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ABSTRACT: The morphology of 75 bacteriophage strains isolated from water samples collected in 
the North Sea or in the northern Atlantic was studied by electron "microscopy. Only tailed phages 
were observed (Bradley groups A, B, and C). According to structural similarities, the strains are 
ascribed to 12 groups, 5 of which comprise types of marine phages not reported before. Four of these 
5 groups include phage types that have not been detected from any other source. Among the phages 
isolated from northern Atlantic water a high incidence was observed of strains the particles of which 
have long appendages. Certain types of the northern Atlantic phages investigated were derived only 
from samples collected either east or west of the Azores. This finding agrees with former observa- 
tions pointing to the existence of different populations of closely related bacteria east and west, 
respectively, of the northern Mid-Atlantic Ridge. 

INTRODUCTION 

Information on the morphology of bacteriophages from marine habitats is as scant as 

that on marine phages in general. Smith & Krueger (1954) were the first to describe a 
phage isolated from an estuarine environment. Further information concerning phages 

from estuarine waters or sediments were presented by Kakimoto & Nagatomi (1972), 

Sklarow et al. (1973), Keynan et al. (1974), Zachary (1974), Hidaka & Tokushige (1978), 

Nakamnra et al. (1978), and Koga et al. (1982). A large portion of the phage strains 

described by the aforementioned authors was isolated with Vibrio parahaemolyticus as 

host which is not regarded as a marine bacterium. 
Bacteriophages isolated from oceanic water or sediment were investigated mainly by 

Hidaka & Fujimura (1971) and Hidaka (1973) who provided information on 32 out of 37 
truly marine phage strains described so far. Other reports were presented by Valentine et 

al. (1966), l=spejo & Canelo (1968), Johnson (1968), Wiebe & Liston (1968), and Stevenson 

& Albright (1972). 

All counted, some 60 bacteriophage strains from estuarine or oceanic habitats were 

morphologically characterized by the authors mentioned above. With one exception, 

these phages have a polyhedral head to which a tail is attached and, therefore, are 
ascribed to group A, B, or C of Bradley's (1967) classification. The exceptional phage 
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PM2, i sola ted  by  Espejo & Canelo  (1968}, has  l ip id-conta ining virions of hexagona l  
outl ine which  do not  revea l  any  taft s tructure (Silbert et al., 1969). Cons ide rab le  var ia t ion  
was obse rved  in the  ta i led  p h a g e s  concerning the length  of head  and  tai l  as wel l  as in 
r ega rd  to addi t ional  structures such as base  plate,  taft fibres, or p ins  a t t ached  to the taft 
tip. 

Unspeci f ied  bac te r iophages ,  der ived  by  filtration of es tuar ine  or oceanic  wa te r  
samples  wi thout  subsequen t  p ropaga t ion  on host  bacter ia ,  were  r epo r t ed  by  Siebur th  
(1979) and  Torrel la  & Mori ta  (1979). Most  of the  part icles  p re sen ted  by  these  authors  
seem to be long  to group A, a few to group B, and  one to group C of Bradley.  

Further  informat ion on the morphology  of bac te r iophages  of mar ine  origin will  be  
p re sen ted  in this paper .  From about  300 p h a g e  strains, i so la ted  from w a t e r  samples  
col lected in the  Nor th  Sea nea r  He lgo land  and in the  Atlantic at 42 stat ions b e t w e e n  the 
European  cont inenta l  shelf and  the Sargasso Sea (Moebus, 1980), 75 we re  se lec ted  for 
this invest igat ion.  The host r anges  of these  p h a g e s  were  repor ted  b y  M o e b u s  & Natt-  
k e m p e r  (1981) and  Moebus  {1983). All  but  a few strains are  infective for m e m b e r s  of the  
family Vibr ionaceae  (Moebus & Nat tkemper ,  1983). 

MATERIAL AND METHODS 

M e d i a : Seawa te r  agar,  soft seawate r  agar,  seawate r  boui l lon (SWB/5), and  sea-  
wa te r  mixture were  of the same  composi t ion as g iven  b y  Moebus  & N a t t k e m p e r  (1981). 

B a c t e r i a  a n d  b a c t e r i o p h a g e s :  The  same des igna t ions  are  used  as by  
Moebus  & N a t t k e m p e r  (1981). Strains charac te r ized  by  the capi ta l  le t ter  H were  de r ived  
from seawate r  s amp led  near  He lgo land  (depth 1 m), and  strains of the  A-ser ies  were  
isola ted from Atlant ic  Ocean  wate r  col lected at the  dep th  of 6 m. With few except ions ,  the  
phages  were  i so la ted  from the same water  sample  as the respect ive  host  bacter ia .  

For the purpose  of this invest igat ion,  p h a g e  strains were  se lec ted  which  y ie ld  h igh  
titre p h a g e  stocks when  s t andard  m e t h o d s  are employed.  The inves t iga ted  A-ser ies  
phages  were  r ecove red  from the various regions sampled  in the Atlant ic  (Moebus,  1980). 
Their  hosts be long  to 10 groups  of bacter ia ,  9 of which  combined  b e t w e e n  2 and  128 
isolates the gener ic  re la t ionship of which  was  r evea led  by  phage -hos t  cross- react ion  tests 
(Moebus & Nat tkemper ,  1981; Moebus,  1983). The tenth  group compr i sed  bac te r i a  which  
were  lysed  by  one p h a g e  strain only. 

P r e p a r a t i o n  o f  h i g h - t i t r e  p h a g e  s u s p e n s i o n s  f o r  e l e c t r o n  
m i c r o s c o p y : Start ing with s ingle plaques ,  fresh p h a g e  stocks were  p r e p a r e d  by  a 
s tandard  p la te -eh i t ion  method  (Moebus,  1980}. These  were  then  u sed  to inocula te  50 ml 
ba tches  of SWB/5 conta ining about  l0  s cells m1-1 of the respec t ive  host  bacter ia .  The  
mult iphci ty  of infect ion was about  1. These  cultures were  incuba ted  in a shak ing  wa te r  
bath.  Plates and  l iquid  cultures were  incuba ted  at  25 ~ 

After lysis the  cul tures  were  cent r i fuged  for 30 min at  about  4500 x g and  10~ a n d  
the recovered  superna tan t s  s tored in the  refr igerator  overnight .  To concent ra te  the  p h a g e  
particles,  the superna tan t s  were  cent r i fuged for 2 h at 39 000 • g and  4 ~ and  the  pe l le t s  
suspended  in 2 ml of sterile s eawa te r  mixture.  Finally, these  suspens ions  we re  cen-  
t r i fuged at low s p e e d  as s ta ted above  and  the s u p e m a t a n t s  t ransfer red  into s ter i le  screw-  
cap tubes  and  s tored  in the refr igerator .  

P r e p a r a t i o n  f o r  e l e c t r o n  m i c r o s c o p y :  Carbon  coa ted  Pioloform F films 
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moun ted  on 400 mesh  copper  grids Were used  throughout.  Immedia te ly  before  use, the 
grids were  g low-d ischarged  to obtain a hydrophi l ic  surface of the suppor t ing  film. A drop 
of p h a g e  suspension was  p laced  on the grid and  sucked  off with filter p a p e r  after 1 min. 
Then the grid was washed  three t imes with disti l led water .  Finally, the spec imen  were  
nega t ive ly  stained, genera l ly  by  app ly ing  a drop of 1 %  uranyl  aceta te  (pH 4.3) which 
was  r emoved  after 30 sec with filter paper .  With severa l  p h a g e  strains nega t ive  s ta ining 
with  phosphotungs t ic  acid  (1%, pH 7.2} was addi t ional ly  employed.  Electron micro- 
graphs  were  t aken  with a Siemens Elmiscope IA opera t ing  at 80 kV with a nominal  
magnif icat ion of 40 000. The real  magnif icat ion (about 10 % higher} was  de t e rmined  as 
descr ibed  by  Frank  & Day {1970}. 

D e t e r m i n a t i o n  o f  t y p e  o f  b a c t e r i o p h a g e  n u c l e i c  a c i d :  Bac- 
t e r iophage  suspensions  wi th  a titre of at leas t  10 t 1 p laque  forming units m l -  1 were  t rea ted  
according to the method  of Bradley (1966}. However ,  wi th  strain H17/1 the  t rea tment  of 
p h a g e  suspension with DNase and RNase before  fixation was at  15~ for 4 h and 
60 btg ml - t  of both  enzymes.  

RESULTS 

The bac te r iophage  strains inves t iga ted  are g rouped  according to morphologica l  
similari t ies (Table 1). Apar t  from the ass ignment  to one of the  Bradley groups  A, B, or C, 
the various groups differ by the lack or exis tence of a p p e n d a g e s  such as an t ennae  or 
(long} tail fibres t ipped  with conspicuous structures, which  are less commonly  encoun-  
t e red  than  a base  pla te  with (short} fibres or spikes  a t tached.  

Some a p p e n d a g e s  are  fragile structures which may  be  lost, at leas t  part ial ly,  dur ing 
the prepara t ion  of p h a g e  suspensions  for e lectron microscopy. Therefore,  the  possibi l i ty  
exists that  strains descr ibed  as lacking  such a p p e n d a g e s  do have them in reality. There  
are indicat ions that  the a p p e n d a g e s  of some strains were  easi ly lost whi le  with others 
seeming ly  no loss occurred of the same type  of structure. Also, with a few strains many  
more burst  heads  were  observed  than  u n d a m a g e d  ones, while  the heads  of most p h a g e  
strains r ema ined  more or less intact even  if f lat tened. 

Due to the large number  of p h a g e  strains invest igated,  it was imposs ib le  to test other  
methods  than  those descr ibed  to e lucidate  the present ly  somewhat  unsat isfactory obser-  
vat ions made  with a number  of strains. Specific information on these  points  will be  
p resen ted  in the descr ipt ion of the  various morphologica l  groups which follows the order  
p resen ted  in Table  1. In Table 2, the measurement s  of the phages '  components  are  
compiled,  and  information on the type of nucleic  acid is also p resen ted  if avai lable .  

Regard ing  the p h a g e  dimensions it must  be  po in ted  out that  measu remen t s  t aken  
from negat ive ly  s ta ined part icles  are prone to error. This concerns especia l ly  p h a g e  
heads  which, owing to the  influence of surface tension, may  be f la t tened dur ing  the 
drying process,  thus appea r ing  larger  than  they  real ly  are. The deg ree  of this type  of 
distort ion may  vary b e t w e e n  different p h a g e  strains. With some strains be long ing  to 
Bradley 's  group A, only one to three  u n d a m a g e d  par t ic les  could be  measured ,  be c a use  in 
these  cases  the vast  majori ty  of part icles was found with contracted shea th  or broken-off  
tail. In any case, only part icles  that  a p p e a r e d  perfect ly  s ta ined  and undis tor ted  were  
t aken  into account.  
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Table 1. Grouping of the investigated bacteriophage strains according to morphological characteris- 
tics, with the figures presenting typical phage particles of the respective group indicated 

1. P h a g e s  w i t h  l ong  c o n t r a c t i l e  t a l l  

( B r a d l e y  g r o u p  A ) 

1.1 wi thout  antennae on the head 

1.1.1 usual appendages  on the tai l  

?,,,.17 
1.1.2 unusual appendages on the tai l 

1.2 w i th  antennae on the head 

1.2.1 short ,  knob - l i ke  antennae 

1.2.2 long antennae 

2.  P h a g e s  w i t h  long n o n - c o n t r a c t i l e  

t a l l  ( B r a d l e y  g r o u p  B ) 

2.1 wi thout  antennae on the head 

usual appendages 

on the tai l 

Fig. 6 

2,1.2 

large appendages on 

the tall and (or)  

a distal  pin 

Fig. 7 

2.1.3 

r ing- l i ke  appear ing 

appendages  

on the whole tai l  FIe. a 

3 .  P h a g e s  w i t h  s h o r t  t a l l  

( B r a d l e y  g r o u p  C ) 

3.1 w i thout  an tennae  on the head 

A 
usual tai l  s t r uc tu re  ~ "~ 

Fig. 11 

3.2 wi th an tennae  on the head 

usual tai l  s t ruc tu re  

FIg.12 Fig.13 

3 .2 .2  

unusual ta i i  fibers 

Fig. 14 'J 

2.2.  wi th antennae on the head 

usual appendages unusual appendages  b 

on the tai l on the tai l  b 

Fig. �9 Fig. 1o 
r 

P h a g e s  w i t h  l o n g  c o n t r a c t i l e  taft  ( B r a d l e y  g r o u p  A) 

In p h a g e  strains be long ing  to this group, only virions wi th  i sometr ic  h e a d  were  
observed.  

Phages  wi th  no  a n t e n n a e  on the h e a d  

Phages  with usual  a p p e n d a g e s  on the tail  

This group comprises  24 of the  p h a g e  strains invest igated.  It is by  far the  la rges t  of 
the 12 groups.  The  tail  of the p h a g e s  is about  as long as or sl ightly longer  than  the head .  
In intact  part icles,  the  exis tence of a base  pla te  was ind ica ted  in only a few cases  
(Fig. ld);  however ,  ' this structure was visible in virions of a lmost  all s t rains  with a 
contracted shea th  (Fig. lf, compare  with e). In this case, the base  p la te  usua l ly  a ppe a r s  to 
be  sepa ra t ed  from the shea th  by  a small  space.  

All strains of this group have  short a p p e n d a g e s  a t tached  to the tip of the  taft. In five 
strains (A139/3, A159/1, A660/1, A852/1, and  Al152/1),  these  s t ructures  a lways  point  
downward  (Fig. l d  and  e), r e s e m b h n g  spikes  such as those k n o w n  for T -even  phages .  In 
the  remain ing  strains, these  a p p e n d a g e s  with intact  part icles  were  found to point  u p w a r d  
in a fashion discernible  with the  virion shown in Figure  lb .  After  contract ion of the  shea th  
these  structures point  downward ,  indica t ing  that  they  are short  f ibres (Fig. lc). 
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Fig. 1. Phages with usual tail appendages, negatively stained with uranyl acetate (UA}. a: Phage 
Hl l / I .  b, c: phage A1292/1. d: phage A852/1. e, f: phage A139/3. Bar represents 100 nm 

Phages with unusua l  appendages  on the tail 

This group combines phages with thread-l ike appendages  at tached to the tip of the 
tail which may bear  globular bodies at the distal end. This common feature, however, 
comes in rather distinct configurations. 

One sub-group comprises 8 strains of A-series phages such as shown in Figure 2, 
with 7 of them virtually inseparable  in terms of morphology: A305/1 (Fig. 2c and  d), 
A458/1, A573/1 (Fig. 2b), A836/1, A872/1, A923/1 (Fig. 2a), and  A1008/2 (Fig. 2e): Their 

Fig. 2. Phages with unusual tail appendages, negatively stained with UA. a: phage A923/1. b: phage 
A573/1. c, d: phage A305/1, with arrows in d pointing to structures at the end of fibres which upon 
detachment from tail apparently change configuration, e: phage A1008/2. f - h :  phage A720/1, with 

arrows in f pointing to antennae-hke structures assumed to be artifacts. Bar represents 100 nm 
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appendages ,  ex t end ing  about  half the  tail l eng th  toward  the head ,  a re  thin th reads  
(Pig. 2a-d)  t i pped  with  round structures which, after de tachment  from the tail, unfold to a 
lobate  (trflobate?) configurat ion (Fig. 2c and d). The virions most p robab ly  have  6 of these  
a p p e n d a g e s  each  (Fig. 2d), and  it seems  l ikely that  the fibres are  a t t ached  to a base  pla te  
(Fig. 2e). A similar  a r r angemen t  of tai l  fibres has  b e e n  repor ted  b y  Bradley  (1967) for the  
P s e u d o m o n a s  p h a g e  PB-1; however ,  knob- l ike  structures at the  end  of its f ibres are  
missing. 

A base  p la te  was  discernible  only after contract ion of the sheath,  which  also holds 
t rue for the e igh th  strain, A720/1. It differs from the a forement ioned  ones  main ly  in the  
shortness of its tai l  f ibres (Pig. 2f-h). The f i lamentous mater ia l  seen  in F igures  2f and  2h in 
the  vicinity of virions was commonly  found in prepara t ions  of this p h a g e  strain.  Its origin 
and  nature  remains  obscure.  However ,  from all observat ions  m a d e  w e  mus t  conclude  that  
strain A720/1 does  not  have an tennae ,  as might  be  assumed  for the  two par t ic les  shown 
in Figure  2f (below left  and  right). 

The second  sub-group  (Fig. 3) comprises  only two strains, H7/2 and  H84/1, which  are 
almost  ind is t inguishable  morphological ly .  There  are  indicat ions that  the  compara t ive ly  
thick and r igid fibres, a t tached  to the taft end  (Fig. 3g), in fully intact  par t ic les  are  a l igned  
with the tail  (Pig. 3c) as found in the  fibres of the phages  of the  first sub -g roup  (Fig. 2). 
The  exis tence of a ba se  pla te  seems  to be  ind ica ted  (Fig.. 3d and  k) but  r emains  doubtful .  
This also re la tes  to the  original  a r r angemen t  of the g lobular  s t ructures  seen  in the 
microphotographs .  The  part ic le  p re sen ted  in F igure  3c may  show such structures  in their  
original  position, bu t  clearly provides  no sufficient evidence.  

Probably  over  the  full l eng th  of the  contracti le sheath  the tai l  is su r rounded  b y  short 
fibrous mater ia l  (fringes) which,  upon  contract ion of the sheath,  becomes  more  conspicu-  
ous (Pig. 3d and  i). Due to these  fringes, it is impossible  to de te rmine  the ac tua l  wid th  of 
the  tail. Configurat ions  such as shown in Figures  3e and  3f may  be  disks of d i s in tegra ted  
sheaths.  Where  tails are broken-off ,  the  adap tor  protein  secur ing the h n k a g e  b e t w e e n  tail  
and  head,  which  differ in symmetry,  is appa ren t  (Fig. 3h and k, a r rowheads) .  A d j a c e n t  to 
this a collar consis t ing of three  disks  is seen,  as ind ica ted  by  arrows (Fig. 3 b - d  and  h). 

The origin and  na ture  of the fuzzy mater ia l  sur rounding the h e a d  of a lmost  all 
part icles  scrut inized remain  obscure.  It may  represen t  an t ennae  which  in this case  would  
appea r  to be  b r a n c h e d  (Fig. 3b). However ,  there  is no unques t ionab le  ev idence  to 
suppor t  this in terpreta t ion.  

Fig. 3. Phages with unusual tail appendages, negatively stained with UA. a-d: phage H7/2. Small 
arrows in b--d indicate the 3 disks of the collar, large arrow in c points to a configuration resembhng 
those found with phages shown in Fig. 2 (b-d), arrowhead in d indicates adaptor protein linking 
head and tail. e, f: disks of contracted sheath protein of phage H7/2 [e) and phage H84/1 (f), 
revealing fringes of tail. g: tail of phage H84/1 with 6 thick fibres attached to tail end, arrow indicates 
a fibres masked for the greater part. h: tail of phage H7/2 with adaptor protein (arrowhead) and 
cohar (arrows). i, k: phage H7/2, tails with contracted sheath, with arrowhead and arrow in k 
marking adaptor protein and a structure possibly representing a base plate, respectively. Bar 

represents 100 nm 
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Phages with antennae on the head 

Phages  with short knob- l ike  an tennae  

In addi t ion  to the  knob- l ike  an tennae  of unknown structure which  a p p e a r  to be  
direct ly a t t ached  to the ver t ices  of the head  (Fig. 4b-d) ,  the two strains a s s i g n e d  to this 
,group differ from the strains descr ibed  on p a g e  388 with r ega rd  to their  l onge r  tails bu t  
r e semble  those p h a g e s  in other  aspects.  

In p h a g e  A1350/1, of more  than 100 par t ic les  only a few with uncon t r ac t ed  shea th  
were  found (Fig. 4a and  b). Tail  l ength  is about  1.5 t imes the  l eng th  of the  h e a d  (Table 2}. 
A base  pla te  was  never  discernible;  however ,  short  sp ike- l ike  structures on  the  tai l ' s  tip 

Fig. 4. Phages with short knob-like antennae, negatively stained with UA. a--c: phage A1350/1, 
arrow in a pointing to one of the rarely observed particles with native tail structure. Arrow in b points 

to tail end of panicle, d, e: phage H96/1. Bar represents 100 nm 
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can be  seen. Particles with contracted tail  give the impress ion of a shea th  unravel l ing  
upon  contract ion (Fig. 4a and  c). 

In contrast, in intact  part icles of the  other  strain, H96/1, the exis tence of a ba se  pla te  
with sp ike -hke  a p p e n d a g e s  is indicated.  Its tail is about  2.5 t imes as long as its head.  The 
an t ennae  of strain H96/1 are very small  bu t  were  seen  in the majori ty  of the  part icles.  

Phages  wi th  long an t ennae  

The  only essent ia l  difference b e t w e e n  the two me mbe r s  of this group and the p h a g e s  
p r e sen t ed  on p. 388 is the  exis tence of long an t ennae  ex tend ing  from the vert ices  of the  
head.  The  an t ennae  are  t ipped  with t r i lobate bodies  {Fig. 5b-d) .  Short  a p p e n d a g e s  
a t t ached  to the tail  end  usual ly  point  u p w a r d  or shghfly s ideward,  r e s e m b h n g  those 
obse rved  in the majori ty  of phages  with the  usual  taft a p p e n d a g e s  (Fig. 5a and  b, 

Fig. 5. Phages with long antennae, negatively stained with UA. a--c: phage A1494/1. d: phage 
A1423/2. Bar represents 100 nm 
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compare Fig. Ib). A structure probably representing the base plate was visible in 
particles with contracted sheath (Fig. 5c). 

P h a g e s  w i t h  l o n g  n o n - c o n t r a c t i l e  t a i l  ( B r a d l e y  g r o u p  B) 

A m o n g  the p h a g e s  be long ing  to this group a few strains were  found, t h e  par t ic les  of 
which  have  an  e longa ted  head.  In two strains, virions both wi th  e l o n g a t e d  or isometr ic  
h e a d  were  observed,  isometr ic  heads,  however ,  are  character is t ic  for the ma jo r i ty  of the 
p h a g e  strains ass igned  to this group. 

P h a g e s  w i th  n o  a n t e n n a e  on  the  h e a d  

Phages  with usual  a p p e n d a g e s  on the tai l  

Six strains are  combined  in this group. In strain A1320/2 (Fig. 6e) on ly  e longa ted  
heads  were  observed,  while  in strain A762/1 (Fig. 6a, c, d), up to 10 % isomet r ic  heads  
were  found bes ides  e longa ted  ones. The r ema in ing  four strains (all of t he  H-series ,  see 
Table  2) are  charac te r ized  by  isometric heads.  

A common feature  of the six strains is a s lender  f lexible tail  with shor t  r igid fibres 
a t t ached  to its tip. In strain H14/1 (Fig. 6b), the original  a r r a n g e m e n t  of these  fibres 
remains  obscure;  the  i r regular i ty  obse rved  in their  posit ion is r e g a r d e d  as  an artifact. In 
the  other  strains, numerous  part icles  were  obse rved  with the  fibres r egu la r ly  a r ranged ,  
forming a s tructure which appea r s  in e i ther  a rec tangula r  (Fig. 6c, d) or  a t r iangular  
configurat ion (Fig. 6e, g). Most ly  both of them are  presen t  in virions of t he  same  strain. 
Cor respond ing  observat ions  were  made  by  Valent ine  et  al. (1966) in a p h a g e  strain 
i sola ted  by  Spence r  (1960) from the North Sea, which also be longs  to the  Bradley 
group B. Occasional ly,  a collar was discernible,  formed by  one disk just  b e n e a t h  the  head  
(Fig. 6d, e, arrow), a n d  somet imes  the structure involved in the  l inkage  b e t w e e n  head  
and  tai l  was  vis ible  in empty  heads  (Fig, 6g, h, arrowhead) .  

Phages  with large  a p p e n d a g e s  and (or only) a dis tal  p in  on the i r  tai l  

The seven bac t e r iophage  strains inc luded  in this group are  cha rac t e r i zed  by  an 
isometric h e a d  and  a long flexible taft which ex tends  into a s ingle r igid pin. In this regard ,  
these  p h a g e s  r e semble  the cohphage  T5. There  m a y  or may  not  be  a n u m b e r  of g lobular  
bodies  e i ther  direct ly  a t t ached  to the tail or at the tip of short  f ibres e x t e n d i n g  from the 
end  of the  tail. 

The most  complex  composi t ion of virions was observed  in strains A275/1,  A660/4, 
and  A882/1, which  a p p e a r  to be  morphologica l ly  identical .  Apparen t ly ,  s ix shor t  f ibres 
t i pped  with loba te  structures (Fig. 7b, g) ex tend  from the tail  at  the  same  reg ion  as the 
central  pin. Usually,  the  la t ter  could be  seen  only together  wi th  part icles,  the  a p p e n d a g e s  
of which were  ei ther  re loca ted  or (partially) lost dur ing p repa ra t ion  (Fig. 7a, arrows, 
and 7c). 

The par t ic le  shown in Figure  7c is poss ibly  an  example  of re locat ion of a p p e n d a g e s  
in toto. If so, such a re locat ion can occur only if the g lobular  bodies  are  b o u n d  toge the r  in 
some way, forming a 'bracele t '  configurat ion that  keeps  them in posi t ion dur ing  the 
process.  The  configurat ions  shown in Fig. 7g do not  contradic t  such an  assumpt ion .  
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Fig. 6. Phages with usual tail appendages,  negatively stained with UA. a, c, and  d: phage  A762/1, 
arrow in a indicates particle with isometric head. b: phage  H14/1. e: phage  A1320/2. Arrows in d and  
e mark faintly visible collar with one disk. f and  h: phage  H40/1. g: phage  H85/1. Arrowheads in g 
and h indicate point of l inkage be tween  head  and  tail, in topview of empty heads. Bar represents  

100 nm 
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Strain A701/1 (Pig. 7d) closely resembles  the aforement ioned ones, its s l ightly shorter  
tail  apparen t ly  be ing  the only morphologica l  difference. 

Phage  H36/1 (Fig. 7e and  f) differs from the four A-ser ies  p h a g e s  men t ioned  above  
by  its considerably  longer  tail. The p in  seems to b r e a k  off easily. Likewise,  the  at tach-  
ment  of the globular  bodies  to the tai l 's  tip was obviously less s table  than  observed  in the 
a forement ioned  A-ser ies  strains. 

In p h a g e  strains A289/1 and  H54/1, both  exhibi t ing the distal  pin, no g lobular  or 
lobate  a p p e n d a g e s  of the tail  were  observed.  However ,  the exis tence of such a p p e n d a g e s  
cannot  be  comple te ly  ru led  out. In micrographs  of these  phages  numerous  structures are  
visible which in size and  form correspond with the a ppe nda ge s  of the p h a g e s  desc r ibed  
above.  

A h igh  inc idence  of burs t  heads  was observed  in the bac te r iophages  of this group, 
except  in strain A289/1 (Fig. 7a). This is a unique  feature in the 12 groups  of p h a g e  strains 
invest igated.  Burst heads  often reveal  the structure of the point  of a t t achment  of the tail  
(Pig. 7a and h, arrowheads) .  

Phages  with r ings of small  a p p e n d a g e s  a long the whole l eng th  of the tail  

Strain H23/1 has  an  isometric head  with a non-contract i le  tail of low flexibility. Along 
its whole  length,  the tail  bears  regular ly  spaced  r ing- l ike  a s semblages  of small  s tructures 
which appea r  to have  the shape  of thorns (Fig. 8d), their  tip d i rec ted  at an angle  of about  
45 ~ toward  the head.  The number  of these  a s semblages  is most p robab ly  eleven.  They  
seem to be  easily lost {Fig. 8d-f) and  the virion a s a  whole  appears  to be  ra ther  sensi t ive to 
the prepara t ive  methods  employed  {Fig. 8a, b). The structure of the  tail end  remains  
dubious.  Al though the tai l 's  tip, with many  particles,  looks different from the u p p e r  par t  
of the  tail, ne i ther  a base  pla te  nor spikes  or short fibres were  clearly discernible  
(Fig. 8d-f). 

P h a g e s  w i t h  a n t e n n a e  on  t h e  h e a d  

Phages  with usual  a p p e n d a g e s  on the tail 

Except  for the p resence  of an tennae ,  the  three bac te r iophage  strains of this group do 
not significantly differ from those descr ibed  on p. 398. As in strain A762/1 (see above),  the 
majori ty of the virions of strains A762/2 have  an e longa ted  head;  the  port ion of virions 
with isometric head,  however ,  was smal ler  in the lat ter  strain. I r respect ive of the h e a d ' s  
shape,  long an tennae  t ipped  with tr i lobate structures were  present ,  most  p robab ly  
ex tend ing  from the vert ices (Fig. 9a, c, and  d). Strain H47/4 (Fig. 9b, e, and  f} has  an 
isometric head  with shorter  antennae .  These  bea r  conspicuous bodies  on the tip, the  
structure of which, however ,  remains  unknown.  Strain H15/1 has an isometric head  with 
an tennae  which apparen t ly  are e i ther  short  s tems or knob-hke  structures.  Rega rd ing  the 
ta i l -end configurat ion of these  strains, essent ial ly  the same observat ions  were  m a d e  as 
p resen ted  above.  

Pig. 7. Phages with large tail appendages and (or only) a distal pin, negatively stained with UA. a: 
phage A882/1, arrowheads marking point of linkage between head and tail (see also Fig. h). b, c: 
phage A275/1, particle shown in c assumed to he an artifact (see text), d: phage A701/1. Arrows in 
b, c, and d indicate faintly visible collar, e, f: phage H36/1. g: tails of phage A882/1, arrows indicate 
trilobate (?) end structure, h- empty head of phage A660/4, arrowhead indicates point of linkage 

between head and tall (adaptor protein?). Bar represents 100 nm 
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Fig. 8. Phage H23/1, the only phage with rings of small appendages along the whole length of the 
tail, negatively stained with UA. The tail bears 11 regularly spaced ring-like structures, seemingly 

built of easily lost subunits resembling thorns pointing upward. Bar represents 100 nm 

Phages  wi th  unusua l  a p p e n d a g e s  on the tail 

The only m e m b e r  of this group, p h a g e  strain A660/3, has an  e l o n g a t e d  h e a d  of 
hexagona l  outl ine with short a n t e n n a e  on the vert ices (Fig. 10a, b, arrows). The  structure 
of the  an t ennae  remains  unknown.  A t t ached  to the flexible tail, poss ib ly  by  short  fibres, 
there  are  three  regular ly  spaced  clusters of spher ica l  or (more probably)  loba te  bodies  
(Fig. 10e-g).  The  tail  tip of intact  virions (Fig. 10c) a p p e a r e d  swollen with no a p p e n d a g e s  
of any  k ind  discernible .  As in strain H23/1 (p. 401), the tail  of p h a g e  A660/3 was  easi ly 
pene t r a t ed  by  stain, preferent ia l ly  if phosphotungs t ic  acid was used,  thus a p p e a r i n g  as 
an empty  tube.  The adap to r  pro te in  (Fig. 10f, ar rowhead)  was  visible in situ with 
numerous  empty  heads  (Fig. 10d, a r rowhead;  see  also 10a, b). 

Ritchie et al. (1970) r epor ted  a p h a g e  der ived  from rumen fluid that  r e s e m b l e s  strain 
A660/3 in having  4 (or 5?) regular ly  spaced  clusters of small  a p p e n d a g e s  a t t a c h e d  to a 
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Fig. 9. Phages with usual tail appendages, negatively stained with UA. a, c, and d: phage A762/2. 
b, e, and if.. phage H47/4. Arrows in c mark trilobate end structure of antennae. Bar represents 

100 nm 

considerably longer tail. Additionally, this phage has an arrangement of large globular (?) 
bodies at the tip of its tail, closely resembhng configurations found in the phages reported 
above (p. 398). 

P h a g e s  w i th  short non-contrac t i l e  tail (Bradley group C) 

All phage strains assigned to this group have an isometric head of hexagonal  
contour. 

Phages w i t h  n o  a n t e n n a e  on  the  h e a d  

In the six members  of this group, two different types of taft structure were  found. 

Strains A45/1 (Pig. 11c )and  A63/1 (Pig. 11a, b} closely resemble  the col iphages T3 and 
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Fig. 10. Phage A660/3, the only representative of the group, negatively stained with phosphotungs- 
tic acid (a, b) or UA (c--g). Arrows in a and b indicate some of the faintly visible antennae, 

arrowheads in d and f mark adaptor protein linking head and taft. Bar represents 100 nm 

T7 in h a v i n g  a w e d g e - s h a p e d  tai l  w i th  usua l ly  no  s t ructura l  de ta i l s  d i sce rn ib le .  In a f e w  

par t ic les ,  h o w e v e r ,  t iny s t ruc tures  at  the  b a s e  of the  tail  w e r e  o b s e r v e d  (Fig. 1 l b ,  c). T h e  

r e m a i n i n g  b a c t e r i o p h a g e  s t ra ins  of this g roup  a p p e a r  to be  s imi lar  to t he  Sa lmone l la  
p h a g e  P22. The i r  ta i l  is m o r e  c o m p l e x  and  consis ts  of c l a w - h k e  p ins  the  n u m b e r  of w h i c h  

is p r o b a b l y  six (Fig. l l d ,  e). T h e  e x i s t e n c e  of a short  cen t ra l  t u b e  c a n n o t  b e  r u l e d  out. 
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Fig. 11. Phages with no antennae, negatively stained with UA. a, b: phage A63/1. c: phage A45/1. 
d, e: phage H45/1. Bar represents 100 nm 

P h a g e s  w i t h  a n t e n n a e  o n  t h e  h e a d  

Phages  with no unusua l  a p p e n d a g e s  on the tail  

The four m e m b e r s  of this group also show some remarkab le  differences in the 
morpho logy  of their  tail  structure apar t  from other  traits. 

Strain H17/1 (Fig. 12) has short  knob-hke  a n t e n n a e  (Fig. 12b, i -n)  and  a very  short  
tail  (Fig. 12b-d,  arrowhead) .  The an tennae  are  a t t ached  to the vert ices and  consist  of 
severa l  subunits  (Fig. 12i, arrow, and m). The small  disk~ structure with h e x a g o n a l  
out l ine (Fig. 12c, d, arrow; 12e at h igher  magnification),  f requent ly  found in H17/1 
prepara t ions ,  are a s sumed  to be  par t  of the tail structure, poss ibly  a ' base  p la te ' .  The  
posi t ion of this s tructure within the set-up of the virion is unknown.  D e p e n d i n g  on the 
d e g r e e  of pene t ra t ion  by  stain (Fig. 12d, f) or in ul t rathin sections (Fig. 12g, h) a multi-  
l aye red  structure of the head  may  become discernible.  From these  observat ions,  the 
exis tence  of at leas t  two distinct shells enve lop ing  a core is deduced .  Accordingly,  the  
par t ic les  shown in Figure  12o are r ega rded  as virions, the outer  shell  of which  is 
d is in tegrat ing,  with the  inner  shell  and  core discernible  in the  par t ic le  ind ica t ed  by  
arrow. In Figure  12p, the a r rowhead  points to a par t ic le  with the outer  shell  d is in tegra ted ,  
and  the arrow indica tes  a structure assumed  to be  the core of a virion with both  the  outer  
shells  removed.  Its almost  hexagona l  contour may  be  caused  by  a third (innermost) shell  
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still in place,  the exis tence of which  is possibly ind ica ted  in ul t ra thin  sections 
(Fig. 12g, h}. 

Owing to one-s ided  s taining of p h a g e  heads ,  s t ructures  on their  surface m a y  become  
visible. In Figures  12k and 12m, two virions are  p resen ted  with an tennae  d iscernible  both 
on their  surface and per iphery .  Lines d rawn b e t w e e n  the an tennae  ex tend ing  from the 
vert ices (Fig. 121, n) disclose the  icosahedra l  s tructure of the H17/1 virions. In F igure  12i, 
a virion is shown in a posit ion revea l ing  the fivefold symmetry  of an icosahedron.  There  
are only a few more viruses known  to show their  icosahedra t  symmetry  in such clarity 
(e.g. Adeno  virus). 

The other  three  member s  of this group {strains A88/1, A93/1, and  A1482/1) also have  
knob- l ike  an tennae  which  appea r  to be  somewha t  larger  than  those of  s train H17/1 
(Fig. 13a-d). In strain A1482/1, these  knobs  were  observed to consist of severa l  subuni ts  
(Fig. 13d). The  tail  of these  p h a g e s  is cons iderab ly  larger  than  that  of H17/1. Its s t ructure 
is similar to that  of phages  with no an tennae  (Fig. l l d ,  e) in that  it is main ly  composed  of 
c law-l ike  pins. The head -on  view of a virion of strain A93/1 (Fig. 13e) reveals  that  six pins 
surround a central  tube.  

Phages  with unusua l  taft fibres 

The virions of the nine p h a g e  strains compris ing .this group have  bas ica l ly  a 
morphology  similar to the three  strains desc r ibed  in the last  pa ragraph .  Their  isometr ic  
head  of hexagona l  outline has a short  tail  wi th  p robab ly  six c law-hke  pins or spikes.  Their  
an tennae ,  ex tend ing  from the vertices,  are  e i ther  knob-hke  structures (Fig. 14b) or short  
stems, or f i laments  t ipped  with small  bodies  (Fig. 14f, g, and  i). The structure of the 
an tennae  and  possible  differences b e t w e e n  the nine strains r ega rd ing  this type  of 
a p p e n d a g e  remain  dubious.  

The feature  which sets these  p h a g e  strains apar t  from the others be long ing  to group 
C of Bradley's ,  however,  is the occurrence of tail  fibres bear ing  tr i lobate bodies  on the 
distal  end. The length  of the fibres varies  shght ly  in the different strains (compare  in 
Fig. 14: b - e  with h and i). These  fragile s tructures were  most abundan t ly  found in strain 
A214/2 (Fig. 14a-e).  Among  the severa l  hund re d  of virions scrutinized,  m a n y  were  
observed  with five fibres but  only very few if any  with six fibres. As seen  in F igure  14d, 
the fibres ex tend  from a p la te- l ike  structure which  may  have a sixfold symmet ry  (inset in 
Fig. 14a). 

Fig. 12. Phage H17/I, negatively stained with UA (a-f and i-p) or ultrathinly sectioned (g, h). a: 
general view, black arrows mark particles with disintegrating outer shell, white arrow points to inner 
shell of disintegrated particle, b-d: particles with presumed tail indicated by arrowheads. Arrows in 
c and d mark disk-like structures of hexagonal outline, shown at higher magnification in e, which 
may represent lost base plates, f: particle penetrated by UA, revealing existence of a multi-layered 
envelope, g, h: ultrathinly sectioned particles revealing three-layered capsid structure, i: particle in 
position showing fivefold symmetry axis of an icosahedron, with arrow indicating antenna with 
subunits discernible, k, l and m, n: virions with one-sided staining, showing the protrusions on 
vertices in topview. Connections drawn between protrusions (Pigs I and n) demonstrate icosahedral 
symmetry of phage head. o: particles with disintegrating outer shell, arrow marks a virion with inner 
shell discernible because of UA penetration, p: particles in various stages of disintegration, arrow- 
head indicating one with outer shell lost and arrow marking another with second shell lost, too. Its 
remainder has still a somewhat hexagonal outline, possibly indicating existence of a third shell. Bar 

represents 100 nm except for e (= 50 nm) 
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Fig. 13. Other phages with no unusual tail appendages, negatively stained with UA. a, d: phage 
A1482/1, arrows in d point to antennae with subunits discernible, b, c: phage A88/1. e:  phage A93/1, 

arrows indicating sixfold symmetry of base plate. Bar represents 100 nm 

DISCUSSION 

As far as can be  j u d g e d  from the avai lab le  information, no b a c t e r i o p h a g e s  of mar ine  
or nonmar ine  origin have  been  desc r ibed  so far by  other  authors  that  w o u l d  fit into four 
sect ions of this p resen ta t ion  (pp. 392/393, Figs 2 and 3, p. 397, Fig. 5, p. 398, Fig. 7, p. 401, 
Fig. 9). In addit ion,  of two somewha t  similar p h a g e s  the s ingle  strain (A660/3) desc r ibed  
on p. 402 (Fig. 10) is the  only one der ived  from a mar ine  environment .  These  sect ions 
comprise  p h a g e  strains charac te r ized  by  conspicuous  a p p e n d a g e s  such as  long  a n t e n n a e  
or tail  fibres. It may  be  mere ly  acc identa l  that  phages  of cor responding  morpho logy  have  
not  b e e n  isola ted  up till now. As will  be  d iscussed below, there  are  indications,  of the  
exis tence  of morphologica l ly  different  bac t e r iophage  popula t ions  res t r ic ted  to cer ta in  
a reas  in the  nor thern  Atlantic.  Since the  majori ty  of mar ine  phages ,  the  morpho logy  of 
which  was  repor ted  by  other  authors,  were  isola ted from samples  t aken  in the  Pacific, the  
possibi l i ty  exists that  p h a g e s  fitting into the sections men t ioned  above  w e r e  missed  due  
to geograph ic  separat ion.  However ,  there  is also a possibi l i ty  that  a p p e n d a g e s  charac-  
teristic of the  p h a g e s  inc luded  in these  sections, be ing  of ra ther  fragile s tructure,  were  
lost dur ing  p repara t ion  due  to the methods  employed  by  other  invest igators .  

There  is one example  to be  po in ted  out  in this context.  H i d a k a  & Fu j imura  (1971) 
who used  1 %  ammonium ace ta te  solution as med ium for pe l le ted  p h a g e  par t ic les  and  
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Fig. 14. Phages with unusual tail fibres, negatively stained with UA. a - e :  phage A214/2. Inset in a: 

disk-like structure, possibly representing a base plate as indicated by its sixfold symmetry, f ,  g :  

phage A1464/3. h:  phage A1474/1. i :  phage A1288/1. Bar represents 100 nm except for the insert 
i n a  

phosphotungstic acid as stain, isolated one phage strain (OXN-100P) which fits the 
description given on p. 407 of this investigation. The two particles presen ted  by the 
authors, however, bear  only one and three appendages ,  respectively, that correspond 
structurally to those observed in our phages,  i.e. long tail fibres with trilobate structures at 
the tip. Phage 2ZT-33P of Hidaka (1973) may also belong to this group, but  in this case 
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only one of two virions demonstrated faintly shows one (or two?) such appendages. 
According to our experience with 9 strains, the appendages in question are of consider- 
able, though varying, stability. The different'findings obtained with similar phages may 
therefore be due to the variant methods employed, although they may be caused also by 
differences among the phage strains. 

Phages morphologically similar to those ascribed to the remaining sections of this 
investigation were reported by several authors. Those which would fit the descriptions 
given on pp. 388 (Fig. 1), 398 {Fig. 6) and 403, 404 {Fig. 11} were most commonly 
encountered. Three strains fitting the descriptions presented on pp. 396 (Fig. 4) and 407 
(Fig. 13) were isolated by Hidaka & Fujimura (1971). Zachary (1974) reported a phage 
similar to our strain H23/1 (p. 401 [Fig 8]) but ascribed it to the Bradley group A, 
indicating the presence of a contractile sheath. Two non-marine phages of similar 
appearance, infective for Rhizobium rnelflotis, are described by Fraenkel-Conrat (1986) 
as "probably Myoviridae", also pointing to the {probable) existence of a contractile 
sheath. In our strain H23/1, no indication of such a structure was Observed. Phages 
isolated by Hidaka {1973} and Hidaka & Fujimura {1971} which very probably could be 
ascribed to the group presented on p. 407 (below} have already been mentioned. 

On the other hand, among the phages included in this investigation several morpho- 
logical types reported by other authors were not encountered. Hidaka & Fujimura (1971} 
isolated phages with non-contractile tails, the length of which was about or more than 
three times that of the head. Koga & Kawata (1981) reported a phage strain with long 
non-contractile tail and a head covered with knob-like projections. A similar looking 
strain was isolated by Keynan et al. (1974}. Hidaka & Fujimura {1971} and Zachary (1974} 
reported one.phage strain each belonging to group A of Bradley's, with a head about 
twice as long as wide, and another group A phage isolated by Zachary {1974} measured, 
extraordinarily, 480 nm in length. The last mentioned author also observed phage 
particles possibly representing members of the Bradley group D or E. 

For reasons of no bearing on the topic of this paper, phage strain H17/1 (p. 405) is the 
most attentively investigated one among the 75 strains included in the present study. It is 
conspicuously sensitive to temperatures below 4 ~ and above 25 ~ and extremely 
sensitive to chloroform. The stabihty of phage stocks prepared with various media and by 
different methods is embarrassingly low. Finally, it is a semi-temperate bacteriophage 
(Moebus, unpublished data}. In some of these characters as well as in its morphology, 
H17/1 closely resembles the phage strain O7T-12P isolated by Hidaka {1973} and 
investigated in greater detail by Hidaka & Shirahama {1974}. Another similar phage is 
strain O6N-58P of Hidaka & Fujimura (1971), further studied by Hidaka & Ichida (1976}. 
The latter authors assumed that, because of its extreme sensitivity to chloroform, this 
strain may be another lipid-containing marine bacteriophage. Strain O6N-58P is the only 
RNA-containing marine phage reported so far. 

Strain H17/1 also resembles phage PM2 of Espejo & Canelo {1968) which was the 
first hpid-containing bacteriophage isolated and, therefore, attracted the attention of 
many authors {for review see Mindich, 1978}. As reported by Espejo & Canelo (1968), 
strain PM2 depends on low temperature for survival and reproduction and is highly 
sensitive to organic solvents. According to Silbert et al. {1969} PM2 does not show any tail 
structure. These authors observed small projections only on the vertices of the virions, 
which with some particles were seen in a splayed configuration. As the taft structure of 
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H17/1 morphologica l ly  remains  dubious  it m a y  in rea l i ty  be  similar  to the  sp layed  
project ions of PM2. 

Of far more in teres t  than the doubtful  tail  s tnicture  is the  set-up of the H17/1 capsid  
which ~ery closely resembles  f indings repor ted  for PM2. The early observat ion of a 
doub le - l aye red  coat  discernible  in nega t ive ly  s ta ined  par t ic les  (Espejo & Canelo,  1968) 
were  conf i rmed by  Silbert  et  al. (1969} who found PM2 to be  buil t  of an outer  and  an inner  
shell  sur rounding a core. Fur ther  invest igat ions  on PM2 per formed  by  Hinnen  et al. 
{1974} and  Sch~ifer et al. (1974} resul ted in a mode l  of this p h a g e  which, bes ides  other  
details ,  inc ludes  an  outer  and  an inner  shell  consist ing of protein  II and  III, respect ively,  
and  a phosphol ip id  b i layer  in be tween .  As demons t ra ted  in Figure 12 (a,d,f-h,o,p), our 
observat ions  on H17/1 indicate  the exis tence of at least  two shells enve lop ing  a core. The 
three  layers  sur rounding  the  core, obse rved  in ul trathin sect ions (Fig. 12g, h), a re  poss ibly  
in a g r e e m e n t  with the mode l  of Schafer  et al. (1974} d e v e l o p e d  for p h a g e  M2. Toge ther  
with the ext reme sensi t ivi ty to chloroform, our f indings point  out the  possibi l i ty  that  
H17/1 is another  hp id-conta in ing  p h a g e  of mar ine  origin. They also may  serve as a clue 
for unde r s t and ing  the rap id  loss of infectivity of H17/1 dur ing  s torage under  any of the 
condit ions tes ted  so far. 

The bac t e r iophages  descr ibed  in this p a p e r  were  i sola ted  from w a t e r  sampled  in 
various regions of the  no r them Atlantic (A-series} or nea r  He lgo land  (H-series). Abou t  
the same degree  of morphologica l  diversity, on the one hand,  and  morphologica l ly  
similar types,  on the  other  hand, were  found among  the bac t e r iophages  der ived  from 
both the  Atlantic  and  the North Sea. However ,  there  is one conspicuous  difference 
b e t w e e n  the p h a g e  strains of both  series concerning  the occurrence of unusua l  a ppe nd -  
ages  of some leng th  (knob- l ike  an tennae  excluded}. Whi le  of the 20 H-ser ies  p h a g e s  
inves t iga ted  only 3-4  strains (H7/2 and H84/1, p. 394 [below]; H36/1 and,  possibly,  H54/ 

1, p. 401 [above]) were  observed  to have such structures,  the  respect ive  number  with 55 
A-ser ies  strains, however ,  is 24. 

At  present ,  one can only specula te  on the functions of a p p e n d a g e s  such as long 
an t ennae  or tail fibres. One  possible  in terpre ta t ion could be  that  such structures may  help  
to secure  adsorpt ion  of a p h a g e  part icle  onto the host  cell, and  another  would  imply that, 
by  such 'far reaching '  appendages ,  the chances  of a virion mee t ing  a host  cell increase,  
p rov ided  that  the a p p e n d a g e s  themselves  are  sui ted to recognize  host  cells among  all the 
par t icula te  mat ter  a virion may  encounter .  Cons ider ing  the much grea te r  ra reness  of 
cul t ivatable  bac ter ia  in the  Atlantic as compared  with the  North Sea, p robab ly  ref lect ing 
similar differences b e t w e e n  both ecosystems r ega rd ing  the f requency  of sui table  host  
bacter ia ,  the  high inc idence  of tong a p p e n d a g e s  among  the bac t e r iophages  from the 
Atlantic seems, in the l ight  of the above  hypotheses ,  intelhgible .  

As repor ted  by  Moebus  & Na t tkemper  {1981) and  Moebus  (1983}, cons iderable  
differences with r ega rd  to p h a g e  sensit ivity pa t te rns  were  found b e t w e e n  bac ter ia l  
isolates col lected east  or wes t  of the Azores, respect ively.  Cons ider ing  the p resen t  results  
in v iew of the ear l ier  ones, the following observat ions  were  m a d e  with the A-ser ies  
phages  inves t iga ted  by  electron microscopy (phage mutan t  A1536/1-1, see  Table  2, 
exc luded  from consideration}: 

A m o n g  the 19 strains briefly descr ibed  on p. 388 {Fig. 1), their  morpho logy  roughly  
resembl ing  that  of the  T-even  col iphages,  only 4 were  der ived  from samples  t aken  wes t  
of the Azores  ("western"  strains, strain numbers  from 183 to 1242}. These  4 strains were  
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the only ones of this group able to tyse "westem" bacteria, and 3 of them lysed only 
"western" bacteria. The 15 "eastern" phage strains lysed "eastern" bacteria only. With 
all 19 strains very narrow host ranges were 'observed, encompassing between 1 and 6 
bacterial strains among the 733 A-series bacteria tested (Moebus & Nattkemper,  1981; 
Moebus, 1983, and unpubhshed data}. 

The 7 morphologically inseparable phage strains described on p. 392-393 {Fig. 2) 
were derived from the westernmost part of the Atlantic sampled {west of 45~ In these 
phages, extensively overlapping host ranges were found covering 60 A-series bacteria 
representing 42 different phage sensitivity patterns. The phages lysed 50 "western" 
bacteria collected in the whole range of the "western" Atlantic sampled as well as 10 
"eastern" bacteria. The latter were isolated from 3 water samples taken be tween 10~ 
and 15~ i.e. far away from the sampling sites of these bacteriophages and within a 
relatively narrow range. These "eastern" bacteria were also lysed by phages A1482/1 
and A1464/3 which both are "eastern" phages belonging to the Bradley group C (see 
Table 2). Phage strain A720/1 (Fig. 2f-h}, set apart from the aforementioned 7 strains by 
shorter tail fibres, lysed only the bacterial strain used for its isolation {Moebus & 
Nattkemper, 1981; Moebus, 1983}. 

Similar observations were made regarding phage strains described on p. 398 {below} 
(Fig. 7). The phages A275/1, A660/1, and A882/1 are morphologically inseparable  which 
corresponds with widely overlapping host ranges. By these phages 10 "western '~ bac- 
terial isolates were lysed, but in 14 "eastern" bacteria lysis or inhibition was observed, 
both with about the same frequency. In strain A701/1, differing from the 3 aforemen- 
tioned ones by a slightly shorter tail, no similarity in host range was detected. Instead, its 
host range overlaps with that of strain A289/1 {Moebus & Nattkemper, 1981; Moebus, 
1983, and unpublished data}, which is assigned to the same group but differs from the 4 
strains mentioned before by the apparent  lack of unusual appendages  of the tail and a 
head tess easily destroyed during preparation for electron microscopy. {It should be 
pointed out here that the assignment of all phages to the various groups is based 
exclusively on morphological traits.} 

Observations made with the 15 phage strains found to belong to Bradley's group C 
are quite similar to those discussed above regarding the phage strains described on 
p. 388. Of these strains 12 are "eastern" ones, and of the 3 "western" strains two (A214/2 
and A216/2) were isolated within the range of the Azores. Except for the 3 "western" 
phages, exclusively lysing their respective "westem" host, these phages lysed only 
"eastern" bacteria, and almost no similarity in host ranges was found. 

Moebus & Nattkemper {1981} concluded from their findings concerning the phage 
sensitivity patterns of Atlantic Ocean bacteria that considerable differences exist be- 
tween "eastern" and "western" microbial populations. They also pointed out that such 
differences may even exist between less widely separated populations. The results of this 
investigation strongly support their view. As indicated by the observations discussed 
above, some of the groups of morphologically different bacteriophages comprise strains 
derived from distinct areas in the Atlantic. In one case, it was a remarkably small one: five 
of the 7 morphologically identical phages described on p. 392-393 {Fig. 2} were isolated 
from samples taken in the Sargasso Sea, with a sixth strain found near  the Bermudas. 

One might argue that the number of phage strains investigated is too low to support 
such far-reaching conclusions, and that our observations may be biased by the fact that 
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only phage  strains were investigated which, by using s tandard methods, yielded high- 
titre phage  suspensions. The latter point may certainly be important  in regard to the 
n u m b e r  of different morphological types observed, but  concerning the assumed geo- 
graphic separation of structurally different bacter iophage types it seems of htfle bearing.  
Firstly, 50 % of the phage strains which met  with the precondit ion ment ioned  were 
investigated. Secondly, the phages were selected according to the ass ignment  of their 
'original '  host (i.e. bacteria used for isolation of respective phage) to 10 groups compris- 
ing be tween  2 and  128 bacterial isolates, 9 of which combined bacteria related by phage 
sensitivity patterns. In the selection of phages  from these groups, established phage 
sensitivity pat terns were disregarded, i.e. selection of phages with highly similar host 
ranges occurred in a random fashion. Thirdly, wherever  possible, phages  of different 
geographic origin within these groups were selected. Altogether, 23 "western" and  31 
"eastern" phage  strains were investigated. For these reasons, our observation of "east- 
ern" and  "western" morphological types among the invest igated bacter iophages is not 
regarded as severely biased but  as substantial ly reflecting the natural  differences 
be tween  bacter iophage populations present  east and west of the Azores, respectively, in 
the nor thern  Atlantic. 

As for the H-series bacteriophages investigated, widely overlapping host ranges  
were observed with strains H7/2, H54/1, and  H84/1 only (Moebus & Nattkemper,  1981). 
Both the first and  last ment ioned strains were found to be very similar morphologically 
(p. 394 [Fig. 3]), but  strain H54/1 (p. 401 [above]) is completely different. In these 3 strains 
the aforement ioned authors also observed lytic or inhibitory activity on quite a n u m b e r  of 
A-series bacteria, which were almost all "western" isolates and, except one, insensi t ive 
to A-series bacteriophages.  All but  one of the other H-series phages  used in this 
invest igat ion were found to lyse only the respective original host. The exceptional  strain 
(H15/1) lysed one addit ional bacterial isolate (Moebus & Nattkemper,  1981). 
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