degree of conservation was even more striking at the amino acid level for 
proteins such as the genome-linked proteins and most of the polymerase 
(95%). Because of this conservation, it was possible to align the 3' ends 
of the two parental genomes so that they could be examined for the conser
vation of restriction enzyme sites. Three sites which encompassed the 
o x SAT 2 cross-over sites were found to be conserved: EcoRI at 5149, 
Hind III at 6454 and Bam HI at 7300. Therefore, cDNA clones of the 3' end 
of the genome were obtained for five 0 x SAT 2 recombinants and cut, first 
with Hind III and then with EcoRI or Bam HI (Figure 2). After cloning and 
checking by hybridisation for possession of the appropriate regions of 0 
and SAT 2 DNA, the clones were subcloned into M13 and sequenced. Between 
200 and 1000 base pairs upstream and downstream of each cross-over site 
were sequenced. Only one cross-over site was found in each recombinant 
and all were different (Figure 3). No insertions, deletions or rearrange
ments were found and the number of contiguous bases (underlined in Fig.3) 
varied from 2 to 32. No specific sequences were found at or near the site 
such as might be used in RNA splicing. All five cross-overs had occurred 
in regions of) 80% homology. 

6570 6510 6590 6600 6610 6620 
ATCTT tTtCAA6CAC AA868A6AtA tAAASAT6TC TSAS6Asut AAA6AltTBl TCCBltlCT6 C 
I ••••••••••••••••••••••••••••••••••••••••••••••••••••• If • t •• 

ATcn CTttAA6CAC AA666AIACA CAMIATBTC T6AS6AASAC AAAGAICT6T TCA8ACTTT6 I 
••••• , •••••••• I ••••••••••••••••••••• , •••••••••••••••••••••••• , t 

ATCTT CTce""!:"c AT66&ASACA CCAA6AT6TC T6A66AA6AC ""A6A&CTIT TCA8ACTTTG T 

5969 59n 5999 5999 6009 6019 
AGT61 TlSABITTGA BAICAAlGIA AAAG6ACA6S ACAISCTCTC A6ACGCGBCG CTCAIBGIBC T 
•••••• f •••••••••••••••••••••••••••••••••••••• Itt •••• ff ••••••••• • 

o Parent 
Recombinant B 968 
SAT Parent 

ASTGT TlGABTlT6A 6ATCAAA6TA AAABSACASB ACATBCTCTC ABACSCTGCS CICATBST6T T R e c B 9 71 
•••••••• f ••••••• f •••••• t ...... 'I' f. II It ••• If. II t •••••••••••••• ,.. • 

ABIBT TTBAGTTTSA SATTAAASTA AAAESACA66 ACAT6CTCIC ASACSCTSCS CTCATSBIST T 

6819 b829· 6839 b8~9 68S9 un 
Tess ACCCGA66CT 6"66C16C[C TGAA6CTCAT GGA6AAAA6A 6AATACAAAT TTSTlT6TCA 6 

f'ffllfflf flfllftffl fffl"ffllf f.flfffff I fflff f I II' 'I 

TCSS ACCCBAG6CI GASSCTSCCC TGAAGCTCAT 65AGAAAeJ!.5 5ASTACA~1 TCACTTBCCA ARe c B 97 6 
ffftl' • fflft ff , tft"fffff tffff". fff tflf.I'f.f .f ••••••••• 

TCGS ACCCSAAATT SASSCASCAC TBAAECTCA; GGAGAATAG6 GAGTACAAGT lCACTTGCIijI A 

5708 5711 5728 5738 5748 5758 
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Figure 3. Sequence of the cross-over region in 0 x SAT 2 intertypic 
recombinants.- Underlined bases indicate the cross-over sites. 
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Rescue of genetic information from cDNA clones 

RNA transcripts of a cDNA clone encompassing all the protein coding 
region and the 3' terminus of 01 Kaufbeuren were prepared by Drs. K. 
Strebel and E. Beck of Heidelberg University, using the SP6 system. 
Microinjection was used to introduce this partial RNA mixed with complete 
RNA of appropriate ts mutants into BHK cells and the plates were then 
incubated at 370 andl41 0 C. If recombination was able to occur between the 
partial transcripts and the complete RNA, then plaques should be formed at 
the restrictive temperature. Up to the present, plaques have been readily 
obtained with a range of complete RNA molecules but not with the partial 
molecules either alone or mixed with complete molecules. These 
experiments are still in progress. 

DISCUSSION 
Two major conclusions on RNA recombination can be drawn from the 

results of these studies. The first is that it is a general and not a 
site-specific phenomenon, so there is probably an infinite number of 
potential cross-over sites where recombination can occur. Consequently, 
RNA recombination could be used to produce any desired recombinant if 
suitable mutants were available to permit the selection of the recombi
nants. A more precise and more reliable method would be the construction 
of recombinants via cDNA clones but as yet no-one has been able to produce 
a complete infectious DNA copy of the virus genome, as has been done for a 
few other picornaviruses, e.g. poliovirus (Racaniello and Baltimore, 1981, 
Science 214, 916-918). The rescue experiments that are now in progress 
are an attempt to circumvent those problems and, if successful, would 
permit the manipulation of the most of the genome. 

The second major conclusion is that RNA recombination does not require 
extensive homology at the cross-over site but it may require a certain 
degree of overall homology around the cross-over region since (a) for all 
five ° x SAT 2 recombinants the cross-over occurred in regions of~80% 
homology, (b) in the 01 x 06 recombinants the frequency of second cross
overs was higher than expected (3 out of 38 rather than~l in 100), 
suggesting that the first cross-over increased the probability of a second 
cross-over, and (c) the frequency of isolation of recombinants decreased 
with increasing evolutionary distance. 

These conclusions, taken in association with earlier work on the time 
of occurrence of recombination events (McCahon & Slade, 1981, Journal of 
General Virology 53, 333-342) would suggest that RNA recombination involves 
the proper alignment of homologous regions of parental RNA molecules and 
that some random event such as strand-switching by the viral polymerase 
produces recombinant molecules. Alternatively, it is a repair process for 
broken RNA molecules that become aligned on a negative strand template 
derived from the other parental virus. The current experiments with 
partial RNA molecules should help to distinguish between these possibili
ties. 
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IV. Publications issued during the period under contract: 

1. The use of genetic recombination for constructing novel strains of a 
picornavirus (1983). McCAHON, D., KING, A.M.Q., SAUNDERS, K., SLADE, 
W.R. and NEWMAN, J.W.I. Cold Spring Harbor Symposium on "Modern 
Approaches to Vaccines", September 1983 (Chanock, R. and Lerner, R., 
eds.), pp.45-51. 

2. Isolation and biochemical characterisation of intertypic recombinants 
of foot-and-mouth disease virus (1985). McCAHON, D., KING, A.M.Q., 
ROE, D.S., SLADE, W.R., NEWMAN, J.W.I. and CLEARY, A.M. Virus Research 
1, 87-100. 

3. Multiple sites of recombination within the RNA genome of foot-and-mouth 
disease virus (1985). KING, A.M.Q., McCAHON, D., SAUNDERS, K., 
NEWMAN, J.W.I. and SLADE, W.R. Virus Research 1, 373-384. 

4. Recombination and oligonucleotide analysis of guanidine resistant 
foot-and-mouth disease virus mutants (1985). SAUNDERS, K., KING, 
A.M.Q., McCAHON, D., NEWMAN, J.W.I., SLADE, W.R. and FORSS, S. 
J.Virol. 56, 921-929. 
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V. Research lines which proved to be unsuccessful: 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

The need to sequence parental viruses produced the first extensive 
sequences of an African serotype of this virus. Comparison of the sequence 
with those from European serotypes has identified regions that are highly 
conserved. This must indicate that these regions or the proteins encoding 
them have a critical function. These functions are unknown but now the 
regions have been identified they can be analysed further by techniques 
such as site-directed mutagenesis. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects) : 
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Title of research activity: 
The application of recombinant DNA technology to the development of 
porcine rotavirus vaccines. 

Head(s) of project: Dr. M. A. McCrae 

Scientific staff : Mr. D. Hartree 
Mrs. G. Scott 
Mrs. E. Embleton 

(Graduate Research Assistant) 
(Technician Grade 5) 
(Technician Grade 1) 

I. Other research group(s) collaborating actively on this project: 

II. General objectives of the project: 

The long term objective of the project is the development of 
effective porcine rotavirus vaccines through the exploitation of 
recombinant DNA technology. The first experimental aim is the isolation 
and analysis by DNA sequencing of c-DNA clones derived from the genome 
segment encoding the neutralisation antigen of two serologically 
distinct porcine rotaviruses. This will assist in the identification of 
antigenic determinants on this important viral protein. The c-DNA 
clones can also be used to gain insight into the nature and extent of 
variation in this genomic RNA segment. The third objective is to obtain 
high level expression as protein of these c-DNA clones in E. coli as a 
means of producing large quantities of this important virus antigen for 
evaluation as a killed vaccine. 
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III. Summary of the main results obtained during the period under contract: 

Methodo10&y 

(i) Virus growth and purification. 

The two strains of porcine rotavirus (OSU and Gottfried) were 
propagated by infecting confluent mono layers of MA104 cells at an input 
multiplicity ofoO.1 in the presence of 5 pgm/m1 trypsin. After 72 hrs 
of growth at 37 C the infected cells were harvested and virus purified 
using the standard purification protocol (McCrae and Fau1ker-Va11e 
1981). 

(ii) c-DNA cloning and DNA sequence ana1ysis:-
c-DNA clone construction from extracted viral ds RNA was carried 

out using a cloning strategy originally devised for work on bovine 
rotavirus (McCrae and McCorquodale 1982). Clones containing inserts 
derived from the RNA segment encoding the virus neutralisation antigen 
were identified using probes derived from a c-DNA clone of the 
corresponding gene in bovine rotavirus. Isolated genomic RNA's DNA 
sequence analysis was carried out using the di-deoxy method following 
sub-cloning of the original c-DNA's into M13. 

(iii) Expression plasmid construction and ana1ysis:-
The pCL (Zabeau and Stanley 1982) and pEX (Stanley and Luzio 

1984) expression p1asmids were used. Growth of the relevant p1asmids, 
restriction enzyme digestions, fragment isolation, ligations and 
bacterial transformation were all carried out using standard recombinant 
DNA procedures. Temperature induction of a-ga1actosidase-vira1 gene 
fusions was achieved by diluting (1:100) a fresh overnight of E. coli 
K12 H trp carrying the expression plasmid construct, growing at 30uC 

o until the ODS90 was 0.3 and then shifting to 42 C for 2 hours. The 
level of fusIon protein production was analysed directly on a 5-11% 
gradient polyacrylamide gel. 

Results: 

(i) c-DNA cloning and DNA sequence analysis. 
c-DNA clones containing RNA segment 8 sequences from the two 

porcine rotaviruses were first identified by Grunstein-Hogness filter 
hybridisation using isolated gene 8 RNA from each virus strain as probe. 
The clones identified were then confirmed as encoding the major 
neutralisation antigen VP7 (McCrae and Fau1ker-Va11e 1981) using a c-DNA 
clone of the UK bovine rotavirus gene 8 which we had previously 
isolated. In the first round of cloning viral inserts of sufficient 
size to be complete copies of gene 8 were obtained for the Gottfried 
strain, but for the OSU strain the largest inserts were only 3-400 base 
pairs (the gene is 1050-1100 bps in length). Therefore further rounds 
of c-DNA cloning had to be undertaken with the OSU strain before clones 
containing inserts large enough to be full length were obtained. Using 
a representative full length clone from each virus simple restriction 
maps have been constructed and using these suitable restriction enzyme 
fragments were sub-cloned into M13 sequencing vectors for DNA sequence 
analysis. DNA sequencing of both clones is in progress and at the 
termination of funding under the BEP programme about 50% of the sequence 
of the OSU clone is sufficiently substantiated to present (Fig. 1). 
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Sequencing work is continuing and both genes should be completely 
sequenced within the next three months. 

(ii) E. coli expression studies:-
Since a full length c-DNA clone of the UK-tissue-culture adapted 

strain of bovine rotavirus had already been isolated at the time of 
commencement of this project we decided initially to focus our attempts 
at expression on this clone while the corresponding c-DNA clones from 
the two porcine rotavirus strains were being isolated. A wide variety 
of expression based plasmids were tried before success was finally 
achieved using the s-galactosidase carboxy-terminal fusion vectors 
developed by Stanley and Luzio (19S4). Using this system expression of 
a fragment of gene 8 totalling approximately 50% of the coding sequence 
was expressed to high (3-5% of total cellular protein after 2 hrs of 
induction) levels in E. coli. The authenticity of the construct was 
investigated using the Zubay coupled in-vitro transcription-translation 
system and this confirmed that following digestion of the expression 
plasmid construction with various restriction enzymes proteins of the 
appropriate size were synthesised in the Zubay system. Having 
established the authenticity of the expression construct, polyacrylamide 
gel fragments containing the expressed e-galactosidase-VP7 fusion were 
used to immunise rabbits and as shown in Fig. 2, hyperimmune sera from 
immunised animals was able to specifically immuno-precipitate VP7 from 
infected cell lystates. This showed that the viral portion of the 
fusion protein was immunogenic; and this was confirmed using a solid 
phase ELISA assay with purified virus as the antigen. It was also found 
that provided that it was prepared for immunisation in the correct way 
the s-galactosidase-VP7 fusion was able to elicit a low but significant 
amount of virus neutralising antibody production (Table I). 

Discussion. 

The DNA sequence data available to-date is not sufficient to draw 
any substantive conclusions concerning possible antigenic determinants 
on VP7. However the difficult and time consuming task of full c-DNA 
clone isolation has been achieved and the necessary DNA sequence 
information to make informed speculations about antigenic determinant 
regions of the gene should soon be available. 

The numerous problems that have been encountered in achieving the 
expression of heterologous proteins in E. coli mean that attempts to 
express any new heterologous protein can be expected to produce its own 
difficulties. It was this realisation that prompted us to begin work on 
the expression of the bovine virus neutralisation antigen in parallel 
with attempts to isolate the relevant c-DNA clones from the two porcine 
rotavirus strains that were the centre of the study. The considerable 
difficulties that were encountered in achieving the successful 
expression of part of this viral protein demonstrated that its 
constitutive expression in E. coli is lethal to the bacterium and 
therefore expression-constructs must use an inducible promoter. Also it 
was found that only by fusion of viral sequences onto the -eOOH end of 
s-galactosidase was a stable protein product that accumulated in induced 
cells obtained. This information will be very useful in our ongoing 
attempts to express the porcine c-DNA sequences that have been isolated. 
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1 60 
TGCTTTAAAA GAGAGAATAT CCGACTGGCT ATCGGATACG CCTTTTTAAT GTATGGTATT 

********* * ****** * *** ***** * *** ** * ******* ********** 
GGCTTTAAAA GCGAGAATTT CCGTTTGGCT AGCGGTTAGC TCCTTTTAAT GTATGGTATT 
1 60 

61 120 
GAATATACCA CAGTTCTAAC TTTTTTGATA TCGCTTGTAT TTGTCAATTA TATACTGAAA 
********** ** ****** ** **** * *** ** ** * * ***** *** * *** 
GAATATACCA CAATTCTAAT CTTCTTGACA TCGATTACAT TGTTGAATTA TATCTTAAAA 

61 120 

121 180 
TCAGTTACTA GAACAATGGA CTTTATCATT TATAGATTCT TATTGGTTAT AGTCGTACTT 
*** * ** * *** ****** ** *** *** ** ***** * * * * *** ** * 
TCAATAACGA GAATAATG~A CTATATAATT TACAGATTTC TGCTTATAGT AGTGGTCTTG 

121 180 

181 240 
GCACCGCTCA TTAAAGCTCA AAATTACGGA ATTAATTTAC CAATAAGTGG ATCXATGGAT 
** * * * * ** ** ** ** ** *** * ***** * **** * ** ** ****** 
GCCACCATGA TAAATGCGCA GAACTATGGA GTGAATTTGC CAATTACAGG TTCAATGGAT 

181 240 

241 300 
AXGCCATATA GAATTCTAAC TACAAGTGAA AXATTTTTGA CTTCGACATT ATGTCTATAT 

* * ** ** ** ****** ******** * ** ** * *** * *** 
ACTGCGTACG CAAACTCTAC GCAAAGTGAG CCATTTTTGA CATCAACTCT TTGTTTGTAT 

241 300 

301 360 
TATCCAAATG AAGCAGCTAC AGAAATTGCA GATACAAAAT GGACAGAAAC ATTGTCGCAG 
***** ** * *** * * ***** ** ***** *** *** ** ** ** ** ** 
TATCCTGTTG AGGCATCAAA CGAAATAGCT GATACCGAAT GGAAGGATAC CTTATCACAA 

301 360 

361 420 
TTGTTTTTAA CAAAAGGATG GCCAACAGGG TCAGTTTATT TTAAAGGATA TGCAGATATT 
***** ** * ********** ********* ** ** ** * ****** *** * * ***** 
TTGTTCTTGA CAAAAGGATG GCCAACAGGA TCGGTGTACT TTAAAGAATA TACTGATATA 

361 420 

421 480 
GCGTCATTTT CTGTAGAACC GCAGTTATAC TGCACTATAA TATTGTACTC AATGAAATAT 
*** * **** * ** ***** ********* ** * * ** * ********** 
GCGGCCTTTT CAGTGGAACC ACAGTTATAC TGTGATTATA ATTTAGTTTT AATGAAATAT 

421 480 

481 510 
GCATGGAATA TXXCTACAGT TAGCATAGTC 

* * * ** ** * 
GATTCTACAC AGGAACTAGA TATGTCTGAA 

481 510 

NUCLEOTIDE SEQUENCE COMPARISON OF 5' TERMINAL 510 BASES OF PORCINE 
(OSU) AND BOVINE(UK) GENE 8 
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60 
MYGIEYTTVL TFLISLVFVN YILKSVTRTM DFIIYRFLLV IVVLAPLIKA QNYGINLPIS 
******** * ** * * ***** ** * * ******* **** * * **** **** 
MYGIEYTTIL IFLTSITLLN YILKSITRIM DYIIYRFLLI VVVLATMINA QNYGVNLPIT 
1 30 60 

61 90 120 
GSMD-PYRIL TTSE-FLTST LCLYYPNEAA TEIADTKWTE TLSQLFLTKG WPTGSVYFKG 
**** * * ** ***** ****** ** ***** * ********** ********* 
GSMDTAYANS TQSEPFLTST LCLYYPVEAS NEIADTEWKD TLSQLFLTKG WPTGSVYFKE 

61 90 120 

121 150 
YADIASFSVE PQLYCTIILY SMKYAWN--T 
* *** **** ***** * *** 
YTDIAAFSVE PQLYCDYNLV LMKYDSTQEL 

121 150 

AMINO-ACID SEQUENCE COMPARISON OF AMINO TERMINAL 150 AMINO-ACIDS 
OF PORCINE(OSU) VP7 AND BOVINE(UK) VP7 
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Fig. 2. 

Track A: -

Track B:-

Track C:-

Track D:-

Track E:-

Track F:-

VP1-

VP2-
VP34-

VP5-

ABCDEF 

VP6- 1
.". 

VP7_ 
VP7c
VP8----, 

VPlO-

Immunoprecipitation of VPZ. VPZc and vprZ from infected cell 
lysates using hyperimmune sera from rabbits immunised with 
B-galactosidase-VPZ fusion. 

Virus infected cells pulse - labelled for 15 min with35S 
methionine at 5 hrs post infection. 

Virus infected cells labelled as in track A but chased for 2 
hrs in the presence of 100 x normal methionine concentration 
before harvesting. 

Virus infected cells labelled as in track A and immuno
precipitated with pre-immune rabbit sera. 

Virus infected cells labelled as in track A, immuno
precipitated with hyper-immune rabbit sera . 

Virus infected cells labelled as in track B immuno
precipitated with hyper-immune rabbit sera . 

Virus infected cells maintained in the presence of 5 glml 
tunicamycin (to block VPZ glycosylation producing vprZ) , 
labelled as in A and immunoprecipitated with hyper-immune 
rabbit sera. 

Samples were analysed on a 5-11% gradient polyacrylamide gel using the 
Laemmli discontinous buffer system. 



Pre Immune mouse 
Sera 

Hyper-Immune mouse 
Sera 

Serum dilution giving 50% 
plaque reduction 

< 1/5 

1/80 

Table I Plague reduction assays on pre and hyper-immune sera from 
mice immunised with B-galactosidase-VP7 fusion 
polypeptide. 
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IV. Publications issued during the period under contract: 
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V. Research lines which proved to be unsuccessful: 
The major research line that proved to be unsuccessful was 

concerned with attempts to express the complete VP7 as a non-fusion 
protein in E. coli. Despite being able to make the correct construction 
behind an inducible bacterial promoter, on induction there was no 
accumulation of viral protein indicating that the protein was unstable 
in the bacteria. 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects) : 
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Title of research activity: 

Organization and regulation of milk protein genes 

Head(s) of project: 
J.C. Mercier, Laboratoire de Genetique Biochimique 
L.M. Houdebine, Laboratoire de Physio10gie de 1a Lactation 

Scientific staff: 
P. Gaye, G. Petrissant, J.L. Vi10tte (1st group) 
E. Devinoy, G. Jo1ivet, J.L. Servely (2nd group) 

I. Other research group(s) collaborating actively on this project: 

P. Popescu & E.P. Cribiu, Laboratoire de Cytogenetique, INRA-CNRZ, 78350 
Jouy-en-Josas, France. 

J. Clark, Molecular Biology Unit, A.R.C. Animal Breeding Research Organi
sation, West Mains Road, Edinburgh EH9 3JQ (U.K.) 

J.P. Kraehenbuhl, Institut de Biochimie, Lausanne, Suisse. 
F. Gannon, University College, Galway, Ir1ande. 

II. General objectives of the project: 

The knowledge of the organization and regulation of milk protein genes at the 
molecular level should provide the conceptual basis for further" long-range 
studies dealing with modifications of the structure and functioning of these 
genes. Our objectives are to use the mammary gland for producing in large quan 
ti ties foreign proteins of biological interes t and to improve the die tary value 
of milk (ex: expression of foreign genes fused with the enhancer-promoter
signal peptide nucleotide sequences of a;milk protein gene; lowering the lactose 
content of milk through the antagonis tic action of an antisense a-lactalbumin 
mRNA or the secretionofan exogenous lactase in transgenic animals. 

One possible approach to solve this problem is to fuse milk protein 
gene promoters to the foreign gene and to introduce the chimaeric gene 
into the mammary cell. This implies: 1°) That the hormonal control of 
mil k protei n gene is well known ; 2°) That the promoters of the major 
milk proteins are isolated and that their regulatory sequences are defined 
3°) That transgenic animals harbouring the foreign gene are obtained. To 
address these problems we have choosen the rabbit as a biological model. 
Transgenic rabbits can be obtained but it is clear that rabbit produces 
routi ne 1y not more that 250 m1 mil k per day and that only part of thlS milk can 
be easily collected by experiliB1tation. This technique should be extended later to runinants. 



III. Summary of the main results obtained during the period under contract: 
1st GROUP 

I. METHODOLOGY 
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- construction of ovine and bovine mammary cDNA libraries: Both have been 
constructed from poly(A)+RNAs isolated from lactating mammary tissue, using 
either the nuclease SI step (ovine) or the RNase H-DNA Pol.I method ~ovine) 
ds-cDNA tailed with dCTP have been inserted into the dGMP-tailed PstI site 
of pBR322 and cloned in E. coli. 

- Identification of cDNA clones encoding the six main milk proteins: 
Series of homologous clones carrying predominant cDNAs (strong hybridiza
tion with a ss-cDNA probe generated from total poly(A)+RNA) were characte
rized using successively a ,different predominant cloned ds-cDNA as a probe, 
then identified by positive hybridization-translation of the cognate mRNA 
and subsequent electrophoresis of the irnmunoprecipitated protein. Search for 
a-lactalbumin clones was carried outwith arestriction fragment of guinea-pig 
a-La cDNA (from Dr. R.K.Craig, Courtauld Institute,London). Bovine cDNAclones 
were identified by using radiolabeled ovine cDNAs as probes. 

- Structural studies of ovine milk protein mRNAs and characterization of 
their counterparts from other species: Sizes of ovine mRNAs were determined 
by Northern blotting analysis and their structure analysed by sequencing, acc
ording to Maxam & Gilbert, cloned complementaryDNAs, then the 5' labeled rever
se transcripts formed by elongation of5' cDNAfragment primers hybridized to 
mRNAs. Detection and size estimation of homologous mRNAs from other species 
were carried out byusing the dot blot and Northern procedures, respectively. 

- Screening of bovine genomic DNA libraries: A cosmid bovine library (vec
tor PJBF, from G.deMartynoff& G.J.Van Otmien, Universities of Brussels&Amsterdam) 
has been screened at high density according to Hanahan & Meselson (1980), atfirst 
with ovine cDNAs, then with bovine cDNAs. Two A DNA libraries (Hind III fragments 
cloned in vector A 762 from Dr.P.Sondermeyer,Transgene, Strasbourg; Sau3AI 
fragments cloned in vec tor EMBL 3 from Dr. S. Ruppert, German Cancer Research 
O!inter, Heidelberg) were screened with the same ovineand bovine probes. 

- Chromosomal localization of casein genes by in situ hybridization: 
Metaphase chromosome spreads prepared from ovine lymphocytes stimulated with 
concanavalin A, then treated wi th colchicin, were hybric1ized to ovine [35 S]cDNAs 
(2~4x 108 dpm/Wli); then, metaphase cells randomly selected were karyotyped. 
2. RESULTS 
- Screening of mammary cDNA libraries: The ovinebankcontained cDNAs ran

ging from 800 to IIOObp and the bovine one contained many full-length transcripts. 
Six series of clones carrying cDNAs encodingas l-,as 2-' 8- and K-casein, a-lacto
globulin and a-lactalbumin were selected from both libraries. 

- Structural studies of milk protein mRNAs: The Lengths of ovine and bovine 
as 1-,as 2-, a-, K-casein, ~lactoglobulin and a-lactalbumin mRNAs are in the 
range of 1.2, 1.0,1.25,1.0,0.85 and 0.8kb, respectively, as determined byNor
thern analysis. Six homologous mRNAs of similar sizes were identified in the por
cine species. The complete nucleotide sequences of ovineasl- (1110b), as2-
(1024 b), K-casein (855 b), a-lactoglobulin (785 b) and a-lactalbumin mRNAs 
(720b) have been determined. Intersrecies comparisons of 'lI1-' a s 2- and S-casein 
mRNA sequences have revealed considerable divergence except for the 5' non-co
ding, the signal peptide, the clustered phosphorylation sites and to a lesser 
extent the 3' non-coding regions. The striking conservation of the nucleotide 
sequences of the first two regions strongly suggests that the 5' non-coding 
region and the signal peptide have a functionally optimal conformationallo
wing an 'efficient synthesis and secretion of the relevant caseins. 
Both mRNAs encoding the non allelic forms of OB2-casein were found to differ 
in a deletion of 27 nucleotides. Biochemical experiments and genetic 
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arguments-favor the occurrence of a single gene per haploid genome. The de
leted mRNA may arise from an aberrant splicing of the primary transcript. 
Southern blotting experiments suggest that the 8-lactoglobulin mRNA (cha
racterized by a <rC content >64%) is encoded by a unique gene "Study of f3-lac
toglobulin and caseinmRNAs levels during pregnancy and after cortisol treat
ment indicate an asynchronous accumulation rate, which suggests an indepen
dent regulation of the expression of the 8-lactoglobulin and casein genes. 

- Isolation and structural studies of milk protein genes: K- and as2-
casein clones have been isolated from the bovine Sau3AI A library but only 
4 a-lactalbumin clones selected from the A Hind III library have been com
pletely investigated, The complete nucleotide sequence of the bovine a-lac
talbumin gene (~3 Kb including 750 bp upstream the initiation site of trans
cription) was deduced from the study of 2 clones. It contains 4 exons of 
159, 159, 76 and 326 bp separated by 3 introns of 321, 473 and at least 521bp. 
The 5' region contains an unusual putative Pol.lselector CAAATAAAA (-34), 
a possible recognition site GGCTTGATGCCA (-68) for the nuclear protein 1, 
as well as several short sequences ressembling those reported to be gluco
corticoid or progesterone receptor binding sites in other genes. 
Using ourcDNAs as probes, J. Clark (ABRO) has isolated a s l-, 8-casein and 
8-lactoglobulin clones from his ovine Sau3Al A genomic library. Sequencing 
of the ovine 8-lactoglobulin gene (~4Kb),which contains several introns, 
is near completion. 

- Chromosomal localization of the ovine casein genes: They have been ten
tatively assigned to metacentric chromosome 2 which was consistently labe
led in the same q arm region in many metaphase chromosome spreads examined. 
3. DISCUSSION 
Our objectives have been almost completely attained. The cDNAs encoding 

the 6 main milk proteins are available in both ovine and bovine species, 
and all but one have been sequenced. The relevant genomic clones have been 
isolated and the sequences of two genes have been elucidated. However, 
the tedious and time-consuming in situ hybridization experiments have not 
been completed for lack of staff and time. 
Construction of i)- vectors expressing normal and antisense a-lactalbumin 
mRNAs ii) hybrid genes constaining the enhancer-promoter-signal peptide 
sequences of a milk protein gene, are now possible and this work has alrea
dy started in collaboration with J.Clark's group. 
2nd Group 

I. METHODOLOGY 

- Culture of mammary explants in synthetic medium in the presence of 
hormone. 

- Culture of isolated mammary epithelial cells bound to floating collagen 
in synthetic medium. 

- Radioimmunoassay of rabbit ~-casein. 
- Measurements of mRNAs for aSl-casein, ~-casein and WAP in RNA extracted 

from cultured tissues using the corresponding cDNA probes. 
Transcription of the three genes using isolated nuclei, labelled 

nucleotids and unlabelled cDNA probes. 
- Cloning of cDNA into plasmids. 

Cl oni ng of genomi c fragments in l phage. 
- Sequencing of DNA. 
2. RESULTS 

The hormonal regulation of milk protein genes is complex and experi
ments carried out recentely in vitro with mammary explants or isolated 
epithelial mammary cells cultured on floating collagen have contributed 
to clarify the situation. In rabbit, prolactin alone stimulates casein 
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synthesis and casein mRNA accumulation. This effects of prolactin are 
markede1y amplified by insulin and glucocorticoids which are inactive 
a lone and they are i nhi bi ted by progesterone (Fi g. 1). Insu1 i n exhi bi ted 
its full action only at supraphysio10gica1 concentrations (500-5000 ng/m1). 
This suggests that in vivo, the effect observed with insulin in vitro is 
mediated, at least in part, by another hormone. Insulin is known to occupy 
IGF1 receptor when added to cells at high concentrations. IGFl proved to 
be unable to promote casein gene expression in the presence of prolactin 
and in theabsence of insulin. The real meaning of insulin action remains 
an enigma. 

The mammary cell has receptors for gl uco- and mi nera 1 ocorti coi ds. 
Various synthetic pure mineralo or glucocorticoids and several specific 
inhibitors of these steroids have been used in the presence of prolactin 
but in the absence of insulin. These experiments have led to conclude that 
glucocorticoids but not mineralocorticoids are responsible for amplifica
tion of milk protein gene expression. 

Progesterone is known to i nhi bit 1 actogenesi sin vi vo. Confl i cti ng 
results have been obtained in vitro. Progesterone in vitro appears to be 
poorly inhibitory and only at supraphysio10gica1 concentration. Various 
hormona 1 combi nati ons have been used with progesterone and its syntheti c 
analogue R-5020. Progesterone proved to inhibit prolactin action essen
tially in the absence of glucocorticoids and insulin. More generally, 
progesterone exhibited no more inhibitory action when the stimulation of 
casein gene expression by lactogenic hormones had reached a high level 
(Fig. 2). Hence, progesterone acts directe1y on the mammary cells at phy
siological concentration but its inhibitory action is of limited potency. 

The cDNA of three major rabbit milk proteins have been used for this 
study: aS1-casein, ~-casein and WAP (whey acid protein). The three genes 
have essentially the same hormonal regulation. In all physiological situa
tions, aS1 -casein mRNA is the most and WAP mRNA the least abundant. This 
correspond to the proporti on of these protei ns in rabbit mil k (Fi g. 1). 
Interestingly, in vitro transcription of nuclei isolated from the mammary 
gland of a lactating rabbit indicated that transcription of these three 
genes is roughly proportionna1 to the concentration of the corresponding 
mRNAs. The three genes may therefore be considered as essentially equiva
lent and their promoters can be potentially used to direct the expression 
of a foreign gene. 

The cDNA of the three above mentioned genes have been initially iso
lated in J.P. Kraehenbuh1 laboratory. Full-length cDNAs have been isolated 
from another cDNA bank using the initial cDNAs provided by J.P. Kraehenbuh1 
These cDNAs have been identified and used to isolate genomic cDNA fragments 
clone in Xphage. Clones containing aS1-casein, ~-casein and WAP genes have 
been isolated (Fig. 3). A restriction map of aS1 -casein gene has been 
established. This gene contains several introns which represents about 
80 % of the gene. The sequence of 320 nuc 1 eot ides in the upstream of 
the CAP site of ~-casein gene, have been determined (Fig. 4). This sequence 
is probably to short to contai n all the regu1 atory sequences. Repeated 
screeni ng of the bank di d not allow to i so 1 ate clones wi th longer DNA 
sequences in the upstream of the CAP site. Another bank should therefore 
be used. A DNA fragment contai ni ng a part of the WAP gene and along 
sequence of its upstream region has also been isolated from a Aphage. 
3. DISCUSSION 

The expression of milk protein genes is controlled by different hor
mones. It is not known if each hormone delivers a specific message to gene 
promoters or if it is rather the intensity of the prolactin message which 
is modulated at the cellular level through mechanisms which remains to be 
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defined. Whatever mechan~sm is involved, regulatory sequences in promoters 
are expected to be complex and spread along a long stretch of DNA. Another 
aspect of the regulation of casein gene expression should also be taken 
into account. A control of mRNA stabH Hy by hormones seems to play a 
major role in the accumulation of casein mRNA. Sequences possibly involved 
in the stabiHsation of casein mRNA should be identified and added to 
constructions containing the foreign' genes to be expressed in mammary 
gland. 

This work is being pursued in three directions : 
1°) To define the cellular and molecular mechanisms which are involved 

in the hormonal control of mHk protein gene expression. 
2°) To define the regulatory sequence of the genes. 
3°) To obtain transgenic rabbits. 
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.Q.9.. 1 - Effect of various hormonal combination on the accumulation of 
as -casein, ~-casein and WAP mRNA. Rabbit mammary explants were cultured 
for 2 days in the presence of hormones and mRNA concentrations were esti
mated using corresponding labelled cDNA prQbes.Results.are the mean~Df 
three independant cultures. PRL: prolactln; C : cortlsol ;1 : lnSUlln 
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~ 2 - Effect of prog:!sterooe on the ird.ction of ~asein accurulation in rabbit 
incmnarY explants. ~ s~ls : prolectin with or without insulin and cortisol. Closed 
~1 Ii • the lianl! Renoonal- coot>1Rat19Rs,M·*-the~EHlf-progesterore. 
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fS-clSein and WAP genes cloned in >. phage 
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Size of frognent ~ kb 

Cloning the.5'.:end of the roll!!lJ_',j~ ___ = 

Fig- ~ (Suite) - Restriction map of r~bbit asl-casein, 
~-casein and WAP genes cloned ln A phage 

-320 

TCATGC CTCCCTAGGA CCCAAAAGAA ACCTAATAGT 
CTTAAGTACG GAGGGATCCT GGGTTTTCTT TGGATTATCA 

GCTCACATTA GTCATCTTGG AGACTAGGCT GGAGCACCAC TCTTCTCCAG CCATTGTGTT 
CGAGTGTAAT CAGTAGAACC TCTGATCCGA CCTCGTGGTG AGAAGAGGTC GGTAACACAA 

~Hae III 

TATTATTGGG CAATTCATTT CCTGGACACA TTTCCTTTAT AGGCCTATGA ATTACTGCCT 
ATAATAACCC GTTAAGTAAA GGACCTGTGT AAAGGAAATA TCCGGATACT TAATGACGGA 

TGTCTCAATG CTCCCCAGAA TTTCTGGGGA AAGATAATGA GTAGAAATCA TTTTCTAATC 
ACAGAGTTAC GAGGGGTCTT AAAGACCCCT TTCTATTACT CATCTTTAGT AAAAGATTAG 

-80 ~Taq I -54 

ATATGGAGTT GCTTGGAATT GAAACTCAAA ATCGATTTTT TTTTTCAAAC CACAAAATTA 
TATACCTCAA CGAACCTTAA CTTTGAGTTT TAGCTAAAAA AAAAAGTTTG 6TGTTTTAAT 

-28 Alul 

GCATGTCATT AAATGCAG~GCATC CCCAAAAGCA 6AGAA 
CGTACAGTAA TTTACGTCAT ATATTC6TAG GGGTTTTCGT CTCTT,,<!!:!~=== 

+50 

CATTTTCACT TCTTGTCCTC CACGCTT6GA ATAAA TAA 6 
GTAAAAGTGA AGAACAGGAG GTGCGAACCT TATTT CATT CTTAA 

Fig. ~ - Primary sequences of the upstream region 
of rabblt ~-c.sein gene 
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V. Research lines which proved to be unsuccessful: 
Construction of a cDNA iibrary, using the 6kayama & Berg's cloning vectors 
pSV7186 and pSV1932, was unsuccessful. 
Screening of the cosmid bovine genomic library (PJBF vector) with both ovine 
and bovine cDNAs was a dead failure. 

2nd Group 

An essential point in the understanding of the mechanism of action 
of prolactin is to determine the molecular events which participate in 
the transfer of the hormonal message from the receptor to genes. In the 
initial project was planed to characterize the prolactin second messenger 
which was supposed to be identified. Soon after the beginning of the 
contract it appeared that the data which had led to the identification 
of prolactin second messenger could be obtained repeatedely by only one 
member of the laboratory. These experiments have therefore been abandonned. 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

1 s t Group: None 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects): 
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Title of research activity: 

Research to create, fran an avian virus, a vector for gene transfer in 
birds. 

Head(s) of project: 
Prof. V.M.NI<rN, University of Lyons I, F-69622, Villeurbarme-Ce<lex 
Dr P.MCNGIN, INRA, Nouzilly, F-37380, Monnaie 

Scientific staff: 

J.SAMARUT, 
P.SAVATIER, 
F.axIDERT. 

G.VERDIER, J.H.XIAO, F.FLAMANT, 
F.~, P.'IHORAVAL, C.FAURE, 

M.BENClIAIBI, D.PCNCET, 
P.IANGLOIS, G.DAMBRINE, 

I. Other research group(s) collaborating actively on this project: 

II. General objectives of the project: 

Development of a gene transfer technology using Avian Erythroblastosis 
Virus (AEV) as a vehicle for gene transfer into chicken. This retrovirus 
is defective for viral replication protein synthesis,therefore, helper 
virus is required to recover virions. Wild type AEV contains two oncogenes 
v-erbA and v-erbB. The idea is 1) to remove the oncogenic sequences and 
replace them by genes of interest in order to use these deleted viruses 
to transfer new genetic informations into the germ line of host animals; 
2) to construct a helper free system which prevent any virus dissemination 
and viraemia in the host animals. 
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III. Surcmary of the main results obtained during the period under 
contract: 

~t of the transgenic mice which have been produced until now derive 
fran DNA injection into egg nucleus;· however, sane of them have been 
obtained through infection of embryo by retroviruses. In birds the access 
to egg nuclei awears particularly difficult. Therefore, the technique 
using viral infection seems to be especially pranising for gene transfer. 
With this prospect in mind, we are trying to use the avian 
erythroblastosis virus (AEV) as a gene transfer vector. 

The proviral form of this virus (AEV ES4) is presented in fig.1. The 
virus carries two oncogenes, respectively erlJ.l>. and erbB. It produces a 
full transcript, as genanic RNA, and a subgenanic RNA in which the erlJ.l>. 
sequence has been spliced out. 

The genanic RNA is used : 
- for packaging into virions; 
- for tranlation of the erlJ.l>. gene; 

The subgenanic RNA is the template for expression of the erbB 
protein. 

This virus is a defective one, lacking the genes for viral proteins 
and reverse transcriptase. Therefore, its multiplication requires 
coinfection with a helper virus providing the genes for these structures. 

AEV is able to infect different types of chicken cells in vivo and in 
vitro. Among the infected cells, erythroblasts and fibroblasts, at least, 
are induced into neoplastic transformation. 

The full prospect of the project may be divided in different parts: 

a/ To introduce in the virus genane awropriate changes, among them 
deletion of the oncogenes and insertion of foreign genes whose conditions 
of transmission and expression are to be examined. This part of the work 
should lead to the ~ction of vectors. 

b/ To examine the requirements which may lead to the insertion of 
proviral sequences into the chicken germ cell line. 

c/ To obtain a chicken helper cell line able to produce helper free 
vectors at high titers. Such a preparation would allow infestating cells 
and artimals ·without inducing continuous production of virus. 

This paper reports the main results we obtained on points a and b. In 
the absence of the helper cell line, all the experiments have been done 
with the assistance of a helper virus. Production of a helper cell line is 
underwaysand preliminary results will be presented. 
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Fig.1 • Proviral clones of wild type AEV (= AEV - ES4) and different 
vectors produced during the course of this work. Heavy lines represent 
provirus DNA. Thin lines represent transcribed RNAs (genanic and 
subgenanic). The dotted lines represent splicing process giving subgenamic 
RNAs (SD = splice donor; SA = splice acceptor). 
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Manipulation of a retroviral vector implies three successive steps: 

1 • Constructions of vector virus genanes were perfonned on proviral 
rnA clones using standard recanbination techniques or directed 
mutagenesis. 

2. The vector clone mA, mixed with a helper clone mA, were used to 
cotransfect awropriate cell cultures. Sane of the treated cells integrate 
the provirus DNA in their chranosanal DNA. These cells produce then 
infectious viruses containing the manipulated vector, under RNA fonn. 

3. The virions were used to infect new cells or animals, taken as 
receivers for the gene· transfer. 

To examine possible integration of vectors in the germ cell line, we 
decided to infect very young embryos. By this way, we hoped to obtain 
integration of the vectors in primordial germ cells. This would result in 
producing clones of transfered germ cells, each clone resulting fran one 
single integration event. The properties, induced by gene transfer, should 
then be examined in the generation issued fran the treated one. All these 
experiments were done on a Golden Leghorn strain which was eradicated for 
leukosis and whose endogenous virus structures may be distinguished, in 
restriction enzyme diagrams, fran the sequences we hope to introduce. 

As helper system, we used RAV-1 or RAV-2. 

RESULTS. 

1. Construction and properties of vectors. 

We have produced IOOre than 15 different fonns of vectors; sane of 
them are shown on fig.1. In each of these vectors, either one or two of 
the oncogenes have been deleted and replaced. by other genes. One of the 
replacing gene can be the gene NeeR which confers to the transfonned cells 
resistance to the toxin geneticin. Another replacing gene has been one of 
the human globin genes. We will examine further two examples only. 

In the vector pXJ1, the Nee gene has been introduced in place of the 
erbB gene, the erbA gene being kept. In a first construction, there have 
been three AUG upstream of the coding sequence, in different reading 
frames. As this structure might reduce the translation efficiency, they 
were replaced. by one single AUG inchded in a NdeI site. This AUG is in 
the same reading frame as the normal AUG of the subgenanic RNA. This last 
vector is then named pXJ12. 

In another vector, pTSN delta, the Nee gene has been introduced in 
place of the erbA gene and a delta globin gene in place of the erbB gene. 
Upstream of the Nee coding sequence, there remain two extra AUG. 
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TABLE I 

Production of geneticin resistant colonies from chicken fibroblast 
treated either by transfection or by infection. 

For 
su1:mitted 
One day 
ug/ml) • 

the transfection step, cultivated chicken fibroblasts have been 
to transfection by respectively pXJ12 or pTSNdelta (4 ug/cult). 

after transfection, the culture were treated with geneticin (200 

For the infection step, the supernatant of transfected cultures was 
used, either undiluted or diluted 1/1000, to infect chicken embryo 
fibroblasts in culture. 

_____________________________________________________________________________ 1 

, I 

P XJ12 P TSN DELTA 

-------------------------; -------------------------------------------------: 
TRANSfECTION STEP 

ON 8 x lOS CELL/CULT. 

AfTER 10 DAYS 

AfTER 2 WEEKS 

SO fOCI/CULT. 

CONfLUENT CULT. 

, I 

1 TO 10 fOCI/CULT. 

1 fOCUS/CULT. 

_________________________ : ___________________________________________________ 1 

, I 

INfECTION STEP SUPERNAT ANT SUPERNATANT 

ON S x 106 CELL/CULT. UNDILUTED DIL 1 /1000 UNDILUTED 

I I 
AfTER 10 DAYS CONfLUENT SO-100 fOCI NUMEROUS fOCI 

------------------------ -------------------------------------------------: 
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The vector clones pXJ12 and pTSN delta have been transfected on 
chicken fibroblast cultures, in association with helper RAV-1 mAo In each 
case, insertion of the vector in cell mA allowed the production of cell 
lines resistant to geneticin. But, as shown in Table I, the efficiency of 
the transformation is clearly different according to the vector used. We 
carne to the conclusion that these differences pertain mainly to the 
influence of the Nee gene structure. Deleting erbll. sequence and delta 
sequence, fran pXJ12 and pTSNdelta respectively, did not change their 
efficiencies to induce development of geneticin resistant clones. 
Therefore the 5' flanking" part of the Nee gene, which is quite different 
in the two vectors, may probably introduce differences in the translation 
efficiency of their RNAs. 

2. Infection of embryos. 

Virus suspensions have been injected underneath the anterior part of 
the opaque area fran one-day embryos. This procedure led to a very high 
mortality: approximately 40% of the treated embryos died within the 
following \Neek and only 10% survived at hatching time. Until now, none of 
the treated embryos could survive until reprcx:luctive maturity. 

Mock-injections demonstrated that the major part of this mortality 
was the consequence of mechanical ~nJuries. However, different 
observations show that part of the late mortality was due to helper 
virus: 

- after treabnent with RAV-1 helper alone, a high incidence of 
hemorrhages was observed at the end of incubation. This was not observed 
in mock - inj ected embryos. 

- among the chicken which hatched, most died within 3-4 months, 
either fran leukosis or fran other disease presumably induced by the 
helper virus. 

At each stage, more than 90% of the surviving subjects showed. virus 
prcxiuction by Elisa test or RNA analysis. The most pertinent results were 
obtained fran mA analysis. After appropriate restriction enzyme digestion 
and electrop,.oresis, Southern blots were treated with radioactive probes. 
The Pol probe was used to detect endogenous and integrated helper 
proviruses; the Nee probe to demonstrate the integration of vector 
proviruses. 

- Analyses of DNAs fran 8-day embryos revealed endogenous sequences 
as well as helper provirus (fig. 2a). Betli\1een the different embryos, the 
intensities of the bands of endogenous proviruses were very similar. 
Conversely, the intensities of exogenous helper proviruses showed. 
noticeable variations. Using the endogenous bands as reference, the mEian 
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Fig.2a. DNAs were extracted fran 8th day embryos. After digestion 
with Eco RI, electrophoresis and Southern blotting, filters are hybridized 
with the radioactive Pol probe and autoradiographed. 
Tenoin: non infected embryo. 
Lanes 1 to 9: embryos infected at one-day with RAV-1. 

The 3.9 kb band is caracteric for the helper; ev= endoviral bands; 
dp= partial digestion. 

2 3 4 5 6 7 8 9 Temoin 

ctp-ev- _ • -.. --
3,9kb_ -- -~ ....... -

Fig.2b. DNAs were extracted fran different organs of one-day old 
chickens. After digestion with Bgl II, electrophoresis and Southern 
blotting, the filters are hybridized with the radioactive Neo probe. The 
1.2 kb band is caracteristic for the vector used (AEV XJ1, see fig.1). 
g1, f1, c1, m1: chicken Nr 1 (g:gonads; f:liver; c:brain; m:muscle). 
c2, m2: chicken Nr 2. 
c3, m3: chicken Nr 3. 
m4: chicken Nr 4. 
t: total rnA fran a non infested chicken. 
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frequency of exogenous proviruses was estimated to be 0.01 to 1 per cell. 
Using the Neo gene probe, the mean frequency of vectors has been estimated 
as 0.01 per cell. It appears then that, in the embryo, the spreading of 
helper occurs faster than that of the vector. So we may anticipate that 
the first rotmd of integrations, occurring imnediately after infection, 
may produce the highest proportion of vector to helper integration. 

- 00As have been obtained fran different organs of one-day old 
chickens (fig.2b). It can be seen that the frequency of vectors varies 
largely between the different organs. The highest frequency was observed 
in the gonads. This might result fran infection starting in the forehead 
area where the primordial germ cells are known to be concentrated, at a 
manent where the proportion vector to helper is the highest. 

3. Production of chicken helper cell lines. 

Until now, there seems to exist no permanent chicken cell line 
without neoplastic origin. As the production of a chicken helper cell line 
might be a rather heavy process, a condition of success YoQuld probably 
rely upon preliminary obtention of a chicken cell line able to undergo 
long term proliferation. Previous observations led us to the conclusion 
that, among -the tYoQ oncogens of AFN, the erbB gene is a transforming gene, 
whereas erb/l. might stimulate cell proliferation • 
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Fig.3. Growth curves of 
chicken embryo fibroblasts 
infected with different 
viruses . The cells were 
grown in medium containing 
0.5% of fetal calf serum. 

Tb analyze this hypothesis, the pXJ15 vector has been produced fran 
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pXJ12 by deletion of 500 nucleotides within the erbA gene. Fibroblast 
cultures have been infected with different virions: AIN, XJ12 and XJ15. 
The cultures have been maintained respectively in nonnal chicken medium 
(with 6% foetal calf serum) or in medium with only 0,5% FCS. Fig.3 
illustrates that, in medium containing 0.5% FCS, after IOOre than 5 weeks, 
the cells treated with AIN or XJ12 show continuous and regular growth, 
whereas all the other cells stopped growing and died. Cytological and 
biochemical analyses of the cells infected with XJ12 suggest that these 
cells did not undergo neoplastic transfonnation. Expression of the erbA 
gene in the chicken cells may be one way to develop long teI1Tl cultures of 
non neoplastic cells. 

DISaJSSICN AND CXNCWSICNS. 

The present results denonstrate that AIN may actually be used as a 
vector to carry two independant genes. Expression of these genes seems to 
depend essentially on the structures governing the translation process. 
Optimization of the vector are presently underway by introducing changes 
in the AUG structure which govern expression of genes inserted in place of 
erbA. 

After mixed (i.e. helper + vector) infection, the highest 
multiplication rate occurs for the helper, leading to canpetition between 
helper and vector viruses. Together with the pathogenic effects of the 
helper, it then appears that the future of this technique relies mainly on 
the production of helper cell lines, to produce helper free vector 
viruses. 

Introduction of the erbA gene by an appropriate vector may provide 
the means to obtain "iIIInortalized" clones of chicken fibroblasts, similar 
to those which have been produced fran manmals using the early genes of 
papovaviruses for example. This observation may then open the way to 
produce chicken helper cell lines. Using helper free viruses to infect 
embryos may allow the survival of sane treated animals until sexual 
maturity. 

()}e-day chicken embryo have been massively infected in the area of 
primordial geI1Tl cells. Examination of the J:NAs fran different organs of 
one day old chickens showed the highest level of vector integration in the 
gonads. This observation does not allow to definitely conclude that 
primary integration occurred mostly in priIOOrdial geI1Tl cells. However, 
such a conclusion would appear as a logical explanation of this result. It 
appears then that the infection way we used may be pranising in the hope 
to obtain vector integration into reproductive cells. 
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V. Research lines which proved to be unsuccessful: 

Vectors constructed for gene transfer in marrmals cannot be used to 
transfer genes in fowl cells. Birds seem to require a specific set of 
vector I s structures different, on sane {Xlints, fran those which appear 
successful in mammalian cells. 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

Discovery that the erbA gene is endowed with irmnortalizing functions. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects) : 

Close relationships have been established with industries (Rhone-Merieux 
and Sanofi) for developnent research and exploitation as soon as 
{Xlssible. 
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Title of research activity: 

Production of a vaccine for foot-and-mouth disease virus using recombi
nant DNA containing micro-organisms, as a model for the production of 
veterinary vaccines. 

Head(s) of project: 
Dr. P.R. Pouwels 

Scientific staff: 
Dr. B.E. Enger-Valk 
M. Broekhuijsen 
T. Blom 

I. Other research group(s) collaborating actively on this project: 

S. Barteling 
Central Institute for Veterinary Research, Lelystad. 

II. General objectives of the project: 

The goal of the project is the development of a subunit vaccine against 
FMDV using recombinant DNA techniques. The approach includes the syn
thesis in E. coli bacteria of proteins that contain antigenic determi
nants of FMDV (type 01,BFS) and which are capable to induce neutrali
zing antibodies against the virus. 
The approach includes the following objectives: 
1. Cloning of the VP1 sequence of FMDV type 01,BFS in E. coli plas

mids. 
2. Sequencing of the VP1 gene necessary for subcloning of the antige

nic determinants of FMDV. 
3. Construction of expression plasmids for E. coli that encode fusion 

proteins comprising antigenic determinants of FMDV fused to E. 
coli proteins. 

4. Analysis of the proteins for their antigenic and immunogenic pro
perties. 
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III. Summary of the main results obtained during the period under contract: 

Introduction 
As stated in the original proposal, the major antigenic site(s) respon
sible for the immunogenicity of FMDV map on the VP1 protein. Both VP1 
purified from the virus as well as VP1 produced by recombinant DNA tech
niques can induce neutralizing antibodies, albeit less efficiently than 
the virus particle itself. This low efficiency presumably reflects a 
different conformational state adopted by the isolated VP1 protein, 
which makes this molecule less suitable for use as a sub-unit vaccine. 
When synthetic peptides containing amino acid sequences from VP1 (amino 
acids 141-160 or 200-213) were coupled to a protein carrier and injec
ted into animals, both regions elicited neutralizing antibodies, the 
C-terminal end (200-213 region) being less efficient. As observed for 
VP1, also the immunogenic activity of the synthetic peptide(s) is less 
(100-1000 fold) than that of an equivalent amount of virus particles 
and only a proportion of the antibodies are able to recognize virus 
particles. Therefore it seems very important to search for ways to in
crease the immunogenicity of such a peptide. 
Since an unfavourable folding of the peptide could explain its low 
immunogenicity, one of the approaches to this goal would be to 
synthesize proteins carrying the antigenic determinant of FMDV folded 
into a different manner, such that the FMDV amino acids can be 
recognized in a proper way by the immune system. 
Methodology 
Synthesis of FMDV-DNA, cloning of the FMDV-VP1 sequence and construc
tion of the expression plasmids were performed in E. coli bacteria 
(strain JA221) using standard recombinant DNA techniques. For synthesis 
of the fusion proteins p71/p72/p74/p78/p80 and p51/p52 we have used E. 
coli strains JM101 and AB1157, respectively. For the control of the 
expression of the different proteins we have used the ~-promoter 
(protein p71,p72,p74 and p78) , the lacUV5 promoter (protein p80) and 
the phoE promoter(protein pSI and p5~ Analysis of expression of dif
ferent proteins was determined on PAA gels by staining-with coomassie 
blue or by using the Western immunoblotting assay. Antibodies against 
B-galactosidase (made in MBL), against PhoE (from Dr. J. Tommassen), or 
against FMDV (from Drs. S. Barteling) were used. For immunization expe
riments rabbits were injected 2-3 times with different amounts (50-500 
pg) of partially purified proteins. Serum was analysed for the presence 
of antibodies against the protein itself using the Western-blot proce
dure, against FMDV in an ELISA procedure with whole virus particles and 
for the presence of neutralizing antibodies by measuring 100 % plaque 
reduction in a M(icro) N(eutralizing) T(est). 
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Results 
The VPl region of FMDY was obtained by cloning of overlapping cDNA 
fragments which were generated by digestion of total, double-stranded 
cDNA. Sequence analysis of the VPl region showed some minor differences 
with published sequence of FMDV type 01,K and 01,BFS. For synthesis of 
VPl fusion proteins, the 141-160 and 200-213 amino acid regions of VPl 
were fused with E. coli proteins. As E. coli proteins we have chosen 
the large protein a-galactosidase (encoded by the lacZ gene), and the 
outer-membrane protein 'PhoE (encoded by the E!!£E gene), so that the 
lacZ protein, and E. coli bacteria, respectively, can function as car
riers for the FMDV antigenic determinants. Seven expression plasmids 
were constructed which all encode considerable levels of fusion pro
teins. 
The lacZ fusion proteins p71, p72, p74 and p7S, containing the 141-160 
amino-icid region tandemly arranged in 1, 2, 4, and S copies, respecti
vely and protein pSO containing the 141-213 amino acid region, are syn
thesized at a level of 5-10% of the total protein. However, the fusion 
proteins are degraded to a protein of approximately the size of a-ga
lactosidase, in particular after prolonged incubation under condition 
of induction of the promoter. Sufficient quantities of the lacZ fusion 
proteins can be isolated from cells collected shortly after-Induction 
of the promoter. Protein pSO appears to be insoluble, whereas the pro
teins p71, p72, p74 and p7S are soluble. The PhoE proteins pSl,pS2 con
taining the 141-160 amino acid region in 1 and 2 copies, respectively, 
are synthesized in large quantities (10%) without detectable degrada
tion. 
On Western blots the increase in reaction of the different proteins 
with antibodies specific for the FMDV sequence confirms the presence of 
multiple copies of the 141-160 amino acid region in p72, p74, p7S and 
pS2. In addition, ELISA experiments with neutralizing 140S antibodies 
showed that each determinant is exposed on the surface of the proteins 
under non-denaturing conditions. 
During last year immunization experiments in rabbits with the different 
proteins were performed. The membrane-associated proteins pSl/pS2 were 
analysed for their immunogenicity by injecting membrane fractions which 
contain pSI or pS2 with a purity of 50%. However, antibodies reacting 
with FMDV could not be detected in serum of these animals. Although 
earlier experiments indicated that pSI and pS2 are associated with the 
membrane (inner or outer membrane) of E. coli bacteria, recent results 
using elctronmicroscopic techniques show that these proteins are not 
located in the outer membrane. Therefore, immunization experiments with 
complete bacteria containing pSI or pS2 were not performed. 
Sera of rabbits injected with a partially purified, insoluble pSO pro
tein preparation also does not contain FMDV-specific antibodies. Inso
lubility of pSO can explain these results, however, additional immuni
zation experiments also show that the pSO preparation contains an immu
no-dominant protein. 
For synthesis of a lacZ fusion protein that contains both antigenic 
regions of FMDV but which is not insoluble, we have constructed a new 
expression plasmid pMOl-SI. This plasmid contains only the two antige
nic regions fused to the lacZ sequence that is, in contrary to pMOl-S0 
(encoding pSO) , no additional VPl and FMDV sequences are included in 
the plasmid. The protein pSI seems to be soluble and reacts under dena
tured conditions with antibodies against both determinants • 
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The results of the antisera analysis of immunization experiments with 
partially purified, soluble proteins p71, p72, p74 and p78 lead to the 
conclusions that 1) these proteins induce antibodies reacting with the 
VP1 amino acid region 141-160, 2) the presence of impurities in the 
protein preparations decreases the efficiency of inducing antibodies 
specific for FMDV 3) despite the lower purity of the p74 and p78 prepa
rations (as compared to the p71 protein), these two proteins induce the 
FMDV antibodies more efficiently than p71, 4) the proteins elicit, al
beit with different efficiencies, antibodies specific for the carrier 
part (lacZ of the fusion protein). 
These results with the proteins p71-p78 indicate that for a real compa
rison of immunogenicity of the different proteins, a purification pro
cedure resulting in highly purified proteins is a requirement. An affi
nity co1umm procedure was set up during the last year for the purifica
tion of large quantities (2-4 mg) of the fusion proteins p71, p72, p74, 
p78 and p81. Sofar, only protein p78 could not be purified because of 
degradation of the protein. Other expression and/or purification sys
tems will be app1icated in order to purify enough of protein p78. The 
other proteins are being analysed for their neutralizing and protective 
capacity in animals. 
Discussion 
The necessity to clone a large genomic sequence and the presence of 
apparent stop-signals for reserve transcriptase in this FMDV-DNA have 
forced us to develop a modification of the cDNA cloning procedures. The 
modifications involve a cDNA synthesis which starts at different sites 
and cloning of overlapping cDNA fragments. 
E. coli bacteria seem to be suitable for the synthesis of VP1 fusion 
proteins and for most proteins sufficiently high amounts of the puri
fied proteins can be isolated for analysis of the immunogenic proper
ties. 
For the synthesis of VP1-PhoE fusion proteins that are to be transpor
ted to the outer-membrane, p1asmids are being constructed that encode 
proteins with smaller regions of the 141-160 antigenic determinant at 
sites in the PhoE protein which are at the surface of bacteria. 
In order to answer the question whether the a-galactosidase fusion pro
teins are good immunogens and whether the presence of multiple copies 
of the determinant in the same protein enhances the immunogenicity, a 
comparison with highly purified proteins is necessary and will be per
formed in the near future. 
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Synthesis of fusion proteins containing antigenic determinants of 
foot and mouth disease virus. Broekhuijsen, M.P., Blom, T., Kot
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Enger-Valk, B.E. 
Vaccine, 1986, in press. 
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Blom, T., Kottenhagen, M., Kuijvenhoven, A., v.d. Hondel, 
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1984. 
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nants of foot and mouth disease (FMDV) virus. Enger-Valk, B.E., 
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Blom, T., Kottenhagen, M., Pouwels, P.H., Barteling, S.J., Meloen, 
R.H. and Enger-Valk, B.E. 
Poster/Short Communication at the Lunteren Lectures on Molecular 
Genetics: Strategies in Vaccine Development, Lunteren, 1984. 
Cloning and expression in E.coli of sequences containing antigenic 
determinants of foot and mouth disease virus. Broekhuijsen, M.P., 
Blom, T., Kottenhagen, M., Pouwels, P.H., Barteling, S.J., Meloen, 
R.H. and Enger-Valk, B.E. 
Poster/Short Communication at CEC meeting on Biomolecular Enginee
ring for animal husbandry, Rijswijk, 1984. 
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Synthesis of fusion proteins containing multiple antigenic determi
nants of foot and mouth disease virus. Broekhuijsen, M.P., Blom, 
T., Pouwels, P.H., Barteling, S.J. and Enger-Valk, B.E. 
Poster Fourth Meeting of the European Group on Molecular Biology 
of Picornaviruses, Seillac, 1985. 
Vaccines, foot- and mouth disease virus. Enger-Valk, B.E., Broek
huijsen, M.P., Blom, T., Pouwels, P.H. and Barteling, S.J. 
Poster at CEC meeting Information Market and Innovation, Geneva, 
1985. 
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at CEC-meeting on Biomolecular Engineering for animal husbandry, 
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V. Research lines which proved to be unsuccessful: 

Cloning of full-length cDNA with dC/dG tailing. 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

Initially it was planned to express the complete VPl protein in E. 
coli. Because of results of other groups, this approach did not seem to 
be significant anymore. 
The necessity to immunize with highly purified proteins was not expec
ted, but for the progress of the project it was necessary to spend a 
considerable time on procedures to obtain purified proteins. 
The appearance of immunodominance has influenced research lines in 
other projects. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects) : 



BIOMOLECULAR ENGINEERING PROGRAMME 
Final Report 

Contractor : Contract no. : 

Bundesforschungsanstalt 
fUr Viruskrankheiten der Tiere 
Paul-Ehrlich-Strasse 28 
D - 7400 TUBINGEN 

Head(s) of research team(s): 

Dr. H.J. RZIHA 
Institut fUr Impfstoffe 
Bundesforschungsanstalt 
fUr Viruskrankheiten der Tiere 
Paul-Ehrlich-Strasse 28 
D - 7400 TUBINGEN 

Telephone number: (07071) 603-324. 603-213 

Telex number: 707131 = BFAVTue 

Title of the research activity: 

GBI-2-056-D 

425 

Development of a nucleic acid-free Pseudorabies virus vaccine with 
biomolecular engineering methods. 

Key words: 

Herpes suid 1. pseudorabies virus. viral glycoproteins. DNA-cloning. gene 
mapping. DNA-sequencing. eDNA-cloning. 

Reporting period: 
April 1983 - March 1986 



426 

Title of research activity: 

Development of a nucleic acid-free Pseudorabies virus vaccine with 
biomolecular engineering methods. 

Head(s) of project: 

Scientific staff: 

Dr. Hanns-Joachim Rziha 

Dr. T. C. Mettenleiter, Dr. N. Lukacs, 
Dr. H.-J. Thiel, C. Schreurs, A. Simon 

I. Other research group(s) collaborating actively on this project: 

(1) Intervet Int., Boxmeer, The Netherlands. 
(2) Since recent times: Dr. J. van Oirschot, CDI, Lelystad, 

The Netherlands. 

II. General objectives of the project: 

Pseudorabies virus (PRV; herpes suid 1) infection is of significant 
economic importance for animal husbandry, and there is still need for 
potent and better characterized vaccines against PRV. Because of lack 
of any detailed information on immunogenic properties and genomic 
organization of the major glycoproteins of PRY at the beginning of 
this project, we focussed on: (1) identification and characterization of 
the major glycoproteins (gp); (2) their role in viral virulence and 
immunogenicity; (3) mapping and sequencing of the gp-genes; (4) 
determination of gp-specific transcripts. cDNA-cloning of specific 
mRNA and establishment of expression systems should be initiated. 



III. Summary of the main results obtained during the period under contract: 

1. METHbOOLOGY 
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Production of monoclonal antibodies (MCA) was achieved using 
purified PRY virions. Antibody secreting hybridomas were screened 
by ELISA and further characterized by (i) immunoprecipitation of 
radioactive labeled virus or virus-infected Iysates and 50S-PAGE, 
(ij) Western blotting. 

Major glycoproteins (g~) of PRY could be identified after surface 
labeling of virions with Na 25J or radioimmunoprecipitation and 505-
PAGE of glucosamine-Iabeled virions. Further characterization of the 
gp was achieved by pulse-chase experiments, peptide mapping by 
limited proteolysis, and inhibition of gp-processing with monensin. 

Polyclonal antisera specific for single gp1s were prepared in 
rabbits after isolation of gp by combined ConA-chromatography and 
preparative gel electrophoresis. 

Precursor polypeptides of the major PRY gp1s were identified 
after in vitro translation of oligo (dT)-cycled viral RNA and immuno
precipitation with MCA or polyclonal gp-specific antisera. 

Gene mapping was accomplished by hybrid-selection of PRY 
mRNA on cloned viral DNA fragments followed by in vitro translation 
of the selected RNA. Specific translational products were recognized 
after precipitation with MCA or polyclonal antiserum and SDS-PAGE. 
Hybrid-selected RNA was also used for cDNA-synthesis, both after 
oligo(dT)- and random priming. 

gp-'specific mRNA was identified by Northern blot hybridization 
using cloned PRY DNA fragments. . 

DNA sequencing was performed by the chain termination method 
after subcloning gp-gene containing DNA fragments into M13 p~age. 

Double-stranded (ds) cDNA was synthesized on poly(A )-RNA 
isolated from virus-infected cells. First strand synthesis was done 
with reverse transcriptase, and second strand synthesis was achieved 
with RNaseH, DNA polymerase and T4-Polymerase. Terminale 
transferase was used for dC-tailing of ds cDNA and for dG-tailing of 
Pst I-cleaved plasmid D~A. After annealing of tailed ds cDNA and 
tailed plasmid DNA, recA E. coli host cells were transformed and PRV
specific recombinants were identified by filter colony hybridization. 
Characterization of the cDNA inserts was performed by Southern 
blotting. The role of PRY major gp1s in virus neutralization was 
tested in vitro by plaque-reduction assays of PRY using the panel of 
MCA. In vivo rotection experiments were performed in mice passively 
immunized intraperitoneally) with diluted ascites fluid of MCA prior 
to PRY challenge infection (intramuscularly). For epitope mapping of 
gp the available MCA were tested in ELISA competition assays. 

RESULTS 

Major gp1s of PRV. 
Upon different labeling methods of virus-infected cells or PRY 

virions several virusspecific gp1s were found. Three major gp1s could 
be characterized with MCA as specific reagents: g I, g II and gill. 
Immunoprecipitation with anti-gil MCA revealed 3 gp-bands (gila, 
glib, gllc) after SDS-PAGE under reducing conditions, but only one 



428 

gp-band of high molecular weight (about 155K) under non-reducing 
conditions. Limited proteolysis of gila, glib and gllc resulted in 
peptide maps of gila related to those of glib and g IIc. Thus, we 
suggest that glib and gllc arise by proteolytic cleavage of a common 
precursor gila, and stay joined via disulfide bonds. The primary 
translation product of this gil-complex as determined by in vitro 
translation represents a single polypeptide. gl and gill were found to 
compose a single polypeptide. 

The genomic regions coding for PRY gp1s could be determined by 
combined hybrid-selection, in vitro translation and radio-immuno
precipitation with MeA or polyclonal antisera. The results are 
summarized in Figure 1 showing an update of the genomic location of 
different known gp1s of PRV. Transcripts specific for gp were 
determined by Northern blots probed with different cloned PRY DNA 
fragments. A summary of these results is given in Table 1. 

Biolo~cal functions of the major gp1s. 
irus neutralization. MeA against g I and g II were tested for 

their ability to neutralize PRY in vitro. Five out of 13 anti-gl MeA 
neutralized PRY in the presence of complement, but none of them was 
effective without complement. The neutralizing MeA and one additional 
non-neutralizing anti-gl MeA protected mice against lethal challenge 
infection. All MeA against gil (28) neutral ized PRY in vitro in the 
presence of complement, whereas 12 of them also neutralized the virus 
without complement. After immunizing mice with anti-gil MeA some of 
the tested MeA, both neutralizing or not neutralizing PRY in vitro 
without complement, were protective. After simultaneous application of 
several anti-g II MeA, additive effects on the protection rate of mice 
could be observed. According to the competition assays performed, 4 
different antigenic sites were recognized by the anti-g II MeA tested 
(20), 2 groups of MeA against gil neutralizing PRY without 
complement could be distinguished. The analysis of more than 60 sera 
of swine taken at different stages of infection (acute, latent, 
reactivated, vaccinated) revealed no qualitative differences in their 
gp-recognition pattern. All these sera contained humoral antibodies 
directed against g I, g Ila-c and probably also against gill. 

gl expression in different PRY strains. The gp gl was found to 
be processed from 2 non-glycosylated precursor polypeptides 
(Table 1). The analysis of the mRNA of more than 80 different 
European field isolates and virus strains by in vitro translation 
revealed the existence of 3 distinct pgl pattern specific for the 
regional origin of the viruses. 

Some attenuated avirulent PRY strains used for vaccination, were 
known to exhibit a similar deletion of DNA sequences in the unique 
short region of their genomes as compared to virulent wild-type PRV. 
We found that this DNA deletion comprises most of the 9 I structural 
gene and, as expected, the transcriptional programme of this genomic 
part of the vaccine strains was strikingly altered, including the lack 
of gl-specific mRNA. Furthermore, hybrid-selection experiments 
proved that expression of gl and of an additional 40K protein was 
missing. 

PRY variants obtained in vivo (field isolate) and in vitro (after 
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Genomic location of the structural genes of PRY glycoproteins. 

Bam H I-fragments of the double-standed DNA genome of PRV, which 
is separated by inverted repeats (IR, TR) into the long (U 1) and 
short (Us) unique region, are shown . 

a) Mettenleiter et al., J. Virol. 53, 52-57 (1985). 
b) Robbins et al., J. Mol. Appl.-Cenet. 2, 485-496 (1984) 
c) Mettenleiter et al., Virology, in press-
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e) Rea et aI., J. Virol. 54,21-29 (1985). 
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multiple cell culture passages) displayed further alterations of gl 
expression, both qualitatively and quantitatively. 

(i) In one PRV field isolate instead of the 2 pgl (ca. SOK) a 
novel single pg I x (64K) was detected, which was processed to a 
smaller truncated, probably non-glycosylated glx (60K, in contrast to 
wild-type g I with 130K in size). During serial in vitro passage of 
so~e virus strains the gl became gradually lost and concomittantly 
gl emerged. (ii) Analysis of single plaque-isolates of PRV revealed a 
highly variable amount of g I expressed. About 60% of plaque-isolates 
of a given virus population displayed no or only low amounts of gl, 
as tested by radioimmunoprecipitation and Western blotting. 

All the viral variants described were no more neutralized in vitro 
and in vivo by different anti-gl MCA, which readily can neutralize 
wild-type PRV. 

Sequencing of gil gene. In order to elucidate the organization of 
the structural gene of the gil-complex, which is about 3500 base 
pairs in size, we started with DNA sequencing of corresponding 
cloned PRV DNA fragments. At first a DNA fragment, 1200 base pairs 
in size was sequenced, which contains the termination site of the gil 
coding region. 

cDNA cloning. Ds cDNA was synthesized on late viral mRNA and 
cloned into the Pst I cleavage site of pBR 325 and pBR 322 after 
GC-tailing. A number of PRV-specific recombinant clones was 
obtained, and out of 13 cDNA clones so far characterized, 8 clones 
represented different cDNA homologous to subfragments of the PRV 
BamHI-1 DNA fragment, where the gil gene is located (Fig. 1). In 
addition, cDNA clones were obtained comprising the gill coding region 
(Fig. 1). 

DISCUSSION 

Membrane gp's specified by the envelope of herpesviruses are 
important for e.g. viral pathogenicity, tissue tropism, virus entry 
and virus release of infected cells, and in particular for eliciting 
protective immune response in the infected host. At the present stage 
of herpesvirus research subunit vaccines or recombinant vaccines 
expressing viral gp can be suggested as safe and efficient vaccines. 
The evaluation of essential prerequisites for a possible construction of 
PRV vaccines by genetic engeering was accomplished during the 
reporting period of this project. After the identification and 
biochemical characterization of the major gp's of PRV, their structural 
genes could be located on the viral genome. All 3 major gp's, gl, 
g II-complex and gill, were found to be involved in vi rus 
neutralization in vivo and in vitro. Some avirulent PRV vaccine 
strains fail to express the gp g I together with another viral 
polypeptide (which propably might represent another viral gp) 
because of a deletion in that part of the viral DNA. For the first 
time, we succeeded in demonstrating herpesviral gene products, in 
particular a gp, which are suggested to be involved ill the expression 
of viral virulence. These findings should be of great value for the 
possible construction of stable and well-defined life vaccines against 
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PRV. The lack of gl expression in some vaccine strains enabled the 
establishment of a "blocking ELISA", which allows the differentiation 
between vaccinated and wild-type virus infected animals. However, 
our findings on the highly variable expression of gl in different viral 
variants contradicts against this gp as a good candidate for a 
subunit or recombinant vaccine expressing gl. 

Antibodies against g III of PRY were highly active in virus 
neutral ization. However, there exist some indications on strikingly 
quantitative differences in the expression of this gp between different 
PRY strains (T. Ben-Porat, pers. comm.). Finally, the gil-complex 
represents a major constituent of the PRY envelope which seems to be 
expressed equally in various PRY strains and isolates. Therefore, our 
studies now focus to elucidate the organization of the gil structural 
gene, in order to enable its expression in foreign cells. The started 
ds cDNA cloning of the gil coding region has to be extended. 
Experiments for insertion of the cDNA into inducible expression 
vectors are now underway. 
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V. Research lines which proved to be unsuccessful: 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

Involvement of viral gene product(s) in the expression of PRV 
virulence. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects): 
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The isolation. sequencing and cloning of the equine gonadotrophin genes. 

Key words: 
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Title of research activity: 
The isolation, sequencing and cloning of the equine gonadotrophin 
genes 

Head(s) of project: 

Scientific staff: 

DR. F. STEWART 

MISS S.E. LEIGH 

MR. J.A. THOMSON 

I. Other research group(s) collaborating actively on this project: 

NIL 

II. General objectives of the project: 
1. To clone and sequence the genes for horse and donkey Chorionic 

Gonadotrophin (CG), Follicle Stimulating Hormone (FSH) and 
Luteinizing Hormone (LH). 

2. To use the sequence data for structure-function studies. 
3. To obtain expression of these genes in suitable host cells with 

the ultimate aim of producing biologically active hormones for 
use in research and agriculture. 
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III. Summary of the main results obtained during the period under contract: 
METHODOLOGY 

polyadenylated mRNA was purified from horse and donkey pituitary 

glands (containing mRNA for FSH and LH) and placental tissues (containing 

mRNA for CG). First strand cDNA synthesis was achieved with reverse 

transcriptase followed by second strand synthesis with RNAase H, DNA 

ligase and DNA polymerase I. The double stranded cDNA was "blunt ended" 

with T4 polymerase and various linkers used to clone the cDNA into 

vectors. The preferred systems used EcoR I or Hind III linkers and the 

vectors pUC8, pUC19 and AgtlO. 

The cDNA libraries were screened with several heterologous (human and 

ovine) cDNA probes provided by other laboratories. They were human CG 

a-subunit, human CG B-subunit, ovine LH a-subunit and ovine Growth Hormone 

(GH). The ovine GH probe was included, firstly because it provided a good 

method of assessing the cDNA libraries (pituitary glands contain large 

quantities of GH mRNA and ovine and horse GH are highly homologous) and 

secondly because the horse GH gene would prove very useful for expression 

studies and also for future structural, functional and physiological 

studies. 

The inserts from positive clones were sub-cloned into the sequencing 

vectors (M13mp9 and mp18) and their nucleotide sequences determined by the 

dideoxy termination method. 

Horse and donkey genomic libraries are also being made from testis 

DNA cloned in AgtlO. 

RESULTS AND DISCUSSION 

The human CG a-subunit probe has been used to isolate several horse 

CG a-subunit cDNA clones from placental cDNA libraries. Some of these 

were incomplete, but the largest insert (680 base pairs) contains the 

complete a-subunit cDNA sequence with signal peptide and untranslated 

regions. The deduced amino acid sequence of the a-subunit has provided 

some new information which will be used in sequence comparison studies. 

Several a-subunit clones from the pituitary cDNA libraries have also been 

sequenced, giving an identical sequence to the placental a-subunit 

sequence. This confirms that, as in other species, there is a single gene 

for the a-subunit of both the pituitary and placental gonadotrophins. 

Isolating the B-subunits of the gonadotrophins has proved more 

difficult. One reason for this appears to be lower homology between the 
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human and horse S-subunit genes. However, several positive inserts have 

been isolated and are being sequenced. In addition, a fragment of human 

S-subunit cDNA that corresponds to the greatest amino acid sequence 

homology between th~'human and horse S-subunits has been prepared both for 

screening and for use as a primer for cDNA synthesis. This will provide a 

selective advantage for S-subunit cDNA synthesis. 

The horse gonadotrophin cDNA clones will now be used to screen the 

horse and donkey genomic libraries to obtain more information on gene 

control, number and evolution. Since primates and equids are the only 

mammals which screte a placental gonadotrophin, it will be interesting to 

determine if, as has happened in primates, the equid placental (CG) S

subunit gene has evolved from the pituitary (LH) S-subunit gene. The 

deduced amino acid sequences will also be used in a computer analysis 

study to predict the location of the receptor binding sites on the hormone 

molecules. The horse and donkey LH and CG sequences are vital to this 

study since they are the only gonadotrophins which bind to two different 

receptors. 

Horse FSH is a particularly potent gonadotrophin when administered to 

farm animals and there would be a great demand for a reliable source of 

this hormone in purified form. A suitable heterologous probe has not yet 

been found for the S-subunit of horse FSH but synthetic oligonucleotides 

have been made as probes and are being used to screen the various 

libraries. 

The horse GH cDNA sequence (512 base pairs) has also been determined 

except for a small segment at the 5' end. This segment was deleted during 

cloning due to an internal Hind III site but this problem has now been 

overcome with the use of EcoR I linkers in preference to Hind III linkers. 

Tqe horse GH cDNA clone has also been used as a probe to demonstrate the 

eiistence of a growth hormone-like protein in horse placental tissues. 
I 

The cDNA for this protein will be sequenced to provide new information on 

placental gene control and the evolutionary relationships of placental 

mammals. 

Since GH is a single chain, non-glycosylated peptide, it should be 

relatively easy to obtain biologically active hormone by expressing this 

gene in either bacteria or yeast. The horse GH gene will therefore be 

used in the initial expression studies and the GH extracted for testing 

in vitro and in vivo. The gonadotrophins, which are dimeric and heavily 



439 

glycosylated, will probably have to be expressed in mammalian cells to 

obtain biologically active hormones. 
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IV. Publications issued during the period under contract: 

Two papers describing the horse gonadotrophin a-subunit and horse 
Growth Hormone cDNA sequences are in preparation. 
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V. R$search linEts which proved to be unsuccessful: 

Nil 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

The horse Growth Hormone gene has been isolated and used to 
demonstrate the presence of a growth hormone-like protein in 
horse placental tissues. The gene will be expressed to obtain 
horse Growth Hormone for structure-function studies. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects) : 

The gonadotrophin and/or Growth Hormone genes may eventually be 
exploited by industry but no arrangements have yet been made. 
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Title of research activity: 

ENGINEERING AND SELECTION OF BACULOVIRUS RECOMBINANTS FOR 
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Head(s) of project: Dr. J .M. Vlak 

Scientific staff: Dr. Ir. J .A.R. Keus/Dr. J. Roosien 

I. Other research group(s) collaborating actively on this project: 

II. General objectives of the project: 

Baculoviruses - a group of double-stranded DNA viruses 
which are infectious for a large number of insect species -
can be used as selective control agent of insect pests. Their 
limited host range and their relative inability to grow in 
cultured insect-cells are major constraints to the wider use 
of these insecticidal agents. Our long term objective is to 
obtain recombinant baculoviruses that have a broader host 
range and are able to grow in cultured insect cells. Our 
short-term objective was to demonstrate that recombination 
between distantly related baculoviruses can occur and results 
in viable recombinants. 

Keywords.: baculoviruses, recombination, insect cells, genetic 
engineering 
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III. Summary of the main results obtained during the period under contract: 

1. METHODOLOGY 
-- DNA from Autographa californica multiply-enveloped nuclear 
polyhedrosis virus (AcMNPV, strain E2), a polyhedron-negative 
mutant AcMNPV-d 1 6G (with a 800 bp deletion in the polyhedrin 
·~ene), and Mamestra brassicae (Mb) l"lNPV (strain N.L8Z) 
(formerly knoW-n-as-~podopter-a-exrgua MNPV) was obtained USing 
routine procedures. A library of MbMNPV DNA clones was made 
into the bacterial plasmid pBR322 and the MbMNPV fragments 
were mapped on the genome. A clone with a 14.3 kbp insert 
(pMb/BglII-E) containing the entire MbMNPV polyhedrin gene was 
fine-mapped using pAc/HindIII-V, which contained the AcMNPV 
polyhedrin gene, as a probe. 

Homologous and heterologous sequences between AcMNPV and 
MbMNPV DNA were determined using DNA/DNA hybridization 
techniques in order to provide virus-specific probes. 

Recombination could take place after transfection of 
Spodoptera frugiperda (Sf) cells with viral and plasmid DNAs 
using the calcium-phosphate precipitation technique which was 
followed a plaque assay. AcMNPV DNA was applied in such 
amounts that nicely separated plaques could be expected. 
Infection of cells with AcMNPV is permissive, with MbMNPV non
permissive (abortive). 

The putative recombinants were to be detected either by 
filter colony hybridization with heterologous MbMNPV DNA 
sequences as probes or, in case of AcMNPV-d16G, by the 
presence of polyhedra through microscopic inspection of the 
plaques. These polyhedra-containing plaques were purified by 
three rounds of plaque purification. If successful, the viral 
DNA was analyzed with restriction endonucleases and the 
location of the MbMNPV DNA inserts was determined. The 
recombinants were further analyzed by electron microscopy and 
polyacrylamide gel electrophores is. The suscepti bili ty of 
Spodoptera exigua larvae for recombinants was .also tested. 

2. RESULTS 
-- When ~ frugiperda cells were transfected with MbMNPV DNA 
alone or with additional restriction fragments of AcMNPV DNA, 
no recombinants were detected that were able to grow. In this 
case, the AcMNPV DNA fragments should render the genetic 
information to allow MbMNPV to replicate in insect cells. 
Similar experiments using whole in stead of fragmented AcMNPV 
DNA failed to demonstrate the presence of recombinants using 
MbMNPV DNA as a probe. Therefore, the question was addressed 
whether heterologous recombination a priori could occur. As a 
model system a polyhedrin-negative mutant (AcMNPV-d16G) was 
allowed to recombine with MbMNPV DNA, which should provide the 
sequences for the polyhedrin gene. The putative recombinants 
are recognized in the cells by the presence of polyhedra. 

Transfection of ~ frugiperda cells with AcM~PV-d16G DNA 
and DNA of the distantly related MbMNPV resulted in the 
appearance of plaques with polyhedra. Attempts to plaque
purify recombinants from fifteen of these centers failed. Most 
likely the polyhedrin gene dose was tqo low to allow 
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recombination to occur and the ~olyhedra were probably the 
result of transient expression (trans-acting) of the MbMNPV 
polyhedrin gene. However, the expression of this MbMNPV gene 
showed that activation of foreign genes by AcMNPV gene 
products may be possible. 

When, instead of whole MbMNPV DNA, purified plasmid 
pMb/BglII-E was used, and increasing of the MbMNPV polyhedrin 
gene dose in the transfection experiments, we were able to 
obtain viable recombinants that produced polyhedra. After 
plaque purification the DNA of the putative recombinants was 
analyzed with various restriction endonucleases and compared 
with the parental DNAs (AcMNPV-d16G and pMb/BglII-E). In all 
recombinants analyzed so far it appeared that the pMb/BglII-E 
sequences were i~serted in various regions of the AcMNPV 
genome (Fig. 1). This was observed 

POSITION OF pMb BgIR-E INSERTS 
IN AcMNPV-d16G GENOME 
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Fig. 1 . Linearized map of EcoRI and Pst I restriction sites on 
AcMNPV DNA. The black arrows indicate the position of 
the AcMNPV polyhedrin gene (left) and of the pMb 
BglII-E inserts in the various recombinants 
(numbered). The open arrows indicate the position of 
homologous regions (hr) in the AcMNPV genome. 

despite the limited homology of the plasmid with the truncated 
polyhedrin gene of AcMNPV-d16G, since this homology could have 
enhanced recombination. Probably the homology be-tween 
sequences flanking the respective polyhedrin genes is 
insufficient to allow recombination at that particular site. 
The size and sequences of pMb/BglII-E inserted into the AcMNPV 
~enome differed considerably from recombinant to recombinant 
(1.9 kbp to probably the length of the entire plasmid). As 
expected, all recombinants contained the polyhedrin gene 
region of MbMNPV DNA. This was confirmed by analysis of the 
polyhedra of the recombinants using polyacrylamide gel 
electrophoresis. A major protein of 31 K comigrating with 
authentic' MbMNPVpolyhedr in and not with AcMNPV polyhedrin 
(33K) was observed. 
~ frugiperda cells infected with recombinants had a 

similar appearance as AcMNPV infected cells (Fig. 2 A and B), 
showing hypertrophied nuclei crowded with polyhedra late in 
infection. These cells were markedly different from AcMNPV
d16G (no polyhedra) and uninfected cells ~Fig. 2 C and D). 



Fig. 2. Spodoptera frugiperda ce~ls, uninfected (D) or 
infected with AcMNPV-d16G (C), AcMNPV (B) or 
recombinant (A). Bar represents 1 ~m. 

~7 

Fig. 3. Polyhedra obtained from Spodoptera frUgiferda cells, 
infected with AcMNPV (A) or recombinant B). 
Bar represents 0.1 ~m. 
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However, electron microscopical inspection of cross sections 
of AcMNPV infected or recombinant-infected cells revealed that 
the latter contained polyhedra with only few virions occluded 
(Fig. 3). This might indicate that the occlusion of AcMNPV 
virions in a MbMNPV polyhedron cannot properly occlude AcMNPV 
virions. 

Feeding of polyhedra of recombinants to Spodoptera exigua 
larvae resulted in diseased animals, showing the viability of 
the recombinants. However, the dose required for mortality was 
much higher than for AcMNPV polyhedra. 

3·DISCUSSION 
We demonstrated that recombination between distantly related 
baculoviruses can occur thereby meeting our short-time 
objective. As a result, genetically stable recombinants were 
obtained, which were infectious for insect larvae. Since the 
insertion and expression of heterologous genes did not seem to 
be dependent on the insertion site and since baculovirus 
genomes are expandable, it may be expected that larger 
stretches of heterologous DNA containing for example genes for 
specificity or host-range can be assembled by genetic 
recombination. As soon as genes coding for factors responsible 
for replication in cultured insect cells are deciphered, these 
genes can also be possibly assembled by heterologous 
recombination. As a long-term objective these viruses may then 
have an extended host range and be able to be grown in 
cultured insect cells at large scale. 
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V. Research lines which proved to be unsuccessful: 

The detection of recombinants between AcMNPV and MbMNPV using 
in situ hybridization with MbMNPV specific DNA probes was not 
successful. This was either due to the detection level or to a 
very low frequency of recombination. Moreover, there were only 
a few non-homologous regions (by hybridization criteria), that 
could be used as MbMNPV specific probes. Most DNA fragments 
showed background hybridizati'on. As an al ternati ve, the 
polyhedrin gene was used as a visible marker for successful 
recombination. 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

Recombination between a polyhedrin negative AcMNPV mutant, 
expressing the B-galactosidase gene instead of the polyhedrin 
gene, and the MbMNPV polyhedrin gene resulted in recombinants 
showing polyhedra and a blue color after addition of X-gal in 
cultured insect cells. The heterologous polyhedrin gene is 
inserted elsewhere in the AcMNPV genome. The presence of 
polyhedra improved the light-microscopic detection of plaques 
conSiderably. The availability of such recombinants greatly 
facilitates the screening for recombinants which have 
exchanged the galactosidase gene for a gene to be expressed 
in insect cells. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects): 
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Title of research activity: 

Exploitation of recombinant DNA technology to provide improved cultures 
for dairy fermentations. 

Head(s) of project: 

Professor C. Daly 

Scientific staff: 

Dr. G.F. Fitzgerald. Ms. S. Lennon. Ms. L. Mullins. Mr C. Hill. Mr A. 
Coffey. Mr J. Coveney. Ms. V. Costello. Mr P. O'Reilly. Mr A. Harrington. 

I. Other research group(s) collaborating actively on this project: 

M. Gasson. Food Research Institute. Shinfield. Reading RG2 9AT. U.K. 

G. Venema. Institute of Genetics. University of Groningen. Kerklaan 30. 
NL-975l NN Haren. 

W.M. deVos. Netherlands Institute for Dairy Research. P.O. Box 20. 
NL-6710 BA. Ede. 

M. Teuber. Bundesanstalt fur Milchforschung. Hermann-Weigmann-Str. I. 
D-2300 Kiel I. 

II. General objectives of the project: 
The overall objective of the project is to develop and apply genetic 

techniques to the lactic streptococci to provide superior strains for 

dairy fermentations. The specific objectives are: 

(i) Proteinase activity; to locate, characterize and clone E!! genes 

from commercially used strains of !. cremoris and to construct 

isolates with altered proteinase specificity and enhanced activity. 

(ii) Bacteriophage/Host intaractions; to identify genes capable of 

conferring phage insensitivity with a view to constructing in

sensitivestrains for prolonged use in commercial practice. In 

addition. selected bacteriophage are being characterized at the 

genome level. 

(iii) Transposon technology; to develop transposon technology, (Tn~») 

for the genetic analysis of lactic streptococci. 
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III. Summary of the main results obtained during the period under contract: 

METHODOLOGY 

The principal methods used i.e. isolation and characterization of Prt

and Lac- mutants; conjugation experiments; manipulations involving the 

transposon Tn~; chromosomal, plasmid and bacteriophage DNA isolation; 

Southern blot, nick translation and DNA-DNA hybridization; restriction 

digests and mapping; agarose and polyacrylamide gel electrophoresis and 

heterodup1ex analysis of bacteriophage DNA have been described in 

previous reports and publications (1, 2, 3,4). 

RESULTS 

~!~~!f~!!!_~~~~f!! 

Analysis of Prt- mutants and hybridization experiments using a 

"proteinase probe" clearly indicated that Prt activity was encoded on 

p1asmids of 54, 22.5 and 20 Mda1 in Streptococcus cremoris strains 17, 047 

and 077, respectively. It was not possible to transfer these p1asmids to 

plasmid-free recipients using conventional agar surface mating techniques. 

However, mobilization of the Prt p1asmids, using pAMBI, to a ~. ~ 

SH4045 recipient was achieved. In all instances the Em marker was also 

transferred (Table 1). 

TABLE 1. 

Donor Recipient 

S. cremoris 17 (pAMB1) S. lac tis SH4045 

S. cremoris 077 (pAMB1) S. 1actis SH4045 

S. cremoris 047 (pAMB1) S. lactis SH4045 

Marker 
Transferred 

Lac Prt Em 

Lac Em 

Lac Prt Em 

Lac Em 

Prt Em 

Frequency/ 
Recipient 

4.2 x 10-4 

6.6 x 10-8 

6.6 x 10-10 

4.1 x 10-8 

1.3 ~ 10-2 

Plasmid profile analysis revealed that representative transconjugants 

derived from strains 17 and 047 harboured plasmid species not present in 

these donors. While pAMBI did not form part of the larger novel plasmids 

(of 70 and 84 Mdal) found in the strain 17 derived transconjugants, 

hybridization and restriction mapping data showed that pAMBI did form part 
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of the 40 Mdal co integrate plasmid (pCI2l0) present in 047 x SH4045 trans

conjugants and the site on pAMBI involved in co integration was shown to 

occur in its replication region. The region of pCI2l0 involved in Prt 

activity was identified by hybridization analyses which showed that BglII 

fragments of 4.6 and 7.6 kb and a SaIl fragment o~ 2.1 kb possessed 

sequence homology with the pGD4 'proteinase' probe. 

In the case of the strain 17 derived Lac+ Prt+ transconjugants, the 

plasmids present had sizes of either 70 or 84 Mdal. Using protoplasting 

and regeneration treatments and growth at elevated temperatures (37oC), 

deleted derivatives of the 70 Mdel plasmid were isolated. These were 

either 43 Mdal (pCI308) or 15 Mdal (pCI3l0) in size and conferred a Lac+ 
+ - + • Prt or Lac Prt phenotype, respect1vely. 

localized to 4.5 and 15 kb BglII fragments 

The R!! genes on pC310 were 

and a single 8 kb XbaI fragment 

using hybridization with the pGD4 probe. A preliminary restriction map of 

pCI310 was constructed and is shown in Fig. 1. Thus, the location of the 

R!! genes in strains 047 and 17 have been assigned to specific restriction 

fragments on plasmids pCI210 and pCI310, respectively. Experiments 

designed to clone these fragments are currently in progress. 

FIG. 1. -
Restriction map of pCI3l0, 

a deleted derivative of 

the Prt plasmid of !. 
c!remoris 17. 

Xba I 

~!£~!!i~2~!i!_!~~_E~!i!Lh~!~_i~~!!!~~i£~! 

i 
e 
" CQ 

pCI310 
(15 MdaO 

XhaI 

Two bacteriophage, c3 and amI-a, homologous for S. cremoris strains 

C3 and AMI, respectively, were examined in detail with respect to morphol-
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ogy, structural protein content and genome structure. Morphologically, 

both were of small, isometric head type with similar dimensions, (Table 2). 

TABLE 2. 

Morphological Details of Phages c3 and aml-a 

Feature c3 (nm) aml-a (nm) 

209 + + 14 Overall length - 9 194 -

diameter + 3 52 + 3 Head 52 - -
Tail 152 + 6 143 + 

11 length -
Tail width 8 + 1 8 + 1 

Tail baseplate diameter 16 16 (approx) 

Presence of a collar No Yes 

However, aml-a had a collar and a base plate structure not observed 

in c3. PAGE analysis of the phage proteins confirmed the similarities 

between the phage although some differences in major structural protein 

content were observed. Both c3 and aml-a have been mapped (Fig. 2) and 

although the maps are quite different it is interesting that Southern 

hybridization studies showed significant homology between the two phage 

DNAs. This was confirmed when heteroduplex analysis revealed approximately 

80% sequence homology. Both c3 and aml-a contained cohesive ends similar 

to the'cos ends of lambda. 

compatible. 

FIG. 2. 

Restriction maps 

of phage c3 and 

amI-A. 

Hpall 

Bst Ell 

EcoRI 

HindU' 

Pvull 

Mbol 

BgIIi 

Hind III 

Hpa" 

Sst Ell 

Mbol 

P'Iuli 

EcoAI 

el 

I-~ I 
el 

D 
• 

01 

I~ 

e 

In addition, the cos ends of both phage were 

c3 

.. I B 

I B 10 
A I e I B I 0 

B I .. .. I FI B I 0 I c 
A I FI I e I E 1H11 G IHZI 0 I B 

1p 15 zo 25 
Kb 

B I .. 
I .. I B 

.. lei B 

I B I c Ie 
B I c I .. I 0.E2 1El 

.. I 0 I e,E I B 

A I c I 0 I E I B I G I F I 
am1-A 



458 

Plasmid coded phage insensitivity mechanisms have been identified in 

8. cremoris UC6S3 (pCI750. 50 Mdal) and an !. ~ strain (pCI829. 29 

Mdal) • Both plasmid& have been conjugatively co-transferred to a plasmid

free 8. ~ MGl363 recipient using mobilization by the rasident Lac 

plasmid of the donor strains in each case (transfer frequencies shown in 

Table 3). 

TABLE 3. COnjugative transfer of Lac and phage insensitivity to plaamid
free 8. lactis MG1363 Sm. --

Donor Recipient 

8. cremoris UC653 8. lactis MG1363 Sm 

8. lacth S. lactis MG1363 8m -

+ . Lac TransconJugantl 

Frequency / % phage 712 
Recipient insensitive 

-7 3.3 x 10 

-4 1.4 x 10 

70 

11 

Analysis of the plasmid profiles of selected transconjugants derived 

from the UC653 x MG1363 Sm mating revealed that some contained a large 

plasmid of either 77 or 83 Mdal which coded for both Lac and phage in

sensitivity. Preliminary experiments have shown the potential of strains 

harbouring these plasmids to act as high frequency donors of phage 

insensitivity accompanied by the readily selectable Lac marker. Sign

ificantly. no such recombinant plasmids were detected in transconjugants 

derived from the !. ~ x MG1363 mating. In the MG1363 background. the 

pCI750 and pCI829 plasmids conferred total insensitivity against phage 712 

infection while they caused a reduced burst size for phage c2 (also lytic 

for MGl363). Significantly. the presence of both pCI750 and pCI829 in the 

same strain (Fig. 3) reduced the burst size of phage c2 to zero. Although 

the nature of the phage insensitivity mechanism(s) is as yet unknown. 

adsorption is not involved and they are not inactivated at temperatures up 

to 40oC. 

Restriction-modification (R-M) systems have been identified in 

several S. cremoris strains isolated from mixed strain starter cultures 

used in commercial cheesemaking. Six of these strains produced a 

restriction endonuclease similar to ScrFI which was previously isolated 
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FIG. 3. -
Plasmid profiles of !. 

Mdal. 
lac tis MG1363 containing 

pCI750 and pCI829 either 

separately or together. The 

presence of both plasmids 

conferred total insensitivity 

to phage c2. 

50 (pCI750) 

29(pCI829) 

chromo 

from!. cremoris F. Presumptive evidence for the role of a 28 Mdal 

plasmid in ~~ R-M activity (but not ScrFI production) in strain F 

has been obtained. The data may indicate the presence of mUltiple 

restriction systems in this strain or that ScrFI is not involved in in 

vivo restriction of phage DNA. 

The!. sanguis FCI transposon Tn~ was introduced to all three 

species of lactic streptococci and one strain each of Lactobacillus and 

Leuconostoc at frequencies ranging between 105 and 108 per recipient. 

Detailed examination of tetracycline resistant ~. ~ MG1363 Sm trans

conjugants, using DNA-DNA hybridization analysis showed that insertion 

of Tn919 into the chromosome was site-specific. However, in subsequent 

experiments random insertion in the chromosomes of !. ~ subsp. 

diacety1actis 18-16 and~. cremoris strains SK3S and l7S was observed. 

In addition, insertion in plasmid DNA in each of these strains was 

detected including the Lac plasmid of the 18-16 isolate. The introduction 

of pMG600 (Lac+ Lax-, a Lac plasmid capable of conjugative transfer at 

high frequencies) into!. ~ MG1363 Sm harbouring Tn~, generating 
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! •. ~ CHOOl, resulted in a significant improvement in the transfer 

frequency (increased by four log cycles) of Tn919 to selected recipients 

(e.g.!. ~ MG1363 Sm,!. ~ subsp. diacetylactis 18-16S). In 

addition, pMG600 aided matings could be performed on agar surfaces (unlike 

Tn~ alone which will transfer only in filter mating experiments) allowing 

the recovery of more recipients than is the case with filter matings. Thus, 

the conditions necessary for the targeting and cloning of genes from 

members of the lactic streptococci, namely high frequency delivery and 

random insertion in host DNA, have been achieved. 

DISCUSSION 

The project has achieved significant advances on the genetic analysis 

of lactic streptococci. The proteinase study is important because it 

extends our knowledge of this important trait among industrially useful S. 

cremoris strains. Progress to date has been satisfactory and on-going 

efforts to clone proteinase genes from specific strains will be greatly 

facilitated by the close co-operation which exists with the other cont

ractants who have achieved world leader status in this area. The discovery 

of two powerful plasmid-encoded phage insensitivity mechanism(s) opens up 

exciting possibilities for future manipUlation of strains for extended 

industrial use. This study is complimentary to that of Teuber (Kiel) and 

allows useful co-operation and comparison of the system(s) observed. The 

expertise of G.F.F. in transposon technology has allowed rapid progress in 

developing a high frequency random insertion system for some strains of 

lactic streptococci. This technology will be especially useful for the 

elucidation of the role of chromosomal encoded traits which have thus far 

been neglected in the lactic streptococci. The technology is being shared 

with other contractants who have identified specific objectives for its 

application. 
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V. Research lines which proved to be unsuccessful: 

The finding of both a restriction-modification system and a restriction 

endonuclease, ScrFI, in!. cremoris F makes this an attractive model system 

in which to study restriction of phage DNA in the lactic streptococci. 

While presumptive evidence for the role of a 28 Mdal plasmid in restriction 

at a biological level has been obtained, ScrFI is still produced by 

restriction-deficient mutants. Attempts to clarify the role of the 28 Mdal 

plasmid in restriction and to clone the ScrFI gene in!: ~ have so far 

proved unsuccessful. Characterization of the plasmid has been hindered 

by an inability to transfer it to a plasmid-free strain. The failure to 

clone ScrFI genes may lie in problems with expression (which may be 

lethal in!. ~ or in selection of clones producing the enzyme. 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

The project has revealed interesting findings which warrant further 

investigation at a molecular level. These include - (a) plasmids (e.g. 

Lac, Prt) of S. cremoris strains proved difficult to self-transfer by - , 

conjugation but were readily mobilized by pAMBI; (b) high mol wt. co-

integrate plasmids were often observed in transconjugants following mating 

experiments; (c) two Lac plasmids of 54 and 46 Mdal were identified in !. 

cremoris 17; (d) hybridization experiments showed that there was often 

considerable homology between plasmids, conferring different phenotypes, 

resident in some strains of lactic streptococci: (e) the nature of 

insertion of Tn9l9 was different in selected strains. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects): 
Thi. laboratory has a long tradition of research on applied aspects of 

dairy cultures. This has included (in a combined project with the 

Agricultural Institute, Moorepark, Fermoy, Co. Cork and the Irish cheese 

industry) the development of a defined strain starter culture system which 

has been used successfully by the industry for four years. This has 

allowed first hand experience of the industrial suitability of individual 

strains and will greatly facilitate the commercial use of genetically 

modified strains. Strains with improved phage insensitivity and altered 

proteinase activity should be available in the near future. 



BIOMOLECULAR ENGINEERING PROGRAMME 

Final Report 

Contractor: Contract no. : GBI-2-084-NL 

Netherlands Institute for Dairy Research 
(N. 1. Z. 0.) 
Kernhemseweg 2 
P.O. Box 20 
NL - 6710 BA EDE 

Head(s) of research team(s) : 

Dr. W.M. de VOS 
Netherlands Institute for Dairy Research 
(N. 1. Z. 0.) 
P.O. Box 20 
NL - 6710 BA EDE 

Telephone number: (08380) 19013 

Telex number: 37205 

Title of the research activity: 

465 

Genetic improvement of starcer streptococci by the cloning and expression 
of the gene coding for a non-bitter proteinase. 

Key words: 

Proteinase gene, plasmid vectors, cloning, expression, secretion, starter 
streptococci. 

Reporting period: 
April 1984 - March 1986 



466 

Title of research activity: 

Genetic Improvement of Starter Streptococci by the Cloning 
and Expression of the Gene Coding for a Non-Bitter Proteinase 

Head(s) of project: Dr W.M. de Vos 

Scientific staff: Dr W.M. de Vos 
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Ing H. de Haard 
I. Boerrigter 

G.Rutten 
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Dr S. Visser 

I. Other research group(s) collaborating actively on this project: 

Dr C. Daly. Dept. of Dairy and Food Microbiology. University 
College. IRL-Cork 

Dr M.J. Gasson. Food Research Institute. Shinfield. 
GB-Reading RG2 9AT 

Dr M. Teuber. Bundesanstalt fur Milchforschung. 
Hermann-Weigemann-Str. 1. D-2300 Kiel 1 

Dr G. Venema. Institute of Genetics. University of Groningen. 
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II. General objectives of the project: 

Determination of the genetic location of the gene coding for 
the non-bitter PIlI-proteinase <prt-gene) in S.cremoris AMI 

Cloning of the ~-gene in E.coli and/or B.subtilis 

Cloning of the prt-gene in S.cremoris AMI or related starter 
streptococci on-aistable. high copy number plasmid and 
increasing its expression by selected transcription signals. 
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III. Summary of the main results obtained durina the period under contract: 

METHODOLOGY 

In initial e~periments it was observed that cloning of the 
S.cremoris proteinase (~) gene in E.coli using plasmid 
vectors failed to be successful, due to inherent structural 
instability of the prt-gene and/or because of deleterious 
effects of the e~preSSTon products (1). Therefore, the phage 
vectors $EMBL3 (2) and ~47.1 (3) were used to clone the ~
gene in E.coli. Recombinant phages e~pressing the S.cremoris 
proteinase were identified using an immunological plaque 
screenings method with antiserum against purified S.cremoris 
proteinase (4). The ~- gene was subcloned in S.lactis and 
its e~pression was investigated using standard molecular 
biological methods (1). 

RESULTS 

GENETIC LOCATION OF THE PRT-GENE 

The S.cremoris strains AM1 and SK11 are closely related 
industrial strains (5). Both strains produce an identical 
specific, non-bitter (6), cell-wall located (7) and high 
molecular weight (about 150 kD on SDS-PAA) proteinase with 
unique caseinolytic properties in degrading not only a-and 
k-casein but also a-casein (8). With the use of plasmid 
curing- and transfer e~periments (7) the prt-gene was located 
on a large 78 kb plasmid, designated pSK111 (9), which is 
identical in both strains (5). 

CLONING OF THE PRT-GENE IN E.COLI 

A gene library of the proteinase plasmid pSKlll in ,EMBL3 
was constructed and screened for e~pression of the prt-gene 
(see Methodology). Several recombinant phages were identified 
which directed the synthesis of high molecular weight 
proteins reacting with antibodies against S.cremoris 
proteinase as shown in immunoblotting e~periments. The pSK111 
derived inserts in those phages were mapped and aligned with 
a physical map of pSK111 as is illustrated below (Figure 1). 

Two DNA regions (designated Fragment A and B), common to 
all prt-e~pressing phages were provided with SaIl linkers and 
subcloned into ~47.1. Since the resulting phages all 
e~pressed the prt-gene, the SaIl fragments A and B were used 
as starting material for the cloning of the prt-gene in 
lactic streptococci. ---

CLONING OF THE PRT-GENE IN S.LACTIS 

In order to clone the 
~-gene, several plasmid 

SaIl fragments 
vectors for 

containing the 
use in lactic 
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Figure 1: Physical maps of E.coli phages containing the 
~-gene (explanation in text). 

streptococci were developed on the basis of the smallest 
plasmid of S.lactis NCDO 712, the cryptic pSH71 (10). 
Recently we determined the total DNA sequence of this 2059 bp 
cryptic plasmid (1,11). All vectors contain an unique SaIl 
site and the promiscuous replication functions of pSH71, 
which make them replicate in S.lactis, B.subtilis and E.coli 
(1,11). Because of this interest(ng broad host range 
replication property the pSH71 replication functions were 
investigated in more detail. They appeared to consist of (i) 
an origin of r:epl ication located o,n a 600 bp fragment which 
contains a very AT rich region and several large direct 
repeats and (ii) a trans-acting function, preliminary 
assigned to the product~the largest open reading frame 
RepA (11). 

The resulting vectors (shown 
maintained in S.lactis (1), pNZ12 
a low copy number. 
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In subsequent e~periments these vectors were used to clone 
the SaIl fragments A and e, containing the ~-gene, in the 
S.lactis NCDO 712 proteinase-deficient, plasmid-free 
derivative (10) MG13b3 by means of a shot-gun cloning 
procedure. Fragment A was readily cloned on the high copy 
number plasmid pNZ12 (resulting in pNZ54 and pNZ55), whereas 
Fragment e appeared to be clonable only in the low copy 
number vector pNZ122 (resulting in pNZ511 and pNZ512). 

EXPRESSION OF THE PRT-GENE IN LACTIC STREPTOCOCCI 

No proteinase e~pression was observed in S.lactis 
containing pNZ54 or pNZ55 (Fragment A). In contrast, aIr 
plasmids containing Fragment e e~pressed the prt-gene in a 
functional proteinase which complements the ~-deficiency of 
the host MG13b3 and shows identical caseinolYtic specificity 
as the S.cremoris SKII proteinase (8). 

Whereas in S.cremoris SK11 the pSKlll encoded proteinase is 
located in the cell-wall (7), it appeared from cell 
fractionation studies that the cloned proteinase encoded by 
pNZ511 in S.lactis is found to be predominantly secreted 
into the medium. 

DISCUSSION 

Using E.coli as an intermediate host the S.cremoris SK11 
prt-gene was cloned and expressed in S.lactis with newly 
developed, fully characterized plasmid vectors. Whereas the 
prt-gene is highly structural unstable in E.coli on plasmid 
vectors, it can be maintainted stably in S.lactis on a low 
copy number plasmid. 

The absence of prt e~pression in S.lactis containing pNZ54 
or pNZ55 indicates that Fragment A does not contain the intact 
prt-gene. Since e~pression is observed in E.coli with phage 
vectors containing Fragment A it is likely that Fragment A 
contains the major part of the structural prt-gene and that 
expression in these constructs is under -COntrol of phage 
e~pression signals. 

The implication of this explanation is that the left part 
of Fragment e, not present on Fragment A, contains the 
e~pression signals of the prt-gene. This was confirmed by 
DNA sequence analysis of ~is region which showed the 
presence of expression signals, the functionality of which 
was demonstrated in E.coli using lacZ fusions. From this 
information and the mapping data shown in Figure 1 the 
location and the orientation of the S.cremoris prt-gene can 
be deduced as is presented on the pSK111 map in Figure 3. 

The location of the cloned proteinase in S.lactis 
(extracellular) differs from that in its natural host 
S.cremoris (cell wall), suggesting that the putative signal 
sequence of the prt-gene functions in S.lactis but that 
hypothetical topogenic signal(s) involvded in cell wall 
anchoring either are absent or do not function properly in 
S.lactis. 
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Figure 3: Position and orientation of the prt-gene on the 
S.cremoris SK11 proteinase plasmid pSK111;--

In conclusion, the results presented above show that the 
objectives as specified in the title of the project were 
completely met and can serve as a solid start for the 
rational development of starter streptococci for new or 
improved dairy fermentation processes. 
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V. Research lines which proved to be unsuccessful: 

Direct cloning of the S.cremoris SK11 proteinase gene in 
E.coli using plasmid vectors failed to be successful due to 
inherent structural instability of the gene and/or because 
of deleterious effects of the expression products. 

Although the S.cremoris SK11 proteinase gene could be 
cloned in S.lactis easily with the use of low copy number 
plasmids, experiments directed towards the cloning on a high 
copy number plasmid appeared unsuccessful. 

VI. Unexpected developments. results not foreseen or conclusions arising directly 
from the implementation of the project: 

Although it was known that the lactic streptococcal 
proteinases are secreted, they are usually found to be 
attached to the cell wall.The here described results show 
that the expression product of the cloned S.cremoris SK11 
proteinase gene predominantly is secreted in S.lactis. This 
observation may be further employed in the development of 
lactic streptococcal secretion vectors. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects) : 

The constructed lactic streptococci containing the cloned 
S.cremoris SKII proteinase gene can not be used for the 
production of fermented dairy products meant for consumption 
because of the presence of heterologous antibiotic 
resistance genes. 
Therefore, no industrial 
However, the development 
for lactic streptococci 

exploitation can be expected. 
of food-grade expression systems 

is receiving increasing attention. 
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I \. General objectives of the project: 

Isolation of new yeast plasmids representing various types of host speci
ficity for replication. Molecular characterization and re-arrangements of 
these plasmids in order to obtain gene vectors capable of replicating in 
different genera of yeast. 



III. Summary of the main results obtained during the period under contract: 
1. S~arch for new plasmids in yeast. 

47S 

The first step of this 2-year programme consisted in looking for new pla
smids among yeast strains in order ,to develop genetic transformation sy
stems that would help valorizing unexploited species. For screening, we 
used both the direct electrophoretic analysis of DNA and the plate test 
for killer phenotype. Killer strains have been found but none of them' co,!! 
tained plasmids. They are probably chromosomally determined killers li-
ke those already described for many Hansenula species. Linear DNA-based 
killer plasmids have not been found, although such plasmids had previously 
been isolated from Kluyveromyces lactis (1,2). One of these linear pla
smids, pGKl-l, has now been completely sequenced (3,4,5) and putative pro
motors and aR0ssihle signal peptide coding sequence have been localized. 
These sequences' remain to be tested in association with the K.lactis gene 
vectors we have developped (see below). 
In three strains belonging to Kluyveromyces, we have found .new plasmids. 
This is fortunate in view of the rather limited number (some 50) of strains 
we could analyze within a couple of months. One of them, isolated from a 
strain of Kluyveromyces drosophilarum (6) (described as a killer in the l! 
terature, but the plasmid had no relation with a killer determinant) has 
been chosen for a detailed study because of its potential interest in the 
genetic manipulation of Kluyveromyces species which are widely used in 
milk processing industry. 

2. New circular plasmid, pKDl, of K.drosophilarum: Molecular structure and 
properties. 
This is a high copy number plasmid in its natural host. It can be isolated 
from the total DNA as super-helcal molecules by CsCl-ethidium isopiknic 
banding. We have determined its total nucleotide sequence 4757 bp long (7). 
It has three open reading frames and a pair of inverted repeats. The mole
cule exists in two isomeric forms in the cell, which are generated byinteE 
nal recombination at the inverted repeats. The similarity of this organiz~ 
tion to that of 2u DNA (8) was obvious. However, the primary sequence 
showed little homo~ogy with 2u .or with analogous circularplasmids 
found in several strains of Zygosaccharomyces species (9,10). Only one 
of the three genes (gene A) showed a dispersed but significant sequence h~ 
mology with the FLP recombinase gene (11) of the 2u DNA. The A gene and the 
FLP gene are in fact located in the equivalent positions in their respect! 
ve genomes. Figure 1 is a schematic representation of pKDl molecule. 

3. Transformation of Saccharomyces cerevisiae and Kluyveromyces lactis by 
the recombinant molecules derived from pKDl. 
We have previously shown that the URA3 gene of S.cerevisiae can complement 
the ura3 mutation of K.lactis (12). Therefore we used this gene as a tran 
sformation marker for both these species. Using parts or totality of 
pKDl sequence, we constructed various recombinant molecules carrying the 
URA3 gene and pBR322-based drug resistance markers. Many of these con
structions were found to be capable of transforming both S.cerevisiae and 
K.lactis. Consequently, we could localize, by deletion mapping, the region 
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of pKDl required for replication. This region is located next to one of 
the inverted repeats, again like in the case of 2u DNA. However, in all 
cases with S.cerevisiae, and in many cases in K.lactis, the transformants 
obtained by these recombinant plasmids were very unstable. An interruption 
of any gene in pKDl by insertion of a marker sequence resulted in a inst~ 
bility of the transformants. In one case, a remarkably stable transforma
tion of K.lactis was obtained: the single EcoRI site located between two 
genes was found to be a functionally neutral point where the marker seque~ 
ce can be inserted without affecting the stability (Table I, El). Also an 
interruption of the A gene appeared to give acceptably stabletransfor~nts 
(Table I, PI, P3). 

4. Construction of a stable transformation system for Kluyveromyceslactis. 
In order to use transformation vectors of practical configuration, it ap
peared necessary to develop a general way of stabilizing transformants. 
We therefore attempted to complement the defective functions of recombinant 
plasmids by introduction of intact pKDl into the host strains. In the case 
of Saccharomyces cerevisiae, most laboratory strains already contain resi
dent 2u molecules which help in trans the defective 2u-derived vectors. We 
therefore introduced intact pKDl molecules into the protoplastsaf:K.lactis. 
We found that the plasmid could replicate indefinitely without and selecti 
ve pressure. By genetic crosses, the plasmid has been propagated to other 
K.lactis host strains. Thus the natural plasmid of K.drosophilarum has now 
become a resident plasmid of Kluyveromyces lactis strains. When we used 
these strains for transformation with the marked recombinant plasmids, we 
found that the stability of transformants was, as we had hoped, considera
bly improved. Some examples are shown in Table 1. Transformation frequency 

-q -3 
was generally in the range of 10 to 2x10 • We have also constructed a 
shuttle vector carrying the replication origins of 2u and pKDl. 

5. Conclusion and perspective 
It appears that the pKD1-derived transformation system of Kluyveromyces 
lactis we have developed is comparable to the 2u-derived system of Sacch~ 
romyces cerevisiae in terms of efficiency and stability. The problems such 
as the control of copy number or the long term maintenance can probably be 
treated very much like in the case of 2u DNA with which we are more fami
liar. Concerning the host specificity of yeast plasmids, it is known that 
the linear killer plasmids of K.lactis can stably replicate inS.cerevisiae. 
In contrast the host range of yeast circular plasmids appears to be narrow. 
pKDl cannot survive in S.cerevisiae, and 2u-based vectors are unstable in 
K.lactis and in other yeasts. However, within this generic barrier, some 
circular plasmids seem to be able to pass from one species to another and 
perpetuate in the new host. Examples have been seen in Saccharomyces, Klu~ 
veromyces and Zygosaccharomyces. 
Since all circular plasmids of yeast discovered so far are, quite intere
stingly, essentially similar in their genomic organization (we may call 
them the 2u family), it is forseeable that more of this type of circular 
plasmids will be discovered in other genera. It is perhaps with such pla
smids that we should be able to construct useful transformation systems 
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which will be specific for each genus of yeast. Within the genus we could 
transfer the "helper resident plasmid" from one species to another. On this 
perspective, a systematic screening of a large variety of yeast for new cir 
cular plasmids still remains to be an important task at present. The 440 
species of yeast belonging to some fifty genera are represented by thou
sands of strains conserved in well maintained stock centers. They are a 
source of many unexplored biological functions. 
References 
1. Gunge,N. e~ al . , J .Bacteriol. 145, 382-390 (1981) 
2. Wesolowki,W. et al., Current Genetics 5, 191-197 (1982) 
3 . Sor F. and Fukuhara,H., Current Genetics 9, 147-150 (1985) 
4. Stark,M. et al., Nucl.Acids Res. 12, 6011-6031 (1985) 
5. Hishinuma,F. et al., Nucl.Acids Res. 12, 7581-7597 (1985) 
6. Falcone,C. et al., Plasmid, in the press. 
7. Chen,X.J. et al., Submitted for publication. 
8. Hartley,J.L. and Donelson,J.E., Nature 286, 860-864 (1980) 
9. Toh-e,A. et al., Nucl.Acids Res. 13, 4267-4283 (1985) 

10. Araki,H. et al., J • Mol. Biol. 182, 191-203 (1985) 
11. Broach,J.R. and Hicks, J.B . , Cell 21, 501-508 (1980) 
12. de Louvencourt,L. et al., J.Bacteriol. 154, 737-742 (1982 or 83) 

Figure 1- Structure of the circular plasmid pKD1 from Kluyveromyces drosophi 
larum. One of the two isomer forms is shown . It is 4757 bp long and has inver 
ted repeats (the central stem) at which' 
the orentation isomerism occurs. There 
are three open reading frames (gene A, 
Band C),the gene A is supposed to be 
a FLP recombinase. The hatched area is 
the replication origin. Many single re 
striction sites are available as shown. 

Table 1.Stability of Kluyveromyces lactis transformants obtained by pKD1-d~ 
rived recombinant plasmids. Effect of resident pKD1. 

Kluyveromyces lactis S.cerevisiae 
Host strain A-I A-2 B-1 B-2 S150-2B 
Resident plasmid pKD1 pKD1 2u 

pKD1-vectors: 
B11 4.8 1.7 73 71 0.14 
E1 84 97 64 62 0.29 
PI 18 46 54 42 1.7 
P3 30 38 36 48 0.19 
A15 3.6 35 40 2.1 
511 7.5 8.9 26 33 0.34 
HP1 8.7 9.1 15 14 0.15 

2u-vector: 
pG63 0 0 60 

+ The stability of trans formants is expressed as % ura colonies after 6 genera 
tions of growth in a non-selective medium. The plasmids B11, E1, PI and P3 -
contain in the totality of pKD1 sequence while A15, 511 and HP1 have only a 
segment of it. pG63 is a kind gift of M. Guerineau. All plasmids contain URA3 
marker and pBR322 sequences. K.lactis hosts are isonuclear ura3 strains, 
with (A-I, B-1) or without (A-2, B-2) killer plasmids. 
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ve1,M., Sor,F. and Fukuhara,H. Co11oque de Pompadour "Structure et Expres 
sion du Genome". CNRS. Abstracts p. 37 (1986). -
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ted by the University of Rome CNR and the CNRS on 1986 under NoA7830A86 
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Title of research activity: 
Search for new yeast plasmids and development of multivalent vectors 
for yeast genera. 

Head(s) of project: Hiroshi FUKUHARA 
Institut Curie, Section de Biologie 
Batiment 110, Centre universitaire, Prsay F-91405 

Scientific staff: M.M.Bianchi, M.Wesolowski-Louvel, F .Sor, M.Simon, 
G.Faye, Chen Xin Jie. 

I. Other research group(s) collaborating actively on this project: 

This is a joint programme executed in collaboration with Dr.L.Frontali 
and her collaborators of the Department of Cellular and Developmental 
Biology, University of Rome, Rome Italy 00185. 

II. General objectives of the project: 

Isolation of new yeast plasmids representing various types of host 
specificity for replication. Molecular characterization and re-arran
gements of these plasmids in order to obtain gene vectors capable of 
replicationg in different genera of yeast. 



III. Summary of the main results obtained during the period under contract: 

1. Search for nevI plasmids in yeast. 
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The first step of this 2-year programme consisted in looking for new 
plasmids arnony yeast strains in order to develop genetic transformation 
sytems that would help valorizing unexploited species. For screening, we 
used both the direct electrophoretic analysis of DNA and the plate test 
for killer phenotype. Killer strains have been found but none of then 
contained plasmids. They are probably of chromosomally determined killers 
like those already described for many Hansenula species. Linear DNA-based 
killer plasmids have not been found, although such plasmids had 
previously been isolated from Kluyveromyces lactis (1, 2). One of these 
linear plasmids, pGK1-I, has now been completely sequenced (3, 4, 5) and 
putative promotors and a posible signal peptide coding sequence have been 
localized. These sequences remain to be tested in association with the 
K.lactis gene vectors we have developped (see below). 
In three strains belonging to Kluyveromyces, we have found new plasmids. 
This is fortunate in view of the rather limited number (some 50) of 
strains we could analyze within a couple of months. One of thenr, isolated 
from a strain of Kluyveromyces drosophilarum (6) (described as a killer 
in the literature, but the plasmid had no relation with it) has been 
chosen for a detailed study because of its potential interest in the 
genetic manipulation of Kluyveromyces species which are widely used in 
milk processing industry. 

2. New circular plasmid, pKDI, of K.drosophilarum: Molecular structure 
and properties. 
This is a high copy number plasmid in its natural host. It can be 
isolated from the total DNA as super-he1ca1 molecules by CsC1-ethidium 
isopiknic banding. We have determined its total nucleotide sequence 4757 
bp long (7). It has three open reading frames and a pair of inverted 
repeats. The molecule exists in two isomeric forms in the cell, which are 
generated by internal recombination at the inverted repeats. The 
similarity of this organization to that of 2u DNA (8) was obvious. 
However, the primary sequence showed little homology neither with 2u nor 
with analogous circular plasmids reported for several strains of 
Zygosaccharomyces species (9, 10). Only one of the three genes (gene A) 
showed a dispersed but sigificant sequence homology with the FLP 
recombinase gene (11) of the 2U DNA. The A gene and the FLP gene are in 
fact located in the equivalent positions in their respective genomes. 
Figure 1 is a schematic representation of pKDI molecule. 

3.Transformation of Saccharomyces cerevisiae and K1uyveromyces 1actis by 
the recombinant molecules derived from pKD1. 
We have previously shown that the ORA3 gene of S.cerevisiae can 
complement the uraA mutation of K.1actis (12). Therefore we used this 
gene as a transformation marker for both of these species. Using parts or 
total ity of pKDI sequence, Ive constructed various recombinant molecules 
carrying the URA3 gene and pBR322- based drug resistance markers. Many of 
these constructions were found to be capable of transforming both 
S.cerevisiae and K.lactis. Consequently, we could localize, by deletion 
mapping, the region of pKDl required for replication. This region is 
located next to one of the inverted repeats, again like in the case of 2u 
DNA. However, in allcases with S.cerevisiae, and in mamy cases in 
K.lactis, the transformants obtained by these recombinant p1asmids Ivere 
very unstable. An interruption of any gene in pKDl by insertion of a 
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marker sequence resulted in a instability of the transformants. In one 
case, a remarkably stable transformation of K.lactis was obtained: the 
single EcoRI site located between two genes was found to be a 
functionally neutral point where the marker sequence can be inserted 
~tithout affecting the stability (Table 1, EI). Also an interruption of 
the A gene appeared to give acceptably stable transformants (Table 1, 
PI, P3). 

4. Construction of a stable transformation system for Kluyveromyces 
lactis". 
In order to use transformation vectors of practical configuration, it 
appeared necessary to develop a general way of stabilizing transformants. 
We therefore attempted to complement the defective functions of 
recombinant plasmids by introduction of intact pKDl into the host 
strains. In the case of Saccharomyces cerevisiae, most laboratory strains 
already contain resident 2~ molecules which help in trans the defective 
2u-derived vectors. We therefore introduced intact pKDl molecules into 
the protoplasts of K.lactis. We found that the plasmid could repl icate 
indefinitely without any selective pressure. By genetic crosses, the 
plasmid has been propagated to other K.lactis host strains. Thus the 
natural plasmid of K.drosophilarum has now become a resident plasmid of 
Kluyveromyces lactis strains. When we used these strains for 
transformation with the marked recombinantplasmids, we found that the 
stability of transformants was, as we had hoped, considerably improved. 
Some examples are shown in lable 1. 1ransformation frequency was 
generally in the range of 10- to 2xIO- . We have also constructed a 
shuttle vector carrying the replication origins of 2~ and pKDI. 

5.Conclusion and perspective 
It appears that the pKDI-derived transformation system of Kluyveromyces 
lactis we have developed is comparable to the 2~-derived system of 
Saccharomyces cerevisiae in terms of efficiency and stability. The 
problems such as the control of copy number or the long term maintenance 
can probably be treated very much like in the case of 2J.1 DNA with I'lhich 
we are more familiar. Concerning the host specificity of yeast plasmids, 
it is known that the linear killer plasmids of K.lactis can stably 
repl icateinS.cerevisiae. In contrast the host range of yeast circular 
plasmids appears to be narrow. pKDI cannot survive in S.cerevisiae, and 
2~-based vectors are unstable in K.1actis and in other yeasts. However, 
within this generic barrier, some circular plasmids seem to be able to 
pass from one species to another and perpetuate in the new host. Examples 
have been seen in Saccharomyces, Kluyveromyces and Zygosaccharomyces . 

. Since all circular plasmids of yeast discovered so far are, quite 
interestingly, essentially similar in their genomic organization (we may 
call them the 2J.1 family), it is forseeable that more of this type of 
circular plasmids will be discovered in other genera. It is perhaps with 
such plasmids that we should be able to construct useful transformation 
systems which will be specific for each genus of yeast. Within the genus 
we could transfer the "helper resident plasmid" from one species to 
another. On this perspective, a systematic screening of a large variety 
of yeast for new circular plasmids still remains tp be an important task 
at present. The 440 species of yeast belonging to some fifty genera are 
represented by thousands of strains conserved in well maintained stock 
centers. They are a source of many unexplored biological functions. 



485 

References 
1. Gunge,N. et al., J.Bacteriol. 145,382-390 (1981) 
2. Wesolowski,W. et al., Current Genetics 5, 191-197 (1982) 
3. Sor F.<llld Fukuh,lra,H., Current Genetics 9,147-15 (l9R5) 
4. Stark,.-l. et al., Nucl.Acids Res. 12, 6011-6031 (1985) 
5. Hishinuma,F. et a1., Nuc1.Acids Res. 12, 7581-7597 (1985) 
6. Falcone,C . et al., Plasmid, in the press. 
7. Chen X.J. et al., Submitted for publication. 
8. Hartley,J.L. and Donelson,J.E., Nature 286, 860-864 (1980) 
9. Toh-e,A. et al., Nucl.Acids Res.13, 4267-4283 (1985) 
10. Araki,H. et al., J.Mol.Biol. 182, 191-203 (1985) 
11. Broach,J.R. and Hicks,J.B., Cell 21, 501-508 (1980) 
12. de Louvencourt,L. et al., J.Bacteriol. 154,737-742 (1982 or 83) 

Figure 1. Structure of the circular plasmid pKD1 from Kluyveromyces 
drosophi 1 a rum. One of the two isomer formsi s sho~ln. It is 4757 bplong 
and has inverted repeats (the 
centralstem)atwhich the geneC 
orentation isomerism occurs. 
There are three open reading 
frames (gene A, B and C), the 
geneA is supposed to be a FLP 
recollibinase. The hatched area 
is the replication origin. 
Many single restriction sites 
are available as shown. 

gene A 

Table 1. Stability of Kluyveromyces lactis transformants obtained by 
pKD1-derived recombinant plasmids. Effect of resident pKD1. 

Host strain 
Resident plasmid 

pKD1-vectors: 
B11 
El 
PI 
P3 
A15 
Sl1 
HP1 

21J-vector: 
pG63 

Kluyveromyces lactis 
A-I A-2 B-1 B-2 

::>KDl pKDl 

4.8 1.7 73 71 
84 97 64 62 
18 46 54 42 
30 38 36 48 
3.6 35 40 
7.5 8.9 26 33 
8.7 9.1 15 14 

0 0 

S.cerevisiae 
S150-2B 

2)J 

0.14 
<0.29 
<1.7 
<0.19 
<2.1 
0.34 
0.15 

60 

The stability of transforllldnts is expressed as % uri\+ colonies after 6 
generations of growth in a non-selective medium. The plamids 811, El, PI 
and P3 contain the totality of pKDl sequence while A15, 511 and HPI have 
only a seglilent of it. pG63 is a kind gift of M.Guerineau. All plasmids 
contain URA3 marker and pBR322 sequences. K.lactis hosts are isonuclear 
uraA strains, with (A-I, B-1) or without (A-2, B-2) killer plasmids. 
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et Expression du Genome". CNRS. Abstracts p.37. (1986). 

6. Properties of the circular plasmid pKD1 from the yeast Kluyvero
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Title of research:activity: 

Identification and cloning of genes which encode enzymes for 
improved dairy fermentation processes. 

Head(s) of project: M.J. Gasson 

Scientific staff: S.H.A. Hill, P.H. Anderson, K. Jury 

I. Other research group(s) collaborating actively on this project: 

Dr C. Daly, University College, Dept. of Dairy & Food Microbiology, 
IRL-Cork 
Dr W.M. de Vos, Netherlands Institute for Dairy Research (NIZO) 
P.O. Box 20 
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Dr M. Teuber, Bundesanstalt fur Milchforschung 
Hermann-Weigmann-Str. 1 
0-2300 Kiel 1 
Dr G. Venema, Institute of Genetics, University of Groningen 
Kerklaan 30, NL-9751 NN Haren 

II. General objectives of the project: 

To apply genetic engineering techniques to the lactic streptococci 
by developing vector systems and improving transformation techniques. 
To clone and characterize genetic determinants for industrially 
important characteristics. 
To apply genetic technology in the development and improvement of 
accelerated ripening agents for Cheddar cheese manufacture. 
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III. Summary of the main results obtained during the period under contract: 
1. METHODOLOGY 

Standard gene cloning and molecular biological techniques were used. 
Techniques for lactic streptococci have been published (Gasson, J. Bacterio1 
~, 1-9, 1983; Gasson and Anderson, FEMS Microbio1. Lttrs. 30, 193-196; 
Maeda and Gasson, J. Gen. Microbio1. 132,331-340, 1986). A qualitative 
and quantitative assay for lactic streptococcal proteolytic activity was 
developed. This involved incubating whole cells or purified proteinase 
with casein and observations of peptide degradation products by SDS poly
acrylamide gel electrophoresis (Hill and Gasson, J. Dairy Res. in press). 
2. RESULTS 

Lactic streptococcal vectors 
A replicator probe plasmid pOC103 composed of the f.co1i vector pAT153 

together with the gram positive chloramphenicol resistance gene of pC194 
flanked by po1ylinkers, was used to isolate lactic streptococcal plasmid 
replication regions by shotgun cloning into ~.subti1is 168. Genetically 
marked derivatives of cryptic plasmids pSH71 and pSH72 from ~.lactis 712 
and of the citrate plasmid pCT176 were obtained. They could be transferred 
into plasmid free derivatives of ~.lactis 712 (MG1363) and ~.lactis v. 
diacety1actis 176 (MG836) using polyethylene glycol treated protoplasts 
and plasmid pSH71 derivatives were also transferred into f.coli. 

The replication region of this latter plasmid pSH71 was used to 
construct a vector series. Plasmid pSH71 DNA prepared from the single 
plasmid carrying strain MG1365 was cleaved with restriction endonuclease 
C1aI and ligated to a purified 3.8 Kb TaqI fragment from Bacillus plasmid 
pBD64. The latter encoded chloramphenicol and kanamycin resistance genes 
but lacked a replication region. Chloramphenicol resistant transformants 
of Bacillus protop1asts were selected. From 118 transformants 3 different 
vectors were isolated. They are distinguished by the presence and the 
location of a ClaI site. The vectors are transformable into B.subtilis - -
f.co1i and ~.lactis and in the latter host have high copy numbers (54-60 
copies/chromosome). The Bg1II site within the kanamycin resistance gene 
can be used for insertional inactivation. 

A promoter from plasmid pLP712 (promoter A) was isolated as a 49 base 
pair C1aI-HindIII fragment which has been characterized by its expression 
of a promoterless chloramphenicol resistance gene and by determining its 
DNA sequence. This fragment together with a poly1inker from pUC18 has been 
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EcoRI 

EcoRI 

EcoRI 

CIa I 

8g/11 

placed between the Cla1 and EcoR1 sites 
of vector pCK17 to provide an expression 
vector (pMG4536) that is being used to 

Pvull investigate gene expression in 
S.lactis 712. 

Pvull 

Cloning industrially important genes 
The 56.5 Kb metabolic plasmid 

pLP712 from ~.lactis 712 encodes genes 
for lactose catabolism and a potent 
cell wall bound proteinase. The 
plasmid has been characterized by 
restriction endonuclease mapping and 
analysis of in vivo generated deletions. 

Chloramphenicol The location of 1 actose and protei nase 
resistance 

Chloramphenicol 
resistance 

genes was determined and these regions 
have been cloned. 

The gene for the cell wall bound 
proteinase was located on a 4.8 Kb 
Bg111 '0' fragment by deletion 
napping. This fragment was cloned in 
B.subtilis using the Bg111 site of 
~ --
vector pCK1. Two recombinant plasmids 
with intact '0' fragments (pSH784, 
pSH790) were transformed into the 
plasmid free ~.lactis strain MG1363. 

Restriction maps of vectors pCKl. pCK17 and pCK21. Only a very weak proteolytic activity 
Solid 'areas are derived from Bacillus vector pBD64 and open 
areas from streptococcal cryptic plasmid pSH71. 'Was detected. The cloned DNA was 
extended with an overlappingSphI fragment, again using ~.subtilis as host. 
Problems of deletion formation were encountered and a partially extended 
clone (pSH1084) was isolated. When transformed into ~.lactis MG1363 this 
had readily detectable proteinase activity with a normal casein. 
degradation specificity. However, activity was below that of the wild 
type gene of plasmid pLP712. 

The ~haracterization of a part of the lactose region that encodes 
the gene for phospho-a-D-galactosidase is shown. This gene is being 
further characterized and sequenced in collaboration with W. de Vos (Ede), 
the promoter region and N terminal sequence has been determined. 
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A 7.95 Kb metabolic plasmid pCT176 from ~.lactis v. diacetylactis 
176 encodes the gene(s) for citrate permease that is essential for 
diacetyl flavour formation by that strain. The plasmid has been 
characterized by restriction mapping, cloning and gene expression studies. 
Genes that encode proteins of 33 Kd and 47 Kd were located by ~ vitro 
transcription/translation of cloned segments of citrate plasmid DNA. 

Starter demethiolase activity 
Starter bacteria are not known to produce methane thiol which has 

been defined as an important flavour compound in Cheddar cheese. In 
testing the genetic background of ~.lactis 712 for the introduction of a 
foreign demethiolase gene, such an inherent demethiolase activity was 
discovered. The activity was very low but very stable, still being 
readily demonstrable in 6 month old lyophilized cell lysates. Production 
of methane thiol was confirmed by gas chromatography. 

3. DISCUSSION 
Progress in applying genetic engineering technology to the lactic 

streptococci was made. Key genes for industrially important 
characteristics were isolated and characterized. Some problems of 
instability and deletion formation were encountered when cloning the 
proteinase region of plasmid pLP712. Lower than wild type activity for 



proteinase clones was probably due to truncation of a very large 
proteinase gene. The demethiolase activity of ~.lactis 712 may be a key 
component in flavour acceleration by cell free extracts of this strain. 
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IV. Publications issued during the period under contract: 

Gasson, M.J. & Anderson, P.H. (1985) Highcopy number plasmid vectors for 
use in lactic streptococci. FEMS Microbiol. Lett. 30, 193-196 

Maeda, S. & Gasson, M.J. (1986) Cloning expression and location of the 
~.lactis gene for phospho-a-D-galactosidase. J. Gen. Microbiol. 132 
331-340 

Hill, S.H.A. & Gasson, M.J. (1986) A qualitative screening procedure for 
the detection of casein hydrolysis by bacteria, using sodium 
dodecyl sulphate polyacrylamide gel electrophoresis. J. Dairy Res. 
(in press) 
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V. Research lines which proved to be unsuccessful: 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

1. Problems of deletion formation when cloning the proteinase 
region of pLP712 were more serious than anticipated. 

2. The discovery of a demethiolase enzyme in ~.lactis 712 was 
contrary to published literature which states that no such 
activity is found in starter bacteria. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects): 

The demethiolase and proteolytic ability of ~.lactis 712 are 
directly relevant to the development of an accelerated cheese 
ripening product based on a starter enzyme cocktail (Imperial 
Biotechnology) . 
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Title of research activity: 

Cloning and expression of alpha amylase gene from Bacillus 
stearothermophilus in Staphylococcus carnosus and other 
species. 

Head(s) of project: Dr. Friedrich G~TZ 
Prof. Dr. Karl Heinz SCHLEIFER 

Scientific staff: Dr. Karin THUDT 

I. Other research group(s) collaborating actively on this project: 

Dr. D. McConnel 
Trinity College 
Dept. Genetics 
DUBLIN, Ireland 

Dr. C. Hollenberg 
Universitat DUsseldorf 
Institut fUr Mikrobiologie 
DUSSELDORF, FRG 

II. General objectives of the project: 

It is of particular interest whether genes from less related 
organisms like bacilli can be cloned and expressed in ~. ~ 
~. ~. carnosus is used as a starter culture for the ~ro
duction of dry sausage and the degradation of meat glycogen by 
the aid of an ~-amylase could be of technological importance. 
Since staphylococci do not produce amylases, the «--amylase 
gene of Bacillus stearothermophilus was cloned in ~ carnosus. 
Hybrid plasmid stability and amy gene expression should be 
analyzed in staphylococci. 
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III. Summary of the main results obtained during the period under contract: 

1. Cloning of the ~-amylase gene (amy) in Staphylococcus carno-

sus 
We have cloned the plasmid localised amy gene of Bacillus stea

rothermophilus ATCC 31199 in S. carnosus. 

Most of the hybrid plasmids isolated from some to the ~-amylase 

positive ~. carnosus clones exhibited a size of 11.3 kb (Fig. 

1). This hybrid plasmid, designated pamy7, was composed of 

pCA43 (5.9 kb) containing a 5.4 kb DNA insert at the HindIII 

site. DNA insertion at the HindIII site of pCA43 leads to in

sertional inactivation of the arsenate- and arsenite resistance. 

FIG. 1. Restriction map of pamy7 

The double line represents the 
plasmid vector J=CA43 and the 
filled in segment the 5.4 kb 
HindIII DNA insert fran one of 
Hie B. stearotrerrrophilus A'IO: 
31199 plasmids, codinq for 
"'-amylase. The arsenate and 
arsenite resistance operon 
(asa/asi) of J=CA43 is interrupted 
by the DNA insertion at the FiindrII 
site. Cat denotes the chloramphe-
nicol resistance gene. .. 

2. Expression of~-amylase gene in various staphylococcal spe-
·cies 

In order to study c£.-amylase gene. expression in other staphylo

coccal species, pamy7 was transformed into ~. aureus SA113, 

~. hyicus subsp. hyicus DSM 20459, ~. xylosus KL117 and~. £Ei= 
dermidis ATCC 14990. The various staphylococci produced diffe

rent amounts of <ramylase as shown in Table 1. The strains were 

cultivated aerobically as a batch culture and at the indicated 

time ~-amylase activity was determined in the culture superna

tant. After 40 hs cultivation ~-amylase activity reached a ma

ximum in B·. stearothermophilus (taken as 100% activity) follow

ed by ~ aureus (pamy7) (38% activity), ~. hyicus subsp. hyicus 

(pamy7) (11%),~. xylosus (pamy7) (2.9%), and s. carnosus 
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(pamy7) (0.8%). This result revealed that the staphylococcal 

species exhibit pronounced differences in the expression of dC

amylase. With ~. aureus (pamy7) ~-amylase activity was 40 times 

increased compared to~. carnosus (pamy7). 

Table 1 

Amounts of ~-Amy produced by various strains 

~. stearothenrophilus and the various staphylococci were cultivated in TY
broth at 65 and 37°C, respectively. At the indicated time Ar.rrj activity of 
the culture supernatant was determined. Staphylococci were kept under se
lective pressure by 10 ug On/ml. Ar.rrj activity was assayed with dinitrosa
licyclic acid. 

Tine (h) 15 24 40 72 120 

Strains units/liter 

~. stearothenrophllus 1300 2970 3800 2600 1650 
~. aureus Ulamy7) 930 1130 1440 1980 1890 
~. hyicus subsp. 

hyicus (pamy7) 342 366 420 450 513 
S. xylosus (pamy7) 7 32 110 164 189 
s. camosus (pamy7) 29 30 32 41 53 

3. Biochemical characterization of the ~-amylase isolated from 
S. aureus 

Since ~. au reus SA113 (pamy7) was the main dC-amylase producer 
among the tested staphylococcal species, the enzyme was isola
ted from the culture supernatant of this strain and purified 
to homogeneity. SDS-PAGE resulted in a single protein band, in
dicating the presence of only one type of subunits, with a re
lative molecular weight of 58.000. The enzyme has an optimum 
pH near 5.5 and an optimal temperature for enzyme activity of 
65°C. The same results have been obtained with the ~-amylase 
~solated from~. stearothermophilus. 

4. Increase of plasmid stability of pamy7 in S. carnosus 

pamy7 exhibited a segregation instability both in S. carnosus 
and in the other staphylococcal species. After cultivation, the 
various staphylococcal species with pamy7 for ca. 60 cell ge
nerationswithout selective pressure (in the absence of chlo
ramphenicol) only 3-5% of the cell-population had retained 
pamy7. The rest of the population had lost the entire plasmid. 
Only in ~. xylosus, pamy7 was more stable since 75% of the 
cell population had retained pamy7. 
In a first strategy we tried to remove unnecessary DNA sequen
ces flanking the amy gene of pamy7. We constructed several de
rivatives in which the size was reduced from 11.3 kb (pamy7) 
to 5.5 kb (pamy11) and could thus increase the stability from 
6% to 75% (see Table 2). The ~-amylase production was unaffec
ted. The results show that there are DNA sequences present on 



pamy7 leading to an enhanced plasmid instability. By removing 
these sequences the plasmid stability could be enhanced. 

5. Attempts to increaseo(..-amy1ase production in S. carnosus 
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We tried to increase ~-amy1ase production by trans locating the 
amy gene to a high copy number plasmid. From Dr. Novick we have 
obtained plasmid pT1B1cop60B, a tetracyc1in resistant plasmid 
which exhibits a copy number in Staphv1ococcus of ca. BOO co
pies/cell. We have supplied this plasmid with a po1y1inker 
and desiganted the derivative pcop13. The amy gene containing 
DNA-fragment of pamyE was inserted into pcop13, thus creating 
plasmid pcopamyE. This plasmid exhibited a high segregation 
instability, however, kept under selective pressure, about 
five times more~amy1ase was produced compared to pamyE. 

Table 2. Stability and activity of various amylase p1asmids in 
Staphylococcus carnosus 

Plasmid Plasmid Extracellular 

Clones and p1asmids 
stabilitya) size amylase activity 

(%) (kb) (U/1 culture medium) 

1 • ~. carnosus (pamy7) 6 11.3 64 
2. S. carnosus (pamy8) 36 6.9 65 
3. ~. carnosus (pamy11) 75 5.5 60 
4. S. carnosus (parnyE) 100 5.5 197 
5. s. carnosus (pcopamyE) 1 7.9 1,147 

Parental E1asmids: 

6. S. carnosus (~194) 100 2.9 
7. s. carnosus (£0.43) 96 5.9 
B. s. carnosus (poop13) 25 4.4 

a) The cells were cultivated without antibiotics for ca. 60 cell 
cycles. Single colonies (100 were then transferred onto a 
replica plate and investigated for antibiotic resistance. 
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W. Bors, M. Saran, and D. Tait, Walter de Gruyter, Ber
lin, New York, pp 131-135. 

Sedewitz, B., Schleifer, K.H., and Gotz, F. 1984. Purification 
and biochemical characterization of pyruvate oxidase from 
Lactobacillus plantarum. J. Bacteriol. 160, 273-278. 
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of Lactobacillus plantarum. J. Bacteriol. 160, 462-465. 
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in Staphylococcus carnosus. Arch. Microbiol. 140, 218-
224. 
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V. Research lines which proved to be unsuccessful: 

The isolation of a stable replicating pamy7 plasmid in ~. ~ 

~ by prolonged cultivation with or without selective pres

sure was unsuccessful. 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

The amy gene of the thermophilic Bacillus stearothermophilus 

can be expressed in staphylococci via its own transcriptional, 

translational and secretional signal sequences. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects) : 

S. carnosus is used as a starter culture in fish and meat fer

mentation. The use of genetically modified organisms in food 

needs some precautions. The respective gene product has to be 

non-toxic and the respective DNA has to be characterized by its 

sequence. This is one of the reasons why we now try to sequence 

the ~. stearothermophilus DNA insert in pamyE. We hope that the 

industrial exploitation is possible in the near future. 
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Title of research activity: 
• 

Construction of transformed yeast strains for agro-food 

applications and development of systems for stabilizing the 

genetic material introduced by genetic engineering into the 

food yeast Saccharomyces cerevisiae. 
Head{s) of project: 

Prof. Marcelle Grenson 

Scientific staff: 

K. Broman, J.C. Jauniaux, M. Vandenbol, S. Vissers 

I. Other research group{s) collaborating actively on this project: 

II. General objectives of the project: 

The objectives were to obtain high-performance yeast strains 

with regard to the production of materials of interest for 

agro-food applications and the utilization of cheap culture 

media. The central aim was to clone structural genes for 

transport systems and related regulatory genes, so as to 

obtain yeast cells with either increased power of amino-acid 

accumulation or an enhanced ability to release overproduced 

metabolites into the medium. 
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III. Summary of the main results obtained during the period under contract: 

1. METHODOLOGY 

-Classical yeast genetics for the development of "isogenic 
DNA" librairies and recipient strains 

-Development of media for the selection of desired clones. 

-Molecular cloning and manipulation of cloned DNA, analysis 
of RNA products 

-Assay of permease activities using radioactively labelled 
substrates 

-Measurement of internal pools of transported substances 

-Chemostat cultures for the study of plasmid stability 

2.RESULTS AND DISCUSSION 

A. The proline permease structural gene PUT4 was cloned. 

Its presence on the cloned fragment was confirmed by directed 
integration (1) of an integrating plasmid carrying a portion 
of the cloned gene into the chromosome at a position closely 
linked genetically to the PUT4 locus. 

Multiple copies of the cloned gene resulted in a 4 to 25-fold 
increase in proline permease activity, depending on the 
genetic background of the host strain and on the choice of 
medium. The activity increase was most spectacular in the 
presence of ammonium ions, which normally reduce or suppress 
proline uptake. 

B. The effects of media and mutations on PUT4 aene 
expression were studied at the level of PUT4 RNA formationl 
stability. 

The negative effect of ammonium ions on proline permease 
activity is well documented. A double effect on permease 
synthesis and permease activity has been proposed (2,3). In 
the course of the present work, we have shown that the control 
of permease synthesis by ammonia involves a regulation of gene 
transcription and/or messenger stability. We have identified 
four mutations: gln1 t ., gdhCR, gdhA and npr1 which lift the 
control on per~ease synthesis at this level. 



508 

C. Cloning of a positive regulator gene: the NPR1 gene. 

The Npr1 protein is believed to be a (re-)activator of at 
least five yeast permeases including the proline permease and 
the general amino-acid permease (Gap). The NPR1 gene was 
cloned and its identity confirmed by disruption of the 
chromosomal NPR1 gene copy. Multiple gene copies 
(approximately 17) did not increase Gap activity on activity
promoting media (4). On an unfavourable medium, however 
(minimal ammonia medium), amino-acid uptake via the Gap was 
markedly increased. 

D. Cloning of the GDHA gene involved in both repression and 
inactivation of at least three permeases. 

The GDHA gene encoding the anabolic glutamic acid 
dehydrogenase was cloned and its identity confirmed by 
sequencing: strong homology with other glutamic acid 
dehydrogenase genes was apparent. Mutations in this gene cause 
total derepression and partial (re-)activation of certain 
permeases in the presence of ammonium ions. We have shown that 
neither the measured dehydrogenase activity nor GDHA messenger 
production/stability are altered by the choice of medium. the 
action of the GdhA protein in permease regulation will be 
further studied using the cloned gene. 

E. Plasmid stability was studied in chemostat-qrown yeast 
cultures . 

Three plasmids constructed from the pFL1 vector (7.7 Kb) 
which carries the 2~ circle replication origin and the URA3 
gene as a selection marker were used in our experiments: 
pCAN1-17 (18.5 KB) and pCAN1-41 (9.2 KB), carrying the 
arginine permease, and pPUT4-11 (18.5 KB). In order to ensure 
isogenicity, all DNA fragments were cloned from our wild-type 
strain E1278b and all mutated host cells derived from the 
same. Transformed host cells were grown under variable 
chemostat or batch conditions without selection pressure for 
plasmid maintenance (uracil added to media). At daily 
intervals, suitable dilutions of the cultures were spread onto 
complete medium. The resulting plates were replica-plated onto 
selective medium to determine the proportion of ura3- cells in 
the population. 

The conclusions of the study were as follows: 

-Plasmid stability decreases with increasing plasmid size. 

-Plasmid stability differs in haploid and diploid cells. 
Diploidy favoured plasmid stability in glucose-limited 
chemostats but decreased plasmid stability in ammonia-limited 
chemostats. 



-Increasing the dilution rate, thus favouring more rapid 
growth, h,d a favourable effect on plasmid stability. this 
points to the possibility that an element required for 
plasmid partition becomes limiting in slow-growing cultures. 

problem 
type of 
varies 

These studies also enabled us to call attention to a 
which is a potential source of counting error in this 
investigation: the aggregation of cells, which 
according to cell ploidy and culture conditions. 
sonication is sufficicient to break the aggregates. 
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V. Research lines which proved to be unsuccessful: 

NONE 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

- Measured increases in permeases activity, whether due to the 
presence of multiple structural gene copies or to multiple 
copies of the regulatory gene NPR1, are more marked in the 
presence of ammonia than in media which favour permeases 
activity. This points to the existence of activity-limiting 
factors other than gene dose on favourable media. 

- The unexpected favourable effect of rapid growth on plasmid 
stability indicates that plasmid partition is limlte~y an 
element other than the passage of unbound plasmids from the 
mother to the daughter cell. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects): 

Regulatory mutations combined with multicopy plasmid-borne 
structural (PUT4) or regulatory (NPR1) genes increase permease 
activities 4 to 25-fold. Since ammonium ions are present in 
complex industrial media, the marked activity increases 
obtained in their presence could prove essential in the 
selective pumping of amino-acids into the cells. On the other 
hand, mutations (e.g, nprl) which impair uptake would favour 
secretion of over-produced metabolites. 
That rapid growth favours plasmid stability could apply to 
fermentor growth and to the improvement of storage procedures. 
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Title of research activity: 

Approche genetique et moleculaire de S~eptomyce6 ambo6acien6. 

Head(s) of project: M. GUERINEAU 

Scientific staff: 

Laboratoire de Biologie et 
Genetique Moleculaire Bat.400 - Univ. Paris-Sud, Orsay 

M. LUZZATI 
J-L PERNODET 
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I. Other research group(s) collaborating actively on this project: 

II. General objectives of the project: 

A comprehensive study of S~eptomyce6 ambo6acien6. Construction 

of a genetic map and localization of spiramycin resistance and 

production genes. 

Characterization and biology of the endogenous plasmids: transfer 

excision, integration. 

Cloning and Characterization of the spiramycin resistance determi

nants. Chromosomal amplification. 
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III. Summary of the main results obtained during the period under contract: 

Streptanyces are mycelia-forming, gram-positive soil bacteria which pro

duce a large variety of chemically different antibiotics, cytostatics, 

enzymes and enzyme inhibitors. The project was to study Streptanyces 

anix)faciens, producer of the macrolide spiramycin. This antibiotic is 

especially active cgainst gram-positive bacteria, and is considered as 

very important to antibiotc therapy. 

1) - Genetical study of ~ ambofaciens. In order to establish a genetic 

map of this organism, the isolation of a large Il\.IIIber of mutants is 

necessary. Spontaneously arising mutants have been isolated by plating 

out spores on media containing various growth inhibitors (antibiotics, 2-

deoxy-glucose, fluoro-orotic acid). Moreover, around 50 auxotrophic 

strains \\ere isolated after UV mutagenesis. Other mutcgens have been used 

(nitrous a:::id,N-methyl N'nitro-N-Nitrosoguanidine). Crosses between mul

timarked strains have been performed. The spontaneous freqUency of recan

bination is very low (10-5 to 10-6 ), and no reliable results \\ere ob

tained in this way. Crosses involving conjugative plasmids are now in 

progress. The possibility of performing crosses through protoplast fusion 

is also investigated. 

2) - Search for plasmids in ~ ambofaciens. ~ ambofaciens strains belon

ging to four different linecges have been screened for the presence of 

plasmids. we have isolated and characterized two plasmids, pSAMl (80 kb) 

and pSAM2 (11.1 kb). pSAM2 has been found as a free plasmid or as an 

integrated DNA sequence depending on 1?e strain. The restriction map of 

both forms(free and integrated) has been established (fig. 1; fig. 2). Both 

forms of pSAM2 can coexist in the same strain. one of the strains of S. 

anix)faciens was devoid of the plasmids pSAMl and pSAM2, free or inte

grated. The integrated form can be excised through interspecific crosses 

~ ambofaciens.! ~ lividans, giving rise in ~ lividans to free plasmid 

pOSl, identical to pSAM2. A derivative of p)Sl was constructed, carrying 

the thiostrepton resistance gene in a non-essential region, and this 

plasmid pOS7 was used in transformation experiments with protoplasts of 

~ ambofaciens ATCC 23877 (containing pSAM2 only as an integrated sequen

ce) and ~ ambofaciens DSM 40697 (plasmid-free and integrated pSAM2-

free). In both cases, two kinds of thiostrepton-resistant transformed 
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clones were OOtained: clones carrying paS7 as a free plasmid, or clones 

carrying paS7 in an integrated state. Studies on clones where paS7 was 

integrated indicated that the integration event is prOb~y site-speci

fic. '!he integration site has been precisely mapped on the plasmid (fig.l 

) and on the chranosane (fig.2 ). Experiments to localise regions neces

sary for the replication, stability and transfer are naN in progress. 

pOS7 can then be used as a replicative ITUlticopy plasmid, or as an 

integrative monocopy vector, depending on the conditions. 

EcoRI Pvul 

EcoRY 

&gil 
.Kpnl 

Fig.I.Restriction endonuclease map of pSAM2 (11.08 kb). The 
dotted line indicates the region of integration into the chromosome 

pOS7 5 kb 

in strain DSM 40697 

Fig.2. Restriction map of thecchromosomal region with 
a pSAM2 derivative (pOS7) integrated. 
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3) - Olranosanal a!pl.ification in ~ ambofaciens. In different Strepto

myces, certain DNA sequences can be CIIIplified after Ethidiun bromide 

treatments. In ~ ambofaciens 8 strains carrying DNA amplifications have 

been obtained. All the amplified sequences share a common part of 10.6 

kb, consisting in two BamHI fragments of respectively 5.9 and 4.7 kb. 

These fragments have been cloned in vector pIJ702. Experiments to map the 

amplifiable and amplified chromosomal regions are now in progress, using 

the cloned fragments as probes. 

4) - Cloning of the spiramycin resistance determinant. S. ambofaciens 

produces the macrolide antibiotic spiramycin, and during production is 

resistant to this antibiotic which inhibits protein synthesis l::T:l binding 

to ribosomes. ~ ambofaciens is also resistant to several others antibio

tics belonging to the Macrolide Lincosamide Streptogramin B (MLS) group. 

This resistance has been shCMn to be inducible. OUr aim is to study the 

resistance gene(s), the mechanism of resistance and its induction and to 

correlate appearance of resistance with the commitment to antibiotic 

production, a major change in the metabolism of the producing organism. 

As no spiramycin sensitive rrutants were obtained in ~ ambofaciens, S. 

lividans was chosen as an host for cloning the resistance determinant. S. 

ambofaciens mutants with a constitutive resistance were obtained and 

their DNA was used in a shot gun cloning experiment with the vector 

pIJ61. Several clones resistant to MLS antibiotics were obtained. '!hese 

clones harbour plasmids whose inserts share a common fragment. This 

fragment has been used as a probe in hybridization experiments with total 

DNAs of strains with either constitutive or inducible resistance. In both 

cases this probe gave a strong hybridization with four different restric

tion fragments, suggesting the existence of four copies of the resistance 

determinant in the genome of ~ ambofaciens. '!he four copies of the wild 

type strain have been isolated after COlony hybridization with a cosmid 

library. '!he analysis of the different cosmids containing one of these 

copies has shCMn that they are not crljacent in the chromosome. '!he mole

cular study of the resistance determinants is now in progress. 
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IV. Publications issued during the period under contract: 

J-L. PERNODET, J.M. SIMONET and M. GUERINEAU (1984) : Plasmids in 
different strains of S~eptomyCe6 ambo6ac£en6. Free and integrated 
forms of plasmids pSAM2. Mol. Gen. Genet. ~: 35-41. 

J-L. PERNODET, J.M. SIMONET, M. GUERINEAU (1984) : Caracterisation 
d'un plasmide de S~eptomyCe6 ambo6ac£en6 pouvant exister sous 
forme libre ou integree dans Ie chromosome. In: Genetique des 
Microorganismes Industriels. H. Heslot, ed. Societe fran~aise 
de Microbiologie, Paris, 293-297. 

M. GUERINEAU, J-L. PERNODET et J.M. SIMONET (1984) : Caracterisation 
d'un plasmide libre et/ou integre dans S. ambo6acien6. 
XVO Rencontres de Meribel. 

J.M. SIMONET, J-L. PERNODET, M. GUERINEAU (1985) : Instabilite 
genetique et amplification chez S. Ambo6acien6. 
XVI o Rencontres de Meribel. 

J.M. SIMONET, J-L. PERNODET, J. GAGNAT, M. GUERINEAU : Excision 
and integration of a self-transmissible replicon of S~eptomyCe6 
ambo6acien6 soumis nour publication. 
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V. Research lines which proved to be unsuccessful: 

Genetic map construction. due to a delay in the obtention of stable 

mutants. 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

Integration of pSAM2 derivatives at a specific site of the chromosome 

of S. ambo6aC£en6. Application to the construction of integrative/ 

replicative vectors. 

VII. 'Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects) : 
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Title of research activity: 

Transfer of genes for the biodegradation of agricultural wastes from 
rumen bacteria into Bacillus subtilis and the direct use of such 
genetically engineered bacteria as inoculants for silage or pre-treatment 
of crop wastes in situ. 

Head(s) of project: 

Dr W J Harris 

Scientific staff: 

Dr M L McConville 
Dr J E M Gilmour 
I. Other research group(s) collaborating actively on this project: 

None 

II. General objectives of the project: 

The objectives were to prepare a gene library of the anaerobic rumen 
bacterium Bacteroides succinogenes in lambda and to screen this for 
enzyme activity against major plant cell wall polymers (in particular, 
cellulose and hemicelluloses). Once enzyme activity was localised the 
active DNA fragment would be transfered to Bacillus. If enzyme activity 
was expressed and maintained within Bacillus, the final stage would be to 
assess the ability of the recombinant to improve the digestability of 
low-grade feedstuffs. 
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III. Summary of the main results obtained during the period under contract: 

1 • METHODOLOGY 

1'.1 Construction and Screening of Genomic Library 

Lambda L47.1 DNA was prepared by restriction with BamH1 and the arms 
purified from the central 'stuffer' fragment by SUCrose gradient 
centrifugation. 

Chromosomal DNA was extracted from Bacteroides succinogenes strain BL2 
(kindly provided by Dr C Stewart, Rowett Research Institute, Aberdeen) 
and partially digested with Sau 3A. The fragments produced were passed 
down a sucrose gradient (10-40%) and those approximately sized between 
10-20 kb ligated into the lambda arms. 

The DNA was then packaged, Escherichia coli strain Q359 infected and 
aliquots plated on a range of substrates (Table 1). 

TABLE 1: Summary of Plate Tests Used to 
Screen the Enzymic Activity of 
B.succinogenes Library 

Substrate Test Acti'i~ 

CarbolllllltI\Yl Clelr zone with + 
cellulose Congo Red 

Locust beln gua Clelr zone with + 
'llallc~nnan) Congo Red 

LOCust bun gua Craters 1n + 
+ xanthin gua 
'galactaMnnan) 

r1g1d gil 

Llrch wood Cl eir zone wi th 
. 'arab1noga1actln) Congo Rid 

lilt s~lt Cllir ZOftl on 
'1I11an) substrate 

Ltchenln 'a 1-3. Clelr zone w1th + 
1-4 .'ucln) Congo Rid 

Pect1n Cllar zone wi th 
11 lHc1an Blue 

Pect1n Whtte preetpt tlte 
wtth 1 II CIC1Z 

-



1.2 Sub-cloning 

Positive clones were isolated and the inserts sized. Restriction enzyme 
fragments from clones active against carboxymethyl cellulose (CMC) were 
subcloned into pUCS and transformed into E. coli JM103 in order to 
identify active fragments. 

2. RESULTS 

2.1 Screening 

The plate tests showed that the library contained lambda L47.1 clones 
active against CMC, galactomannan and lichenan (Table 1). 

The galactomannanase clones fell into 2 groups on the basis of Hind III 
banding patterns of the inserts and on the ability to form craters in gel 
formed from locust bean gum and xanthan gum (Figure 1). However, a 1.5 
kb band was common to both groups. 

FIGURE 1: Galactomannanase Positive Clones Producing Pits in 
Gel Formed from Locust Bean Gum and Xanthan Gum 
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A clone able to degrade lichenan was isolated. This contained a 10.4 
kb insert which coded for an enzyme which was specific for the 61-3,1-4 
linkage of lichenan and which did not degrade the 61-4 glucan CMC or the 
61-3 glucan laminarin. 

Work concentrated on the CMC'a3e positive clones. These were found to 
fall into 7 groups on the basis of DNA banding pattern of the Hind III 
fragments. The inserts ranged in size from 5.1 kb to 11.2 kb (Table 2). 

TABLE 2: Characterisation of DNA Inserts 
from CMC'ase Positive Clones 

HI nd I II Fragments Total Insert 
Group (kb) Size Ikb)* 

1 5.2, 4.2, 2.3, 1.0, 0.6 10.6 

2 3.8, 2.2, 2.0, 1.9, 1.2 8.3 

3 5.1, 3.7, 3.4, 0.6, 0.4 10.5 

4 5.0, 2.8 5.1 

5 3.6, 2.0, 1.9, 1.6, 1.3 7.7 

6 3.0, 2.8, 2.4, 0.9, 0.8 
0.6, 0.2, 0.1, 0.07 

. 8.1 

7 5.2, 3.4, 3.2, 1.1, 1.0 11.2 

*2.7 Itb subtracted frOll sum of bands to 
account for Lambda L47.1 DNA present after 
Hind III digestion 

The CMC'ase produced by the groups all caused a rapid decline in the 
viscosity of CMC accompanied by an increase in reducing power, indicating 
that all were endo-glucanase type enzymes. The pH at which the enzymes 
were optimally active were similar, being in the region of pH 6.8. 
Activity was not detected against the crystalline cellulose, Avicel. 

2.2·Sub-cloning 

Individual Hind III fragments from CMC'ase clones ligated into pUC8 were 
not active in E. coli JM103. Positive sub-clones isolated from Group 1 
parents were found to contain 2.3 kb and 0.6 kb fragments. 
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Sub-clones containing these fragments produced an additional protein band 
of 65 kO detectable on 6% PAGE-SOS gels (Figure 2). This was produced in 
the presence and absence of the lac inducer IPTG. Although CMC'ase 
activity was readily detectable by plate test without treatment, most of 
the activity (94%) was cell associated. 

FIGURE 2: SOS-PAGE of Culture Supernatants of E. coli 

65 K band -

Track 

1: Supernatant from culture conta ining 
pUCS + insert 

2: Control supernatant of pUCS lacking insert 

Samples were prepared by Amicon concentration 
(x 20) of culture supernatants. 6% SOS-PAGE 1 2 
gel run in laemm1i buffer. 

3. DISCUSSION 

The library of B. succinogenes in lambda l47.1 was found to contain 
clones active against CMC, galactomannan and lichenan. On the basis of 
DNA banding patterns, there were 7 groups of CMC ' ase clones, 2 types of 
galactomannanase and a single lichenanase . 

The CMC'ase clones were studied further. All were found to be endo
glucanases with pH optima of pH 6.S. The individual clones showed no 



detectable activity against the crystaline cellulose Avicel, perhaps 
indicating that a combination of enzymes are required to degrade this 
substr~te. 
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Sub-cloning individual Hind III fragments into pUC8 yielded no active 
colonies indicating that Hind III cleaved CMC'ase genes. Activity was 
only produced when 2 Hind III fragments (2.3 and 0.6 kb) from Group 1 
clone were present. The active sub-clone was found to produce an 
additional protein of 65 kD. This was principally cell-associated 
although sufficient was released to make the clone readily detectable by 
Congo Red plate tests. The fragment is thought to contain 
B. succinogenes control elements as activity is produced in lac Iq host 
whether or not the lac inducer IPTG is present. 

The project has shown that a range of potentially useful enzymes from the 
anaerobe B. succinogenes can be expressed in E. coli. The possibility of 
expressing the active CMC'ase fragment in Bacillus subtilis is currently 
being investigated. The organism is known to export proteins efficiently 
and the expression of B. succinogenes genes might enhance cellulase 
breakdown by this host. The plasmid pBD8 was used to see if 
B. succinogenes control elements can function in this host and recom
binants are currently being screened as the final stage of the project. 
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IV. Publications issued during the period under contract: 

Microbial interactions, manipulation and genetic engineering. 

C S Stewart, J Gilmour and M L McConville in "New Developments and Future 
Perspectives in Research on Rumen Function. 

Editor A Niemann, CEC Brussels (1985). 
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V. Research lines which proved to be unsuccessful: 
Sub-cloning fragments producing activity proved unexpectedly difficult. 
Presumably the B. succinogenes cellulase genes contain sites for many of 
the commonly used restriction enzymes. 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

The project shows that B. succinogenes contains several cellulase genes 
which can be expressed in E. coli. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects): 

It is hoped that the enzymes cloned will make low-grade feedstuffs more 
easily digested by ruminants. 
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Title of research activity: 

Development of high level expression vectors for B. subtilis for use 
in agro-food fermentation-based industries. 

Head(s) of project: 

Dr.David McConnell/Dr.Frank Ollington. 
Scientific staff: 

Dr.Kevin Devine/Dr.Cahir a Kane. 

I. Other research group(s) collaborating actively on this project: 

None. 

II. General objectives of the project: 

The objective of this research was the further development of 
B. subtilis as a host system for use in the agro-food fermentation 
industries. Two specific areas were addressed-( 1 }Segregational 
Instability of cloning vectors in the absence of selective pressure. 
Our approach was to identify the plasmid encoded functions involved 
in the stability of an indigenous cryptic Bacillus plasmid pBAA1. 
(2)Controllable high -level expression of cloned genes. We used an 
integrating promoter-probe plasmid to screen for promoters 
inducible by a variety of environmental stimuli. 
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III. Summary of the main results obtained during the period under contract: 

H H E HK L B H E E HP 

',; I I I I I I I I pBAAI 

A 8 8 8 8 8 A A 'H 
I I I I I I I I ' paDS1 

A 8 8 8 8 8 A 
I I I I I I Ip99H23 

8 8 8 8 8 A 
I I I I I I pRHAa 

figure 1.Reqions of pBAA 1 which support plasmid replication 
in B subtiUs. A-Haeili. B-BamHI, E-EcoRI, H-Hindlll, 
K-Kpnl, L-Bcll, 8-Rsal. 

Segregational Stability. 

A cryptic plasmid,pBAA 1 ,was identified in an 
industrial strain of Bac111us. It is 6.8kb. in size,is maintained 
at a copy number of approximate Iy 10 per chromosome and ·is 
segregationally stable under industrial fermentation conditions. 
To delineate the replication and stability functions of pBM 1, 
a replicon -probe plasmid, p74A 11, was constructed by ligating the 
chloramphenicol resistance gene from pBD64 to pUCI8. Fragments 
of pBAAl were then subcloned into p74All and tested for their 
replicative ability and segregatlonal stability in B. subtllis. 

A 2.2kb. Hindlll fragment of pBAA 1, when ligated to 
p74A 11 (giving the plasmid p80S 1-see Fig 1) was found to support 
replication In B sybtl1ls. It was maintained at a copy number of 
approximately 10 per chromosome, the same as the parental pBMl 
plasmid. When cells containing this plasmid were grown In the 
absence of selection for 100 generations, plasmid free cells were 
segregated at a frequency of 2.5xl0-S. A 1.7kb. Haelll fragment, 
contained wjthln the 2.2kb. Hlndlll fragment, was also subcloned 
onto p74A l1(p99H23). It was found to support replication and be 
maintained at a copy number of 10 per chromosome equivalent In 
B subtilis. When cells containing this plasmid were grown In the 
absence of selection for 100 generations, plasmid free cells were 
segregated at a frequency of 6.5x 10-4. To further delineate the 
minimal repllcon, progressive deletions of the 1.7kb.Haelll fragment 
were generated using the enzyme Ba131. It was found that a l.4kb. 
fragment (pRHA8) ,was the minimum sized fragment which could 
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support replication.The segregational stability of this plasmid was 
approximately the same as p99H23. 

The plasmid pRHA8,although less stable than p80S 1, is 
sti11lost from cells only at a very low frequency. It is thus probable 
that it contains the functions necessary for segregational stability 
in B subtilis. We are at present further analysing the fragment 
containing the minimal replicon by (a) sequencing and (b) in vitro 
mutagenesis,to delineate the functions involved in stability ,and 
to determine their relationship to replication and copy number 
control. 

Controllable High-Level Expression 
Figure 2. Int"egrating Plasmid pOK4. 

R S 
\f E 

• 
amy k Cm 

R , 

R-EcoRI; S-Smal; E-LgW origin; amy-promoterless amylase 
gene; Tc-Tetracycline; Cm- Chloramphenicol; 

An integrating plasmid, pOK4 (Fig 2),was constructed. This plasmid 
cannot replicate autonomously in B subtilis. but can integrate into 
chromosome if it contains a fragment with homology to a 
c~romosomal sequence. When the homologous fragment is inserted 
5 to a promoterless amylase gene on the plasmid,gene fusions can 
be detected by screening transform ants for amylase activity. 
Alul, Haelll, Rsal and Hindll chromosomal fragments were ligated 
to Smal linearized pOK4 ,and the ligation mixtures were used to 
transform an amylase-ve strain of B subtilis(SO 113). A total of 738 
transformants were obtained,which were then screened for amylase 
activity on LB-starch plates. A wide variety of halo sizes were 
obtained indicating that the amylase gene had integrated into the 
chromosome at different sites under the control of different 
promoters. 

The 50S-response was used as a model system to test if 
controllable promoters could be obtained. Transformants were 
grown on plates containing mitomycin C (an inducer of the 50S 
response) and screened for an Increase in amylase production 
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over control plates. Two such stralns were found: SOI13::pOK4/542 
where the lnsertlon was mapped to the SP, regl0n of the 
chromosome, and 50113::pOK4/1128 WhlCh was mapped to the PBSX 
regl0n of the chromosome. The levels of amylase lnduclblllty by 
mltomycln C for the 1128 lnsertlon can be seen In Table 1. 

Table 1. 
InduclblHty of amylase by mltomycln C ln stralns carrylng 

the 1128 lnsertion. 

Uninduced Induced 

50113 o o 

50 113(pSA28) 147 185 

SO 113::pOK41 1128 o 214 

50 I 13(pSA28) is the amylase -ve strain containing the 
plasmidpSA28 which contains an amylase gene. It is clear from 
these data that the amylase gene is inserted into the chromosome 
under the control of a promoter activated by agents which induce 
the 50S-response in B.subtilis. 
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IV. Publications issued during the period under contract: 

O'Kane,C.,Stephens,M.A. and McConnell,D. An integrable alpha
amylase plasmid for detecting transcriptional fusions in 
B.subtilis. submitted. 
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V. Research lines which proved to be unsuccessful: 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

While investigation of the stability functions of pBAAl is 
at a preliminary stage, it is clear that the fragments containing the 
minimal replicon in plasmids p80S 1 and p99H23 encode information 
sufficient for stable inheritance of these plasmids in B subtilis. 
The usefulness of these fragments in constructing segregationally 
stable cloning vectors for use in B subtilis when grown under 
industrial conditions is being investigated. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects): 

Three aspects of this research have potential for industrial 
exploitation (1) Construction of segregationally stable cloning 
vectors as mentioned in Section VI; (2) The placement of cloned 
genes onto the bacterial chromosome where segregational and 
structural instability will be greatly reduced and (3) Isolation of 
controllable promoters of varying strengths. All three areas are 
under active investigation in our laboratory. 
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Title of research activity: 

Construction of bacteriophage resistant dairy starter cultures 
(lactic streptococci) 

Head(s) of project: 

Prof. Lr. M. Teuber, Bundesanstalt fUr Milchforschung, Postfach 6069, 

I§"~~~~itfJ~taff~ 
Lr. A. Geis (01.04.1984 - 31.03.1986), Lr. H. Neve 
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Lr. G. Venema, Institute of Genetics, University of Groningen, 

Kerklaan 30, NL-9751 NN Haren, The Netherlands 

Lr. W. M. de Vos, Netherlands Institute for Lairy Research, P.O. Box 20, 
NL-6710 BA, Ecte, The Netherlands 

II. General objectives of the project: 

During a 10-year-period a collection of more than 400 virulent bacterio
phages was built up. On this background 2 main objectives were followed: 

~ Phage resistant strains were isolated from dairy starter cultures by 

continuous challenge with a cocktail of mixed virulent phages and scored 

for their value for use in dairy industry. Correlation between lysogeny 

and phage resistance was analysed. 

~ In order to define the phage resistance determinants and to character

ize the mechanisms of phage resistance starter cultures were screened for 

phage resistance genes located on plasmids. Adsorption of virulent phages 

to sensitive and resistant strains was studied in the electron microscope. 
Key-words 
Lairy starter cultures - lactic acid streptococci - bacteriophages -
pro phages - phage resistance - plasmids 



III. Summary of the main results obtained during the period under contract: 

Key-words 

Dairy starter cultures - lactic acid streptococci - bacteriophages -

prophages - phage resistance - plasmids 

tvethodology 
Isolation, purification and characterization of bacteriophages was done 
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according to Lembke et al. (Zbl. Bakt. Hyg., I. Abt. Orig. C 1, 79-91; 
1980) and Budde-Niekiel et al. (Milchwissenschaft 40, 477-481; 1985). Iso

lation, characterization, curing and conjugal transfer of plasmids has 

been described by Andresen et al. (Milchwissenschaft 39, 140-143; 1984) 

and Neve et al. (J. Bacteriol. 157, 833-838; 1984). 

Results 

Mbre than 400 virulent bacteriophages (e.g. POOl, P008, P034; Fig. 1) were 

collected and characterized according to their host range and morphology. 

Differentiation of these phages by restriction analyses and DNA-DNA-hybri

dization is in progress. On this background the following results have 

been achieved. 

a 

Fig. 1: Electronmicrographs of negatively stained 
active against lactic streptococci. (a) P008; (b) POOl; (c) P034 
(bar: 50 nm). 

(i) Isolation and characterization of highly phage resistant strains 

from dairy starter cultures 

Nine different mixed-strain starters (cultures A-I), which were used in a 

german cheese plant from 1981 - 1985 were challenged with a cocktail of 

virulent bacteriophages. From each starter culture about 50 isolates were 

included in the experiment. 8% of the 377 strains tested revealed complete 
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resistance to the whole phage mixture, even after repeated subculturing (7 

passages) with phages. These strains revealed different plasmid profiles. 
The distribution of the phage resistant strains in two representative 

starter cultures is shown in Fig. 2. These strains - all S.cremoris - were 
also resistant to a set of phages from other dairy plants. Properties of 

these strains are summarized in Tab. 1: Only 22% of the strains were lyso
genic, indicating that there was no strong correlation between phage re

sistance and lysogeny. The temperate phages revealed different morpholo

gies as compared to the virulent phages. 16% of the strains showed good 

proteolytic and lactose-fermenting abilities (Tab. 1). 

Strains survived repeated subculturing with phage cocktail for 
7 passages. 
Strains survived repeated subculturing with phage cocktail less 
than 7 passages. 
Strains did not survive even one passage with phage cocktail. 

Fig. 2: Distribution of phage resistant strains in mixed strain dairy 
starter cultures D (a) and F (b). 

(ii) Electronmicroscopic study of the -adsorption of virulent bacterio-

phages to lactic acid streptococci (Fig. 3) 

Electronmicroscopic e~ination of phage adsorption showed two types of 

adsorption behaviour : Phages within the first group adsorb uniformly to 

the whole cell wall, whereas phages from the second group revealed site

specific adsorption to several 'receptor-spots' located on the cell-wall. 
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a b 

Fig. 3: Electron micrographs of phage P369a adsorbed to the homologous 
host S.cremoris P1/2 (a) and phage P175 adsorbed to the homologous 
host S.cremoris WG2-1 (b); bar: 100 nm. 

(iii) Isolation and characterization of plasmids coding for bacteriophage 

resistance 
(iiia) Phage resistance plasmid of S.lactis subsp. diacetylactis Bu1: 

S.lactis subsp . diacetylactis Bu1 harbours an 39 Mdal phage resistance 

plasmid (pBu1-8). This plasmid was cotransferred into the plasmid-free re
cipient S.lactis subsp. diacetylactis Bu2-60 with the 30 Mdal lactose 

plasmid of Bu1.40% of the Lac+-transconjugants tested had acquired 
pBu1-8 (transfer rate of the Lac+-phenotype: 4x10-4 per donor cells). 

During transfer pBu1-8 was enlarged by about 2 Mdal (Bu2-145; Fig. 4). 

Donor strain, recipient strain and transconjugants were tested for phage 
sensitivity with a set of 52 virulent phages. Transconjugants harbouring 
pBul-8 revealed the same resistance lysis patterns as the donor strain. 

The phage resistant transconjugant Bu2-145 harbouring the 30 Mdal lactose 
plasmid and the 41 Mdal phage resistance plasmid pBu1-B was mated with the 
plasmi.d-free strain Bu2-59. 4hage resistant transconjugants could be se
lected at a frequency of 10- per donor. All transconjugants tested har
boured plasmid pBu1-B, whereas only B% were lactose-positive, indicating, 
that pBu1-8 is self-conjugative. 

When challenged with a high-titer lysate of the wide-spread virulent phage 

POoB propagated on strain F7/2, no lysis of the donor strain Bu1 nor the 

transconjugants harbouring pBu1-8 was observed (e.o.p. <10- 10 ), whereas 

the plasmid-free recipient strain was lysed. The inability of the phage to 

form plaques on the resistant strains remained unchanged at elevated tem

peratures (35°C - 40°C). This excludes the possible involvement of a tem

perature-sensitive resistance system. No significant differences of the 
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adsorption rates of the phage resistant and the phage sensitive strains 
were detected. Adsorption rates varied between 30 and 64%. Plasmid pBu1-8 

was stable in transconjugants, even when the strains were propagated for 

several weeks under non-selective conditions. 

(iii b) Phage resistance plasmid of S.lactis 3085 

S.lactis 3085 harbours a 10,2 Mdal plasmid (p3085-2, Fig. 5) that deter
mines for a restriction/modification system. Efficiency of restriction for 
phages P008 and P001 varied from 10-3 to 10-1• Isolates of strain 3085 

cured of plasmid p3085-2, lost phage resistance (3085-10, Fig. 5).The two 
phage resistance plasmids pBu1-8 and p3085-2 were compared by restriction 

analyses and DNA-DNA-hybridization. The two plasmids did not share identi

cal DNA-fragments and revealed only weak cross-hybridization. 

abc d d b 
Mdal 

39 

Mdal Mdal 

(p8u1-8l 

Fig. 4: 

Fig. 5: 

30 
28 
22 

41 

chr 

Fig.4 

15 
10,2 

(p3085 -2l 
5 ,4 

Fig. 5 

Plasmid profiles of S.lactis subsp. diacett;lactis Bu 1 (a), the 
recipient Bu2-60 (d), transconjugant Bu2-1 5 (Lac', b) from 
mating Bu 1 x Bu2-60 and a Lac-derivate (c) of transconjugant 
Bu2-145 still harbouring the phage resistance plasmid pBu1-8 . 
Plasmid profiles of S.lactis 3085 (a) and the derivate 3085-10 
lacking the phage resistance plasmid p3085-2. 

Discussion 

(b) 

Highly phage resistant strains of lactic acid streptococci with suitable 

properties for use in dairy productions were isolated by repeated 

challenge with a virulent phage cocktail. In two strains phage resistance 

is associated with the presence of distinct plasmids. Hybridization 

experiments using these plasmids as probes might give an answer on the 

distribution of these genes in dairy starter bacteria. Genes responsible 

for phage resistance may now be cloned in appropriate cloning vectors and 

transferred to phage sensitive strains by transformation. 
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Tab. 1: Properties of highly phage resistant strains isolated from 
5 different mixed--strain starter cultures 

Origin of ~tabolism Lysogeny 
strains 

Strain Milk co- pH of Protease Lysis by Electron-
number * agulation milk activity** UV-light microscopy 

16h/30oC 20h/23°C induction 

A 37 + 4,6 1-100 
A 55 + 4,6 2300 
B 52 + 5,2 0 
o 11 + 4,4 5300 
o 16 + 4,6 1600 
020 +/- 5,4 1-100 
o 37 + 4,7 1000 
o 43 + 4,4 5200 
047 5,3 0 
F 1 +/- 5,1 1-100 + heads 
F 3 +/- 5,0 0 
F 5 + 4,8 1-100 + compl. phages 
F 10 + 4,8 1-100 
F 13 5,5 0 + compl. phages 
F 14 5,5 1-100 campi. phages 
F 19 +/- 5,2 0 
F 21 + 5,0 0 
F 22 + 4,9 1-100 + campi. phages 
F 23 + 5,1 1-100 
F 25 + 4,8 0 heads 
F 26 + 5,0 0 
F 27 +/- 5,1 n.b. 
F 28 +/- 5,1 0 
F 30 +/- 5,1 n.b. 
F 31 +/- 5,0 0 
F 35 + 5,2 0 
F 42 + 4,9 1-100 
F 46 +/- 5,0 0 
F 49 5,2 0 
F 52 +/- 5,0 1-100 
G 1 + 4,9 0 + compl. phages 
G 38 + 4,9 0 

* Isolates of cultures A (1981), B (1981), 0 (1984), F (1984) and G (1984) 
survived after 7 passages with phage cocktail. No isolates of cultures 
C, E,. H, I survived after 7 passages with the phage mixture. 

** Determination of protease activities was done according to Geis et al. 
(Appl. Microbiol. Biotechnol. 23, 79-84; 1985). Units are indicated in 

-1 -1 3 cpm x h x mg prot. x 10 • 
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V. Research lines which proved to be unsuccessful: 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

During a study of phage resistance of ropy strains we were able to prop

agate a virulent phage, originally grown on a S.lactis subsp. diacetylac

tis strain, on a non-ropy derivate of a ropy strain isolated from a Swe
dish sour milk product. Curing studies with ropy strains strongly indica

ted that the ability to synthesize the polymers was linked to a 17 Mdal 

plasmid in Swedish ropy cultures and to a 30 Mdal plasmid in strains from 

Finnish sour milk. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects): 

At present super phage resistant strains isolated in our laboratory are 

tested for their organoleptic properties. Strains with suitable sensoric 

properties shall be applicated in industrial dairy fermentations. 
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III. Summary of the main results obtained during the period under contract: 

1. METHODOLOGY 

The principle methodology used in the construction of plasmid cloning 
vectors for lactic acid streptococci consisted of marking the cryptic 
Stre tococcus cremoris plasmid pWVOl with the chloramphenicol resistance 

SSt 

Cm gene from the Baci llus subti I is plasmid pC194. The recombinant 
plasmid was subsequently provided with the erythromycine resistance (Emr) 
gene from pE194-cop6. The resulting vector could be used as an insertion
inactivation vector. Details concerning the methodology have been pub-
I ished (Kok et al., Appl.Envi ron.Microbiol .48, 726-731, 1984). The method
ology for the cloning and expression of the'S. cremoris gene(s) specifying 
the proteolytic activity was the following. The proteolytic activity of S. 
cremoris is associated with plasmid pWV05. This plasmid was subcloned en~ 
tirely in Eo col i. On the basis of hybr.idization of a particular fragment 
of the plasmid with known proteinase pJasmids harboured by different 
strains of S. cremoris, this fragment was cloned In both B. subtilis and 
S. lactis. Crossed immunoelectrophoresis was used to determine the produc
tion of proteinase in both species. Details of Southern hybridization, 
crossed immunoelectrophoresis techniques and complementation studies have 
been published (Kok et al., Appl .Environ.Microbiol.50, 94-101, 1985). 
From the cloning vectors promoter-screening and terminator-screening 
vectors were developed by standard procedures which have been detailed in 
published work (van der Vossen, Appl.Environ.Microbiol.50, 540-542, 1985). 

2. RESULTS 

(a) The development of plasmid cloning vectors for lactic acid streptococci 

An extremely important element in the development of plasmid cloning 
vectors for lactic acid streptococci was the observation that a small, 
cryptic plasmid from S. cremoris, pWVOl (1.5 megadaltons) , could be 
transferred by protoplast transformation to B. subtilis (Vosman and Vene
ma, J.Bacteriol.156, 920-921, 1983). On the basis of this observation, it 
was attempted tOimark the plasmid pWVOl with the antibiotic resistance 
marker Cm r present on plasmid pGLl12 (CmrKmr), which is a chimaere between 
pC194 and pUBll0, two plasmids extensively used in B. subtilis. Next, from 
the plasmid obtained, pGK1, a small Clal fragment was deleted and this 
construction was provided with the Em r marker carried by pE194-cop6, which 
also replicates and expresses the Em r marker in B. subtilis, resulting in 
pGK12 (2.9 Md). The details of the construction of pGK12 are shown in 
Fig. 1. 
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Fig. 1. Cloning strategy and restriction map of plasmids pGL112, pE194-
~6, pGK1, pGK11 and pGK12. The origins of plasmid segments are 
indicated in the key. For reasons of clarity only those sites 
relevant for the construction and properties of the recombinant 
vectors are shown. The concentric arcs span the fragments used 
for insertion. 

The .vector pGK12 was found to be capable of replication in E. coli as well 
as in S. lactis; in both organisms both antibiotic resistance markers are 
expressed. Copy number determinations indicated that the plasmid in 
B. subtilis, E. coli and S. lactis is present . in 5,62 and 3 copies, re
spectively. The plasmid Is relatively unstable in E. coli, but stable in 
,B. subtilis and S. lactis. 

(b) Cloning and expression of S. cremoris proteinase 

Previous observations had indicated that the proteolytic activity of 
S. cremoris Wg2 was associated with the 17.5 megadalton plasmid pWV05 
(Otto et al., Appl.Environ.Microbiol.43, 1272-1277, 1982). In an a'ttempt 
to clone the genetic information for this proteolytic activity, first a 
restriction map .of this plasmid was prepared. This map is shown in Fig. 2. 
Next was determined whether various restriction fragments of pWV01, 

-comprising the complete plasmid, could be cloned in E. coli by means of 
, pBR329 and pACYCI84. 



One particular fragment (Hindi I I fragment C, see Fig. 2) could not be 
cloned in E. coli in an uninterrupted way, but could be cloned when the 
continuity of this fragment was broken (see Fig. 2). This, and the 
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Fig. 2. Linear restriction enzyme maps of pWV05 and the recombinant plas
mids pGD4 and pGD6. The three maps are calibrated in megadaltons. 
The unique ~II site of pWV05 was chosen to map at zero position. 
Those . fragments cloned into pBR329 or pACYC184 are shown in capi
tals with the exception of Hindll I fragment C, which was cloned in 
pGKV2. The vector DNA in pGoq-and pGD6 (pACYC184 and pBR329, re
spectively) is shown in bold lines. pGD4 and pGD6 are drawn as 
reproduced to show that together they comprise Hind~1 I fragment C. 

observation that the BamH1 fragment B, and the l,4-Md BamH1-Hindl II frag
ment of pWV05 gave a strong hybridization signal with the 9-Md proteinase 
plasmid of S. cremoris strain HP might suggest that the proteinase activ
ity was specified by the 4.3-Md Hindi II fragment of pWV05, and that the 
unsuccessful cloning in an uninterrupted way of this fragment in E. coli 
might have been caused by lethality of the gene product, which is extra
cellular in S. cremoris, for the E. coli host. On the basis of these con
siderations attempts were made to clone the 4.3-Md Hindi I I fragment in B. 
subtil is, which is capable of secretion of proteins-;-Tn a derivative of
pGK12, pGKV2 (van der Vossen et al., Appl.Environ.Microbiol.50, 540-542, 
1985). These attempts were successful: a plasmid, pGK500 was-obtained, 
containing the entire Hindi I I fragment C of pWV05. The restriction map of 
pGKV2 and pGKV500 are shown in Fig. 3. By means of crossed immunoelectro
phoresis using antibodies raised against the purified proteolytic activity 
of S. cremoris Wg2 it was subsequently shown that pGKV500 gave rise to the 
production of proteolytic activity in both B. subtilis and S. lactis, 
cured for its own proteinase plasmid. This activity was very much similar 
to that produced by S. cremoris. In addition, and supporting the con
clusion that the Hindlll fragment C of pWV05 specifies the proteolytic 
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activity of s. cremoris Wg2, was the observation that pGK500 is capable to 
restore the growth and acid production of a protease-deficient s. lactis 
strain in milk. 

(c) Nucleotide sequence determination of the gene(s) specifying the 
proteolytic activity 

Fig. 4 shows the restriction map of the 4. 3-Hd Hindlll fragment C of pWV05. 
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Fig. 4. Restriction map of the 4.3-Hd Hindlll fragment specifying the 
proteolytic activity of S. cremoris Wg2. 

All subfragments, except for nr 2 (see Fig. 4) were cloned in two orienta
tions in various phage H13 derivatives, and sequenced using the chain ter
mination method in a cascade strategy with synthetic: 17-mers as primers . 
In order to sequence fragment nr 2, plasmid pGKV500, containing the entire 
HindU I. fragment, was cut with either Hindlll or BamHI and treated with 
exonuclease III. The linearized DNA was-then used as template in a se-
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quencing reaction using the appropriate primers . The same strategy using 
appropriately cut pGKV500 and exonuclease II I was followed to determ i ne 
the sequences surrounding the sites used for the subcloning in M13 . At the 
time of writing this report the two strands of the Hindll I fragment have 
been sequenced almost completely, and a putative promoter, a ribosome 
binding site and a putative sequence which is in accordance with a signal 
sequence have been identified on fragment 2. The presumed signal peptide 
also seems to function in B. subtilis as was derived from the observation 
that the label in an immunogold labelling experiment was restricted to the 
cell wall of this organism. 

(d) Construction of promoter and terminator screening vectors for 
lactic acid streptococci 

With the objective to obtain detailed information on the structure of 
expression signals in S. cremoris,a set of vectors was constructed with 
which promoters, ribosome binding s i tes and terminators can be obtained 
from S. :cr.emoris DNA . These vectors are based on pGK3, which is the 
cryptic pWVOl S. cremoris plasmid carrying the Emr marker from pE194-cop6 . 
The promoter selection vectors developed incorporate the promoterless Cm r 
gene from B. pumilus, preceded by a mult i ple cloning site for fcoRl , Smal, 
Xmal, BamHl and Pstl. 
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plasmid segments 
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These vectors, pGKVll0 and pGK210 shown i n Fig. 5, have been successfully 
used to obtain a number of S. cremoris DNA segments carrying putat ive 
promoters and ribosome binding sites. These promoters could be selected 
directly in S. lact i s, because a very efficient protoplast-transformation 
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system, based on the incorporation of liposomes of a particular composi
tion in the transformation mixture, was developed. 
The promoter sequences so far examined correspond with the consensus 
E. col i promoter and a55 B. subtilis promoters except that the spacing 
between the -10 and -35 sequences is only 14-15 base pairs. Upstream of 
all promoters an AT-rich region (80-84% AT) was present. The fragments 
carried an open reading frame, preceded by a ribosome binding site and a 
start codon. Despite the difference between the spacing in.the S. cremoris 
promoters and the B. subtilis promoter consensus, the S. cremoris promo
ters were all efficiently expressed in B. subtilis. However all B. subti
lis promoters thus far examined were unable to express the CAT gene in 
S:-Iactis, except the phage SP02 promoter, which functions weakly. 
The transcription-termination selection vector pGKV11 (see Fig •. 5) ,was 
constructed in such a way that the multiple cloning site was situated in 
between the bacteriophage SP02 promoters and the ribosome binding site of 
the Cm r gene. This vector, and a derivative carrying a very strong S. cre
moris promoter, have been successfully used to obtain transcription-termi
nation signals from S. cremoris DNA. These terminators are presently being 
sequenced; they also appear to function in B. subtil is. 

3. DISCUSSION 

The research reported above has been extremely successful. The objective, 
to develop host-vector systems for lactic acid streptococci, has been met 
completely. The system has been successfully used for the cloning and the 
expression of the genetic information specifying the proteinase activity 
of S. cremoris Wg2 and detailed information on the structure of this 
information is rapidly accumulating. A question of considerable interest-
is, whether the genetic information for the proteolytic activity in various 
different systems of S. cremoris is different from the one examined here, 
and if so, to what extent. The research in Dr. de Vos' and Dr. Gasson's 
groups, together with the results presented here, is expected to provide 
the answer in the near future. Incorporating the knowledge existing in the 
group concerning B. subtilis in the approaches outlined above, has been a 
major factor in the rapid development of molecular genetics in lactic acid 
streptococci. This also applies to the construction of the promoter and 
transcription termination signal selection vectors. For optimal use'in the 
dairy industry it is important to have access to proper gene expression 
signals, not only for the purpose of strain-improvement, but also for 
examining the question whether lactic acid streptococci can be used for 
the production of foreing proteins. 
The observation that the proteinase gene carries a signal sequence may 
initiate research to determine whether this sequence can be used to effect 
secretion of foreign proteins by lactic acid streptococci. It will be 
interesting to see whether proteins secreted by lactic streptococci show 
product instability or not. Instability of secreted foreign proteins in 
B. subtilis is still a major problem. 
In summary,the research described above has opened promising avenues both 
for practical use and fundamental aspects of the molecular biology of 
lactic acid streptococci. 
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V. Research lines which proved to be unsuccessful: 

Not appl icable. 

VI. Unexpected developments, results not foreseen or conclusions arising directly 
from the implementation of the project: 

The observation that a plasmid from the Gram positive S. cremoris was 
able. to replicate in the Gram negative E. coli:was unexpected, but 
fortunate, because it has given rise to a new class of shuttle vectors 
which can apparently bridge Gram posi"tive and Gram negative bacteria. 

VII. Industrial exploitation of results obtained during the period under contract 
(achievements and/or prospects): 

The cloning of the proteinase gene(s) has opened the possibility 
(a) to stabilize the proteolytic activity of lactic streptococci by 
Integrating the gene(s) in the chromosome, and 
(b) to amplify the gene(s) which may result in shortening the time re
quired for cheese-ripening. 




