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Summary 

MonoclonM antibodies were derived to a human rotavirus purified from 
stools. Three of the antibodies immunoprecipitated the rotavirus outer 
capsid glycoprotein gp 34 and were non-neutrMizing. These antibodies 
reacted by enzyme immunoassay ~dth cultivable rotaviruses showing the 
"long" RNA electropherotype but  were inefficient as detectors of "tong" 
RNA pattern rotaviruses in stools. Treatment  of SA ll rotavirus with 7.5 txg/ 
ml porcine trypsin for 30 minutes at 37 ° C irreversibly reduced binding of the 
antibodies to SA 11 rotavirus in enzyme immunoassays by 50 per cent. Bind- 
ing was abolished in the presence of rotavirus-negative faecal extracts. 
These results indicate that  non-neutrMizing sites on gp 34 of rotaviruses can 
vary with RNA electropherotype and serotype, and that levels of trypsin 
currently in use to assist growth of rotaviruses in cell culture may alter the 
serological profile of the viruses. 

Introduction 

Monoclonal antibodies to rotavirus have been of considerable benefit in 
detection and analysis of the viral antigens capable of elieiting neutrahzing 
(6, 7, 14, 22) and non-neutralizing (12, 22, 23) antibodies. Certain mono- 
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clonal  an t ibodies  h a v e  also p r o v e n  va luab le  as d iagnost ic  r e agen t s  for the 
de tec t ion  of the  ro tav i rus  g roup  an t igen  (4, 24, COULSON et al., submi t t ed  for 
publ icat ion) ,  subgroup ing  (12, 24) and  se ro typ ing  (COULSON et al., sub- 
m i t t ed  for  publ icat ion)  b y  e n z y m e  i m m u n o a s s a y  (EIA) in stools.  

W h e n  se ro typ ing  ro t av i ruses  di rect ly  in s tools  by  E I A  with monoc lona l  
an t ibodies  it  would  be an  a d v a n t a g e  to be  able to include a control  mono-  
clonal an t i body  which  de tec t s  the  vi ra l  ou te r  caps id  componen t ,  gp 34, of  all 
ro tav i ruses .  This  is the  g lycopro te in  recogn ized  b y  the  sero type-spec i f ic  
monoc lona l  ant ibodies  u s e d  a t  p r e s e n t  (6, 7, COULSON et al., submi t t ed  for 
publicat ion) .  Charac te r i za t ion  of  such an  an t ibody  has  no t  b e e n  repor ted .  

An t i ro tav i ra l  monoc lona l  ant ibodies  descr ibed  to da te  h a v e  resu l ted  
f rom fusion of  m o u s e  m y e l o m a  cells wi th  sp lenocy tes  of  mice  immunized  
with  vir ions grown in cell culture.  As cul t ivat ion of ro t av i ruses  f rom stools is 
no t  rout ine  and  requi res  a large n u m b e r  of  infectious vir ions,  it migh t  be  
poss ib le  to  widen the  r a n g e  of ro t av i rus  i so la tes  aga ins t  which monoc lona l  
an t ibodies  can  be  de r ived  b y  immuniz ing  mice  wi th  ro tav i rus  purif ied f rom a 
h u m a n  stool. 

In  this p a p e r  we r e p o r t  the  p roduc t ion  and  charac te r i za t ion  of mono-  
clonal an t ibodies  to  a faeca l ly -der ived  h u m a n  ro tavi rus .  These  ant ibodies ,  
a l though  non-neut ra l iz ing ,  bound  to the  ou te r  caps id  p ro te in  gp 34. 

Materials and Methods 

Viruses and Cell8 

The cultivable rotaviruses RV-1, l~V-3 (serotype 3), RV-4 (serotype 1), l~V-5 and RV-6 
(scrotype 2) were isolated in our laboratory (1). The origins of the remaining cultivable rota- 
viruses used in this study have been described previously (6). The serotypes represented 
are 1 (Wa), 2 (DS-1), 3 (P, SA 1I, RI~V-2, K 9), 4 (ST-3) and the UK bovine rotavirus. 

The above viruses were propagated in MA 104 cells in the presence of I I~g/ml porcine 
trypsin type IX (Sigma) as described previously (19). 

Faecal Samples 

Faecal specimens were collected from children with acute gastroenteritis admitted to 
the Royal Children's Hospital (R.C.H.) Melbourne from 1974 to 1981. The presence ofrota- 
virus in these samples was detected by electron microscopy (EM) as described previously 
(21). Of 43 rotavirus-containing stools, 41 showed a "long" RNA electropherotype (L), and 
2 had "short" RNA patterns (S). As negative controls, 17 stools negative for rotavirus by 
EM were included. Rotavirus-positive faeces collected for epidemiological studies in 
Indonesia (21) and Papua New Guinea (2) were also available. Four L and two S rotavirus 
isolates :from Indonesia, and 14 S rotaviruses from Papua New Guinea were included in this 
study. 

RNA Gel Electrophoresis 

Electropherotyping of rotaviral RNA was performed on faecal extracts and on all 
stocks of cultivable rotaviruses. Viral RNA was prepared by phenol-chloroform extraction 
and polyacrylamide gel electrophoresis of the I~NA was performed with the Laemmli 
buffer system at 15 mA for 18 hours at 4 ° C. The RNA was visualized with silver stain (10). 
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Immunization of Mice 

One child admitted to R.C.H. in 1975 with acute gastroenteritis produced 5 g stool con- 
taining 109 L rotavirus particles per g stool which serotyped as 4 by EIA (CovLso?¢ et al., 
submitted for publication). Following fluorocarbon extraction, ultraeentrifngation and 
banding in a caesium chloride gradient. (18), 0.2 ml of the double-shelled virus was 
inoculated intraperitoneally, with 0.2 ml Freund's complete adjuvant, into eight-week old 
Balb/c mice. These mice showed rotavirus antibody titres < 100 by EIA (IgG, IgM, IgA) 
before inoculation. Those with at least a fourfold rise in EIA titre after 10 days were 
boosted subcutaneously with 0.1 ml virus and the spleens harvested for fusion 5 days later. 

Preparation and EIA Testing of Hybridomas 

The P 3-X 63-Ag8-653 mouse myeloma cells were fused with immunized splenocytes, 
and resulting hybridomas tested for antibody production by an EtA as described 
previously (6). Briefly, rotavirus-specific antibodies were measured by reacting 
hybridomas supernatants with passively immobilized viral antigens, then detecting bound 
antibody with horseradish peroxidase conjugated anti-mouse immunoglobulins (DAKO, 
Denmark). EIA antigens used for screening hybridoma supernatants including the 
immunogen, a faecal extract containing S rotavirus, a pooled rotavirus-negative faecal 
extract, SA 11 rotavirus and MA 104 cell control. These EIA antigens were produced by 
fluorocarbon extraction and ultraeentrifugation of faeces, virus-infected or mock-infected 
cell harvests as described previously (6). Optimal antigen dilutions were determined by 
chequerboard titration. 

Hybridomas showing EIA activity were subcloned at least twice by limiting dilution 
and grown as aseites in syngeneie mice. The end-point titres of these aseities fluids to 16 
cultivable mammalian rotaviruses were determined by EIA (6) using doubling dilutions of 
ascites fluids. Appropriate virus and conjugate controls were included, as was ascites fluid 
produced from a non-secreting hybridoma. 

To assess the ability of the monoelonal antibodies to detect rotavirus in stools, EIA 
antigen was prepared from 56 rotavirus-positive stools and a pool of 10 rotavirus-negative 
stools by dilution to 10-20 per cent (wt/vol) in phosphate-buffered saline pH 7.2 (PBS), 
homogenization, then concentration ×5  using polyacrylamide hydrogel (Lyphogel; 
Gelman Sciences, Inc.). The level of antigenicMly detectable rotavirus protein present was 
estimated with a double sandwich EIA using guinea-pig and rabbit hyperimmune antisera 
to SA 11 rotavirus (17). The stool extracts were diluted to give 0D3.92 = 9.6 in the double- 
sandwich EIA then applied to the solid phase as antigen in the EIA for antibody measure- 
ment described above and elsewhere (6). The pooled negative control was diluted to the 
same extent as each rotavirus-containing stool extract. The monoclonal antibodies were 
reacted as a 1:100 dilution of ammonium-sulphate precipitated, × 10 concentrated 
hybridoma culture supernatant fluid. Culture fluid from a non-secreting hybridoma was 
prepared similarly and tested in parallel. 

EIA for Effect of Trypsin and Trypsin [nhibitors on SA 11 Rotaviras 

Undiluted SAl l  E1A antigen was incubated with an equal volume of various concen- 
trations of trypsin in PBS for 30 minutes at 37 ° C. The working solution was diluted from a 
stock solution of trypsin in 0.001 ~ HC1 (1 mg/ml). The trypsin-treated virus was diluted 
optimally- in 0.06 ~I carbonate-bicarbonate buffer, pH 9.6 then applied to the solid phase 
for the EIA which was carried out as described previously (6). In some experiments, Soy- 
bean type I-S trypsin inhibitor (STI; Sigma) or phenyl methyl sulphonyl fluoride (PMSF; 
Sigma) were diluted in PBS and ineubated with the trypsin-virus mixture at 37 ° C. Alter- 
natively, these trypsin inhibitors were incubated for 30 minutes at 37 ° C with virus already 
treated with trypsin for 30 minutes at 37 ° C. 
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A modified EIA method was also used, in which treatments of virus with trypsin and 
trypsin inhibitors took place as separate steps, after the immobilization of virus on the 
solid phase. Virus was adsorbed as before (6) to the microtitre trays, then incubated with 
trypsin diluted in PBS for 30 minutes at 37 ° C. After washing with PBS containing 0.05 per 
cent (vot/vol) Tween 20 (PBS-T), a trypsin inhibitor was added for 30 minutes at 37 ° C. 
Following a further washing step, 10 × concentrated hybridoma supernatant diluted in 
PBS was added, for 30 minutes at 37 ° C. The conjugate and substrate steps have been 
described previously (6). 

Preparation of (zsS) Methionine-labelled Rotavirus-infeeted Cell Lysates 

Monolayers of MA 104 cells in 35 mm petri dishes were infected with I~RV-2 rotavirus 
at a multiplicity of I0 fluorescent celt-forming units/cell in the presence ofl0 l~g/mI trypsin 
and 2 Dg/ml Actinomycin D as described previously (20). At 8 hours post infection the cells 
were labelled for 1 hour with 100 I~Ci/ml (35s) methionine (1300 Ci/mmol, Amersham 
Australia Pry. Ltd.) in methionine-free Dulbeeeo's modified Eagle's medium followed by a, 
30 minutes incubation in complete medium containing no radiolabel. The cells were then 
harvested and cell lysates prepared as described by LEE st al. (15). 

Radioimmunopreeipitation (RIP) 

As described by SONZA et al. (22), undiluted ascites fluids containing monoclonal anti- 
body were incubated with protein A-Sepharose 4 B beads (Pharmacia) which had been 
incubated previously with saturating amounts of rabbit anti-(mouse immunoglobulin) 
serum. After washing, the labelled cell lysate was added. Adsorbed labelled viral proteins 
were recovered by boiling in Laemmli sample buffer, and the supernatants were applied to 
a 9 per cent Laemmli polyacrylamide gel as described previously (6). 

Following electrophoresis, gels were fixed and processed for fluorography by immer- 
sion in a 1 M sodium salicylate solution for 30 minutes. 

Virus Neutralization Tests 

Neutralization by monoclonal antibodies of Wa and SA 11 rotaviruses was tested by 
plaque reduction (26). Neutralizing activity to RV-3, RV-4, RV-5 and ST-3 was assessed by 
fluorescent focus reduction (6). Antibodies were assayed as × 10 concentrated hybridoma 
supernatants in doubling dilutions from 1 : 20 to 1 : 5120. 

Results 

Derivation and Characterization of  Monoclonal Antibodies  

F r o m  6 fus ions  (3 mice) ,  51 s tab le  h y b r i d o m a  c lones  w e r e  der ived.  
Approx ima te ly -  20 p e r  c e n t  o f  t h e s e  s h o w e d  E I A  r eac t i v i t y  to  t he  n e g a t i v e  
con t ro l  faeca l  e x t r a c t  a n d  w e r e  d i sca rded .  M o s t  o f  the  r e m a i n i n g  c lones  

p r o d u c e d  a n t i b o d y  c r o s s - r e a c t i v e  b y  E I A  b e t w e e n  M1 r o t a v i r u s e s  tes ted ,  
w h i c h  p r e s u m a b l y  w a s  d i r e c t e d  to  ro t av i r a l  g r o u p  an t igens .  H o w e v e r ,  c lones  
24, 34 a n d  38 p r o d u c e d  an t ibod ies  (Mab 24, M a b  34, M a b  38) w h i c h  r e a c t e d  
p r e f e r en t iMly  wi th  L h u m a n  ro t~v i ru se s  b y  E I A .  B y  i m m u n o d i f f u s i o n  wi th  
c lass -spec i f ic  a n t i - m o u s e  i m m u n o g l o b u l i n  sera ,  t he  an t ibod ies  w e r e  all o f  the  
I g M  class.  As  the  r e a c t i o n s  o f  the  t h r e e  c lones  w e r e  s imi lar  in all tes ts ,  on ly  
resu l t s  o b t a i n e d  wi th  c lone  24 will be r e p o r t e d  in de ta i l  here .  

B y  r a d i o i m m u n o p r e c i p i t a t i o n ,  t he  m o n o e l o n a l  an t ibod ies  r e a c t e d  wi th  
t w o  p ro t e in s ,  p 33 a n d  gp 34,  of  R R V - 2 .  This  is s h o w n  for  M a b  24  in Fig.  I. 
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Fig. 1. SDS-polyacrylamide (9 per cent) gel eleetrophoresis of [:~S]methionine-labelled, 
RRV-2 infected cell lysate immunoprecipitated with monoelonal antibodies. A Mab P 3 
(negative control: specific for phenylalanine hydroxylase); B Mab 24; C ceil lysate. 

Molecular weights calculated from standards 

Table 1. EIA titres of monoelonal antibodies 24, 34 and 38 to a panel of cultivable mammalian 
rotaviruses 

Rotavirus ~ 

Serotype Strain 
Range of reciprocal EIA titres 
of antibodies × 10 -ab 

1 RV-4 128-256 
1 Wa 256 
2 RV-5 1-2 
2 l~V-6 4 
2 DSd  2 - 4  
3 l~V-1 128 
3 t{V-3 128 
3 P 512 
3 SAI l  512 
3 RRV-2 512 
3 K 9 900 
4 S%3 256 
Bovine UK 512 

All virus stocks used in EIA were determined to contain virus of unique eleetropherotype 
by gel electrophoresis of viral I~NA. The RNA extracted from EIA antigens co-electro- 
phoresed with that of first passage virus stocks. No extra RNA bands were present 

b Titre of mouse ascites fluids 
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r[hese two proteins were also precipitated by Mab C 4 /B 3 (data not shown), 
which was been shown to immunopreeipitate gp 34 of SA 11 (22). Hence the 
antibodies reacted with the equivalent of the SA 11 gp 34 in I~RV-2. It  has 
been shown that  p 33 is a partially glycosylated form of gp 34 (9). These 
antibodies also bound to the S A l l  rotavirus gp 34 in western blots, using 
horseradish peroxidase-conjugated anti-mouse IgM as indicator, under both 
reducing and non-reducing conditions (data not  shown). 

None of the monoclonal antibodies had detectable neutralizing activity 
against serotypes 1 (Wa, t~V-4), 2 (RV-5), 3 (RV-3) or 4 (ST-3) using either 
plaque or fluorescent focus neutralization assays. The antigenic specificity of 
these antibodies was investigated by determination of their EIA titres to 
thirteen cultivable mammalian rotaviruses (Table 1). All three monoclonal 
antibodies showed high titres (> 128,000) to human rotaviruses of sero- 
types 1, 3, and 4, to simian and canine serotype 3 strains and to the UK 
bovine rotavirus. However,  titres to human serotype 2 rotaviruses were very 
low (< 1 : 4000). These monoelonal antibodies therefore showed significant 
levels of binding to all Group A rotaviruses tested, with the exception of 
human serotype 2 rotaviruses. 

Evaluation of Antibodies in Detection of Rotavi~ses in Stools 

To test  the effectiveness of these antibodies in detection of rotavirus in 
stools, they were reacted by EIA with antigen prepared from 63 rotavirus- 
positive and 17 rotavirus-negative stools. A comparison of the positive 
:minus negative (P-N) values and detection rates with Mab 24 for cultivable 
rotaviruses and stool-derived rotaviruses is sho~a  in Table 2. Mab 24 did 
not react  with any stool negative for rotavirus by EM, or with any S RNA 
pat tern rotavirus from stools or from cell culture. (P-N values < 0.08). 
However,  although all L I~NA pat tern cultivable rotaviruses were detected 
by Mab 24, only 13 per  cent of stool L electropherotype viruses were 
detected. The 6 reacting stool viruses were all collected in Melbourne and 

Table 2. P-N values and rates of detection of faecalty derived and cultivable rotaviruses by EIA 
using Mab 24 

RNA electropherotype 

No (%) virus samples 
positive by EIA Mean (range) P-N values b x l0 s 

Faecal Cultivable EIA negative EIA positive 

Short 0/18 (0) 0 /  3 (0) 10 (0-61) - 
Long 6/45 (13) ] l / l l  (100) 9 (0-80) 794 (214-1657) 
-~ 0/17 (0) - 8 (0-16) - 

Pool of 10 rotavirus negative stools, and 6 individual rotavirus-negative stools 
b P-N value = ODags (Mab 24 + SA 11)-OD392 (control Mab + SA 11). Samples were con- 

sidered positive for P-N values > 0.I00 
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showed P-N values  > 0.214. There  was no corre la t ion be tween  a par t icular  
RNA e lec t rophero type  and  EIA react ivi ty .  

Effect of Trypsin, Trypsin Inhibitors, and .Faecal Extracts on EIA Reactivity of 
the Antibodies to Rotavirus 

One possible explana t ion  for this low ra te  of rotavirus  de tec t ion  in faecal  
samples  compared  with cultivable ro tavi ruses  was tha t  factors  p re sen t  in 
the gut  were al tering the ro tavi rus  s t ructure .  EIA binding of Mab 24 to SA 11 
rotavi rus  which had  been  incubated  with pooled ro tavi rus-negat ive  faecal 
ex t r ac t  before  appl icat ion to the solid phase  was there fore  measured .  As 
shown in Fig. 2, the EIA reac t ion  of  this an t ibody  with SA 11 virus was 
e l iminated  by  t r e a t m e n t  with the  faecal  extract .  The  ex t r ac t  con ta ined  no 
human  ant i ro tavi ra l  IgG, IgM or  IgA de tec tab le  by  EIA agains t  SA 11 rota- 
virus (16). As t ryps in  is the  major  pro teoly t ic  enzyme  active in the human  
small intest ine,  the effect  of t ryps in  on the Mab 2 4 - S A  11 in terac t ion  was 
also examined  (Fig. 2). Purif ied porcine  t ryps in  (100 Fg/ml)  p roduced  a 
similar effect to the faecal  ex t rac t  t r ea tment .  

In o rder  to de te rmine  whe the r  t ryps in  was the major  active componen t  
of  the faecal  extract ,  the  t ryps in  inhibitor  STI was incubated  for 20 minutes  
a t  37 ° C with the faeeM extract ,  pr ior  to addit ion of  SA 11 rotavirus.  Using 
1.0 mg/ rn l  STI, 100 pe r  cen t  of the EIA binding of  Mab 24 and  Mab 34 to 
SA 11 was re ta ined.  At  lower STI concent ra t ions ,  the  a m o u n t  of binding 
re ta ined  was p ropor t iona l  to the concent ra t ion  of  STI. 
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Fig. 2. Effects of trypsin, rotavirus-negative faecal extracts, and soybean trypsin intlibitor 
on ELA reaction of Mab 24 with SA I1 rotavirus. A SA 11 EIA antigen incubated with PBS 
for 30 or 60 minutes at 37 ° C before application to the solid phase; B SA 11 (i) incubated 
with negative control faecM extract 1 : 1 or with 100 Fg/ml trypsin for 30 minutes at 37 ° C 
before application to the solid phase or (ii) as in (i) then incubated with 100 Fg/ml soybean 
trypsin inhibitor for 30 minutes at 37 ° C. All incubations were carried out at neutral pH 
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- i  

6o 80 
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Fig. 3. Effect of trypsin concentrat ion on the binding of Mab 24 to t rypsin- t reated SA It  
rotavirus, Mab 24 was used as a, 1:1000 dilution of a,scites fluid 

% specific binding = 0D39~ (SAII  + trypsin) x 100 
0D392 SA 11 

The effect of various concentrations of trypsin on the binding of mono- 
clonM antibodies to SA 11 was investigated. Incubation of SAl l ,  RV-1 and 
W a  rotaviruses with 7.5 ~g/ml trypsin for 30 minutes at 37 ° C produced a 
50 per  cent reduction in EIA absorbance readings with Mab 24, Mab 34 and 
Mab 38. However,  levels of trypsin up to 40 vg/ml had no effect on the bind- 
ing of two neutralizing, serotype 3-specific monoclonal antibodies [Mab RV- 
3 : 1 and Mab RV-3 : 2 (6)] to SA 11. Using Mab 24 a hyperbolic reaction 
curve between percent, specific binding and trypsin concentration was 
observed (Fig. 3), indicating that 80 per cent of specific binding was lost at a 
trypsin level of 20 ~g/ml. Increases in trypsin concentration to 80 ~g/ml 
further reduced the specific binding by only 12 per cent. The level of 50 ~g/ 
ml trypsin, which reduced specific binding to SA 11 by  90 per  cent, was 
chosen for all further experiments. 

To ascertain whether or not this effect of the rotavirus negative faecal 
extract  on rotavirus was reversible, a faecal EIA antigen preparation known 
to contain L rotavirus which was detectable by EIA using polyclonal hyper- 
immune antiserum to SA 11 (17), but  which did not react with monoelonal 
antibodies 24, 34 or 38, was treated with STI. Following incubation with up 
to 1000 txg/ml STI for 30 minutes at  37 ° C, EIA binding of the monoelonal 
antibodies to SA 11 did not  return. Similarly, t reatment  of SA 11 virus with 
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ro tav i rus  nega t ive  faecal  ext rac t ,  t hen  with STI, gave  no r e s to ra t i on  of bind- 
ing of the  monoc lona l  ant ibodies  (Fig. 2 B). These  resul ts  sugges t ed  t h a t  the 
effect  of t ryps in  on the  binding of these  monoe lona l  ant ibodies  to ro tav i rus  
was  i r revers ible ,  and  t h a t  this effect  was  mimicked  by  faecal  ext rac ts .  

The effect  of  t ryps in  inhibi tors  on the  t ryps in -SA 11 virus  in te rac t ion  was 
fu r the r  inves t iga ted  using this E I A  sys tem.  T ryps in  inhibi tors  were  
incuba ted  with t ryps in  e i ther  before  or  a f te r  virus  addit ion,  t h e n  the  mix tu re  
appl ied  to the  solid phase .  This pro tocol  was  inves t iga ted  bo th  with and  
wi thou t  t ryps in  inhibi tors  in the  di luent  of  the  de t ec t e r  an t ibody.  The  resul ts  
us ing  STI  and  PMSF,  wi th  Mab  24 and  h y p e r i m m u n e  r abb i t  an t i s e rum to 
SA 11 virus  (ant i-SA 11) as de t ec to r  ant ibodies ,  are  shown in Table  3. Bo th  
inhibi tors  r educed  the effect  of  the  t ryps in  on SA 11 virus,  a l though  STI  
p roduced  m o r e  comple te  r e t en t ion  of  b inding of  an t ibody  to SA t l .  Binding 
was  r e t a ined  a lmos t  comple te ly  when  t r yps in  and  ST[ were  mixed  pr ior  to 
virus  addi t ion  ( 7 7 - 9 0  per  cent) and par t iMly  re ta ined (33 -81  per  cent) when  
STI  was added  to t r y p s i n - t r e a t e d  virus.  Hence  digest ion of  SA 11 virus by  
t ryps in  con t inued  to a l imited degree  following virus appl ica t ion  to the  solid 
phase ,  and  the digest ion of the  virus  was  conf i rmed  to be an  i r revers ib le  pro- 
eess. Addi t ion  of STI  and  P M S F  to the  an t ibody  did no t  a p p e a r  to affect  
b inding of an t ibody  to virus.  Hence ,  the t ryps in  was act ing on the  virus  alone 
and  did no t  d a m a g e  the ro tav i rus  ant ibodies .  T ryps in  t r e a t m e n t  of SA 11 
virus reduced  its E I A  reac t ion  with polyelonal  ant ibodies  to a lesser  degree  
(27 pe r  cent) t h a n  with monoc lona l  ant ibodies  (89 pe r  cent).  This sugges ts  
t h a t  the  t ryps in  effect  is si te-specific r a t h e r  than  a non-specif ic  ro tav i rus  
degrada t ion .  

Table 3. Efficiency of trypsin inhibitors STI and PMSF in preventing or modifying the effect of 
trypsin on the site of binding of Mab 24, and on the binding of polyclonal antiserum to SA 11 

% retention of EIA binding to SA 11 virus" 

Inhibitor STI + trp, tr~ + SA 11, PMSF + trp, trp + SA 11, 
present b Antibody ° then SA 11 then S~I~I then SA 11 then PMSF 

SP Mab 24 80 33 54 25 
anti-SA 11 90 80 82 73 

SP+AD Mab24 77 44 54 21 
anti-SA 11 85 81 88 75 

% retention = (OD39-2 SA 11 + trp + q~) - (0D~92 SA 11 + trp) × 100 
(0D392 SA 11) - (0D392 SA 11 + trp) 

using 50 txg/mI trypsin, 100 t~g/ml STI or PMSI?, and SA 11 antigen diluted 1:500. 
% specific binding of antibody to SA 11 with trypsin treatment only: Mab 34, II; anti- 
SA 11, 32 (means of 6 determinations). % specific binding calculated as described for Fig. 3 

b SP solid phase; AD antibody diluent 
° Mab 24 as 1 : 1000 diIution of aseit~es fluid; rabbit anti-SA 11 hyperimmune serum as 

1 : 500 dilution 
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The above results were confirmed in a modified EIA in which the trypsin 
and STI treatments of SA II virus were included as additional incubations 
following virus application to the solid phase. Treatment of immobilised 
SAll virus with 50 ~g/ml trypsin reduced the EIA reaction with monoclonal 
antibodies by 97 per cent. No regain in binding was evident from an STI 
incubation (50-500 lxg/ml) immediately following the trypsin treatment, 
but prior to reaction with antibody. Treatment of virus with STI alone under 
the same conditions did not alter binding. 

Discussion 

The derivation of monoclonal antibodies to human rotavirus purified from 
faeces was shown to be practicable in this study. Although most hybridomas 
produced antibody cross-reactive between all rotaviruses tested, antibody 
from clones 24, 34 and 38 proved to react  by EIA with cultivable rotaviruses 
of serotypes 1, 3 and 4 (human), serotype 3 mammalian strains and the UK 
bovine virus. Although directed to the major outer capsid glycoprotein 
gp 34, which carries antigenic sites for virus neutralization, these antibodies 
did not neutralize cultivable human rotaviruses representing serotypes 1, 3 
and 4. It  therefore appears that  Mab 24, 34 and 38 recognize an antigenic 
region on gp 34 distinct from its neutralization sites. Although cross-reactive 
monospecifie antisera (3) and a non-neutralizing monoclonal antibody (22) 
to gp 34 have been described previously, their specificities were not studied 
extensively. 

The site recognized by Mab 24, 34 and 38 is shared between L rota- 
viruses, but absent on the S isolates which are human serotype 2 viruses 
(25). These two different types of RNA patterns result from a shift in the 
relative mobility of segment II of a L electropherotype such that the homo- 
logous gene runs as segment 10 in a S electropherotype in polyacrylamide 
gels (8). However, the reason for the observed correlation between segment 
10 mobility and serotyping as 2 (encoded by segment 7, 8 or 9 gene product) 
is not clear. It is conceivable that these proteins may tend to cosegregate, as 
gp 34 and the outer eapsid protein p 84 may tend to do in serotypes 2 (7) and 
3 (6). Cosegregation of the inner eapsid protein, p 94 and p 42 has also been 
postulated (23). Human serotype 2 rotaviruses are distinguishable from 
other human serotypes by reaction of antisera or monoclonal antibodies 
with antigens present on the major inner shell protein, p 42 (subgrouping). 
Serotype 2 rotaviruses subgroup as i, as do most animal rotaviruses (25) 
however, so this reaction is distinct from RNA eleetropherotyping. The 
monoelonal antibodies 24, 34 and 38 therefore recognize a site on gp 34 
which might, provide a marker for L rotaviruses, and perhaps be used in 
classification of rotaviruses as L or S by EIA. 

From a comparison of the published gene sequences of rotavirus glyco- 
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protein genes, several regions of the deduced protein sequences would 
qualify as potential binding sites for these gp 34-specific monoclonal anti- 
bodies which distinguish between L and S rotavdrus electropherotypes. The 
sequence comparisons of both DYALL-S~IITtI and HOLMES (10) and Gu~N et 
al. (13) suggest that  the protein sequence of S rotaviruses differs most  widely 
from that, of L viruses at residues 236 to 244 and 281 to 284. Neutralizing 
antibodies could not  be elicited against a peptide containing the latter 
residues (13). I t  is possible that  the gp 34 monoclonal antibodies reported 
here recognize sites related to one of these regions of gp 34. 

These antibodies to gp 34 might have been useful as a control for the 
amount of gp 34 present  in faecal samples assayed by serotyping EIA. 
However,  when reacted with human stools, the antibodies, although retain- 
ing specificity for L rotaviruses reacted with only 13 per cent of L virus 
strains. Our experiments showed this was due to degradation of the viral 
antigen to which the antibodies bound, by constituent(s) of faeces, mainly 
trypsin, and that  this effect on the virus was irreversible. It  appears that  the 
faecMty derived rotavirus which was used to produce these monoclonal anti- 
bodies, fell amongst  the 13 per  cent of faecal isolates in which this antigen 
was undegraded by  trypsin. 

Using partially purified SAl l  rotavirus and Mab 24 a s  a model, 80 per  
cent of binding of monoclonal antibody to virus was lost upon treatment  of 
virus with 20 vg/ml porcine trypsin for 30 minutes at 37 ° C. The experience 
of our Department  is that  normal levels of trypsin in duodenal juice collected 
from children aged 7 to 28 months, range from 80 to 200 ~g/ml. The rota- 
viral determinant recognized by Mab 24 is likely to be destroyed in this 
environment. 

The binding to SA 11 virus of two neutralizing, serotype 3-specific mono- 
clonal antibodies, Mab RV-3 : 1 and RV-3 : 2 (6), was unaffected by trypsin 
t reatment  of the virus. This suggests that  the trypsin effect detected with 
Mab 24 is site-specific and affects only one region of gp 34. 

The reaction of polyclonat anti-SA 11 serum to SA 11 virus was also 
reduced by tD~psin t reatment  of the virus, although to a much lesser extent. 
Trypsin activation of rotaviruses, necessary to produce infectious virions, 
results in cleavage of p 84 into two smaller polypeptides (11). This process 
occurs after t reatment  of purified rotavirus for 20 minutes at 37 ° C with 
10 ~g/ml trypsin (5), which is a level comparable with the 2 0 - 5 0  txg/ml 
trypsin used to treat  semi-purified SA 11 virus in this report. Although the 
loss in EIA reactivity observed with the polyclonal antiserum may relate to 
the cleavage of p 84 by trypsin, it is clear that  other etlbcts of trypsin, not 
previously described, such as that  detected with Mab 24, may also be 
occurring. It  is possible that  the activation of rotaviruses with 10 ~g/ml 
trypsin, currently used in a number of laboratories to aid in yields of human 
rotavirus strains, may be altering the serological profile of the viruses. 
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