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ABSTRACT: The results of phage-hos t  cross-reaction tests reported by Moebus  & Nat tkemper  
(1981) were re -examined  us ing  serially di luted bac ter iophage  suspensions to elicit the actual  type 
of reaction be tween  the  bac ter ia  and  p h a g e  tysates tested. More than  1450 phage-hos t  systems were 
s tudied at 25 °C incuba t ion  temperature.  Among the near ly  300 phage  strains used, 29 were  
identif ied as tempera te  ones. In about  65 % of the phage-hos t  systems bac te r iophage  propagat ion 
was indicated by p laque  formation. The remain ing  systems were character ized by the " inhibi t ion"  
reaction of bacter ia  to phage  lysates indica ted  by  homogeneously  reduced bacter ial  growth within 
the test a rea  wi thout  product ion of p rogeny  phages.  Since crude phage  tysates had  to be  used, it 
remains  obscure whe the r  agents  other  than  infective phage  particles (defective ones or bac- 
teriocins) caused this reaction. Among 269 systems of the inhibi t ion type which  were also tested at 
5 ° and  15 °C, 54 were observed to propaga te  phages  at one of or bo th  the lower temperatures.  
Plaques produced at 15 °C wi th  several  phage-hos t  systems were found to yield only few progeny 
phages  which  genera l ly  could not  be  propagate  d to produce high- t i ter  p h a g e  stocks. With one 
system temperature-sens i t ive  phage  mutan t s  were isolated. The probabil i ty  of inhibi t ion reactions 
occurring was found to be  h igher  with  phage-hos t  systems isolated east of the Azores than  with 
systems derived from the  western  Atlantic.  With systems from the last ment ioned  area the 
proportion of inhibi t ion versus lytic responses  of bacter ia  to phages  was observed to increase with 
the  distance b e t w e e n  the  stat ions where  both  parts  of the systems were  derived. The latter f indings 
are discussed in v iew of the  assumption that  bacter ial  and  bac ter iophage  populat ions undergo 
genet ic  changes  whi le  be ing  t ranspor ted from west  to east. 

I N T R O D U C T I O N  

R e c e n t l y ,  M o e b u s  & N a t t k e m p e r  (1981) p r e s e n t e d  t h e  f i n d i n g s  of p h a g e - h o s t  cross-  

r e a c t i o n  (PHCR) t e s t s  p e r f o r m e d  w i t h  774 b a c t e r i a l  a n d  298 b a c t e r i o p h a g e  s t r a i n s  

i s o l a t e d  f r o m  w a t e r  s a m p l e s  c o l l e c t e d  f r o m  t h e  A t l a n t i c  O c e a n  b e t w e e n  t h e  E u r o p e a n  

c o n t i n e n t a l  s h e l f  a n d  t h e  S a r g a s s o  S e a  as  w e l l  as  f rom t h e  N o r t h  S e a  n e a r  H e l g o l a n d .  In 

c o n t r a s t  to  t h e  m e t h o d s  u s u a l l y  e m p l o y e d  for  p h a g e  t y p i n g  ( K a s a t i y a  & Nico l l e ,  1974), 

o n l y  u n d i l u t e d  p h a g e  l y s a t e s  w e r e  u s e d  for  t h e  P H C R  t e s t s  to f a c i l i t a t e  h a n d l i n g  of t h e  

e x t e n s i v e  m a t e r i a l .  Fo r  t h i s  r e a s o n  t h e  a c t u a l  t y p e  of r e a c t i o n  of m a n y  b a c t e r i a  to  p h a g e s  

r e m a i n e d  u n k n o w n .  

T h e r e  a re  t w o  t y p e s  of r e a c t i o n  to b e  e x p e c t e d :  lyr ic  r e s p o n s e  d u e  to p r o g a g a t i o n  of 

p h a g e s  b y  b a c t e r i a  a n d  " i n h i b i t i o n "  (Bla i r  & W i l l i a m s ,  1961). To d i s t i n g u i s h  b e t w e e n  t h e  
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reac t ion  types,  p h a g e s  have  to be  a p p l i e d  at  var ious  concentra t ions  to sens i t ive  bacter ia .  
The tyt ic  response  of bac t e r i a  to v i ru lent  or t empera t e  p h a g e s  is i nd i ca t ed  by  p l a q u e  
format ion which  is o b s e r v e d  af ter  suff icient  (and gene ra l l y  high)  d i lu t ion  of the  lysa tes  in  
quest ion,  inh ib i t ion  is on ly  encoun te r ed  wi th  h igh- t i t e r  p h a g e  lysa tes  after  no or w e a k  
dilut ion.  It is cha rac te r i zed  b y  a dec rease  in bac te r i a l  g rowth  w~thin the  test  a r ea  wh ich  
m a y  even  s imula te  conf luent  tysis, and  by  the l ack  of p l a q u e  format ion at  any  of the  
lysa te  dilutions used (Blair & Wil l iams,  1961). 

A considerable portion of the findings of Moebus & Nattkemper (1981) indicating 
phage sensitivity of bacteria was based on the observation of turbid spots. Three types of 
reaction leading to turbid spots have been considered: lysogenization of bacteria by 
temperate phages, development of tiny plaques which even in very large numbers do not 
cause clear lysis, and inhibition. 

The main purpose of this investigation was to elucidate the meaning of the turbid 
.spots formerly observed. However, since inhibition may simulate confluent lysis all 
phage-host systems known to produce any type of reaction between bacteria and phages 
were re-examined using serially diluted lysates. In addition, certain phage-host systems 
which yielded negative results in the PHCR tests of Moebus & Nattkemper (1981) were 
tested to verify differences in phage sensitivity patterns among closely related bacterial 
strains. 

MATERIALS AND METHODS 

M e d i a. The  same  m e d i a  as g iven  b y  Moebus  & N a t t k e m p e r  (1981) were  used.  
B a c t e r i a ,  b a c t e r i o p h a g e s ,  a n d  t h e i r  d e s i g n a t i o n .  Al l  bac t e r i a  

( inc luding  double t  strains) k n o w n  to b e  sens i t ive  to the  p h a g e  s trains  e m p l o y e d  by  
Moebus  & Na t tkempe r  (1981) were  used.  In contrast,  of the  formerly  e s t ab l i shed  groups  
of b a c t e r i o p h a g e  double t s  only  one represen ta t ive  p h a g e  s t ra in  was  employed .  The 
des igna t ion  of bac te r ia  and  p h a g e s  is the same as g iven  by  Moebus  & N a t t k e m p e r  
(1981). The  term "or ig ina l  host"  refers to bac te r ia  by  means  of which  the respec t ive  
p h a g e  s t ra in  was de tec ted ,  puri f ied,  and  p r o p a g a t e d  for lysa te  p repara t ion .  

S e n s i t i v i t y  t e s t s .  Crude  p h a g e  lysates  (Moebus,  1980) were  spot ted  on 
d o u b l e l a y e r  p la tes  (Moebus  & Nat tkemper ,  1981) und i lu t ed  and  after 3 consecut ive  
di lut ions  of about  1/100 each,  p r o d u c e d  by  means  of ca l ib ra t ed  loops t ransfer r ing  10 ~tl. 
The spot- tes t  p la tes  were  rou t ine ly  i ncuba t ed  at 25 °C overnight ,  however ,  wi th  m a n y  
phage -hos t  systems ind ica t ing  bac te r i a l  inh ib i t ion  at 25 °C, pa ra l l e l  spot- tes t  p la tes  were  
i ncuba t ed  at 15 °C (1 day) and  at  5 °C (3 days).  

I d e n t i f i c a t i o n  o f  t e m p e r a t e  b a c t e r i o p h a g e s .  Lysates of p h a g e s  
p roduc ing  homogeneous ly  tu rb id  p l aques  were  spot ted  on l awns  of the  respec t ive  host  
bac ter ia .  Smal l  por t ions  of conf luent ly  tysed  (turbid) spots  we re  t ransfer red  into S%,VB/5 
and  i n c u b a t e d  overnight  at  25 °C and  1 rpm. The  cul tures  were  s t r eaked  on SWA and  the  
p la tes  i ncuba t ed  at the  same  t e m p e r a t u r e  for 2 days.  From each  s t reak  6 colonies  were  
p i c k e d  and  c l eaned  by, at  least ,  3 consecut ive  s t reaks  on SWA. From the  las t  s t r eak  8 or 
more  colonies  were  i so la ted  a n d  spot ted  on soft-SWA over - lays  con ta in ing  about  108 
ce l l s /p la te  of the r e spec t ive  n o n - l y s o g e n i z e d  host  bacter ia ,  After  incuba t ion  at  25 °C 
overn igh t  the  p la tes  were  checked  for growth  of p h a g e - t r e a t e d  bac te r i a  su r rounded  b y  a 
tu rb id  lysis zone d e v e l o p e d  wi th in  the  over lay  ind ica t ing  successful  l y sogen iza t ion  of 
the  bac te r ia  spot ted  on top of the  overlay.  For f inal  tests the  l y sogen ized  bac t e r i a  were  
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grown in SWB/5 and  the  cul tures  c h e c k e d  for immun i ty  of the  cel ls  aga ins t  the  
respec t ive  t e m p e r a t e  p h a g e  s t ra in  as we l l  as  for the  p re sence  (and number)  of p l a q u e  
forming  uni ts  (PFU). 

R~SULTS 

In this  inves t iga t ion  the  f ind ings  of Moebus  & N a t t k e m p e r  (1981) ind ica t ing  sen-  
si t ivi ty of bac t e r i a  to u n d i l u t e d  b a c t e r i o p h a g e  lysates  were  r e - e x a m i n e d  by  a p p l y i n g  
lysa tes  und i lu t ed  as  wel l  as lysa te  d i lu t ions  of about  10 -2, 10 -4, and  104 to bac te r i a  which  
then  we re  i n c u b a t e d  at 25 °C. The  observat ions  m a d e  can  be  summa r i z e d  as follows: 

(1) P laque  format ion  after app l i ca t ion  of h igh ly  d i lu t ed  lysa te  wi th  no or Iitt le 
difference in the  n u m b e r  of p l aques  on lawns  of the  p h a g e ' s  o r ig ina l  host  and  of o ther  
bac te r i a l  strains.  Results  of this  type  are  p r e sen t ed  as circles in  F igures  i and  2, 

(2} P laque  format ion  wi th  h igh ly  d i lu ted  lysate  on l awn  of the  p h a g e ' s  or ig ina l  host  
bu t  on lawns  of o ther  bac te r i a  only  after no or w e a k  dilut ion,  p robab ly  ind ica t ing  the 
p resence  of p h a g e  mutan t s  in the  lysate ,  Results  of this  type  are  p r e sen t ed  by  the capi ta l  
le t ter  P in F igures  I and  2. 

(3) No format ion  of p l aques  wi th  any  of the  lysa te  d i lu t ions  bu t  confluent  change  in 
a p p e a r a n c e  of bac te r i a l  l awn in spot  a rea  after app l i ca t ion  of und i lu t ed  or w e a k l y  
d i lu ted  (10 -2} lysate .  D e p e n d i n g  on the  p h a g e  titer, u n d i l u t e d  lysate  causes  to ta l ly  c lear  
to more or less tu rb id  spot  area~ w e a k l y  d i lu ted  lysate  p roduces  tu rb id  spot area,  the  
deg ree  of tu rb id i ty  gene ra l l y  b e i n g  ve ry  high. (Only occas iona l ly  s l ight  change  in 
a p p e a r a n c e  of spot  a rea  as c o m p a r e d  to su r rounding  lawn was found wi th  lysates  d i lu ted  
10-4). Results  of this  type  i nd i ca t i ng  inh ib i t ion  of bac te r ia  are  p r e sen t ed  as dots in 
F igures  1 and  2. 

(4) P laque  format ion  in combina t ion  with  changes  of bac te r i a l  l awn  ind ica t ing  
inh ib i t ion  of bac ter ia ,  most ly  obse rved  only  after app l i ca t ion  of und i lu t ed  lysate.  Plaques  
gene ra l l y  t iny  (0.2 rrml ~ or less}. This  type  of reac t ion  is also r ep re sen t ed  by  dots in 
F igures  1 and  2. 

Moebus  & N a t t k e m p e r  (1981) p l a c e d  225 out of 326 At lant ic  O c e a n  (A-series) 
bac te r i a l  s t rains  found to be  sens i t ive  to one  or more  A-ser ies  b a c t e r i o p h a g e  strain(s) into 
two la rge  clusters  compr i s ing  160 (cluster 1} and  65 ( d u s t e r  2) strains,  respect ive ly .  After  
r e - examina t i on  4 smal l  groups  of bac te r i a l  and  co r respond ing  b a c t e r i o p h a g e  s trains  had  
to b e  r emoved  from clus ter  1 b e c a u s e  the i r  formerly  obse rved  l i n k a g e  to other  m e m b e r s  
of this  c luster  could  not  b e  confirmed,  ma in ly  due  to the  loss of a few p h a g e  and  bac te r i a l  
s t rains  in  the  mean t ime .  Other  changes  in  cluster  t a re  caused  b y  the  recogni t ion  of 
severa l  bac te r i a l  and  p h a g e  s t r a in s  as b e i n g  double t s  of others. Clus ter  1 in  its p resen t  
composi t ion,  stil l  i nc lud ing  128 bac te r i a l  strains,  is shown in F igure  1. 

With  cluster  2 only  minor  changes  occurred as compared  wi th  the  resul ts  of 
Moehus  & N a t t k e m p e r  (1981} due  to some newly  r ecogn ized  double t s  among  bac te r i a  
and  p h a g e s  and  the loss of one bac t e r i a l  strain. The recent  f indings  concern ing  cluster  2 
are  p r e sen t ed  in  F igure  2. 

As the  ma in  pu rpose  of this  inves t iga t ion  was to solve the  p r o b l e m  of tu rb id  spots 
obse rved  dur ing  the  in i t ia l  PHCR tests  (Moebus  & Nat tkemper ,  1981), spec ia l  a t tent ion 
was  p a i d  to the  iden t i f ica t ion  of t e m p e r a t e  bac t e r i opha ge  strains. Al l  p h a g e s  p roduc ing  
h o m o g e n e o u s l y  tu rb id  p laques  on l awn  of thei r  or ig ina l  hosts were  tes ted  for thei r  
ab i l i ty  to es tab l i sh  ly sogeny  in these  bacter ia .  Twen ty -n ine  p h a g e  strains were  found to 
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Fig, 1, B a c t e r i o p h a g e  sens i t i v i t y  p a t t e r n s  of A t l an t i c  O c e a n  b a c t e r i a  (c lus ter  1). D o u b l e t s  of bac t e r i a  
a n d  p h a g e s  a re  pooled;  i n t r a s a m p l e  d o u b l e t s  a re  p r e s e n t e d  in  p a r e n t h e s e s .  Circ les ;  p l a q u e  
fo rma t ion  w i t h  h i g h l y  d i l u t e d  p h a g e  tysa te ;  P: p l a q u e  fo rma t ion  w i th  u n d i l u t e d  or w e a k l y  d i l u t e d  

1ysate; dots: i nh ib i t i on  of b a c t e r i a  b y  p h a g e ;  b l a ck  t r i ang les :  t e m p e r a t e  p h a g e  s t ra in  
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Fig. 2. Bacteriophage sensitivity patterns of Atlantic Ocean bacteria (cluster 2). Other information 
as for Figure 1 

be  temperate  ones. In Figures 1 and  2 temperate  phage  strains are indica ted  by a b lack  
t r iangle  in  front of their  designat ion.  Thirty-three bacter ial  strains were found to be 
susceptible  to tysogenizat ion by one or more of the 29 temperate  phages.  In sum, 
lysogeny was es tabl ished in  54 phage-hos t  combinat ions.  

As compared with lysogeny, inh ib i t ion  was found to be much more important  in  
causing turbid spots. Among  the 1299 re -examined  phage-host  systems of the A-series, 
358 are characterized by inhib i t ion  at 25 °C. Of these systems, 250 and  34 be long  to 
clusters 1 and  2, respectively, and  the r ema in ing  to other much smaller  groups of related 
phage-host  systems. 

Clusters 1 and  2 differ in  several  aspects. In cluster I more than  50 % of the 92 phage 
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sensit ivity pat terns are characterized by  bo th  lyric and  inh ib i t ion  reactions of bacter ia  to 
phages,  whereas  in  cluster 2 near ly  80 % of the 45 pat terns are characterized by lyric 
responses only. Inhibi t ion by phages  was  observed in  more than  60 % of the 124 
bacter ial  strains comprising cluster 1 but  in  only 17 To of the 64 strains compiled in 
cluster 2. 

Another  difference be tween  both clusters concerns the geographic origin of bacter ia  
(and phages). Cluster 1 combines  59 bacter ia l  strains isolated from samples  t aken  west of 
the Azores ("western" bacteria,  Strain Nos. 183 to 1242} and  69 strains der ived from 
samples collected east of these is lands  ("eastern"  bacteria}. In  cluster 2 the respect ive 
number s  are 52 and  12. From these f ind ings  the ques t ion arises whether  there is any  
correlation be tween  the geographic  or igin  of bacter ia  and  phages  on the one hand  a nd  
the occurrence of lyric versus inh ib i t ion  react ions of bacter ia  to phages  on the other 
hand.  

To answer  this quest ion we refer to cluster  1 which is the best  suited group of related 
bacter ia  since it combines  not only the largest  n u m b e r  of strains but  also about  equal  
numbers  of "eastern" and  "western" bacter ia  derived from 36 out of 48 water  samples 
collected be tween  the European  con t inen ta l  shelf and  the Sargasso Sea. In 109 bacter ia l  
strains, excluding in t rasample  bacter ia l  and  phage  doublets,  sensit ivi ty to any  of the 80 
bacter iophage strains was observed 568 t imes compris ing 358 tytic and  210 inh ib i t ion  
reactions. Porty-three "western"  bacter ia  reacted to "western" ("eastern") phages  172 
(5} t imes by lyric response and  27 (16) t imes by  inhibi t ion.  In  sharp contrast to this, in  66 
"'eastern" bacter ia  the react ion to "eas tern"  ("western"} bacter iophage strains was  
characterized 145 (36) t imes by lysis and  109 (58) t imes by inhibi t ion.  

These figures clearly show that lysis occurred more often among "western" phage-  
host systems than  among  "eastern" ones (86.4 % versus 57.1%) whi le  inh ib i t ion  was 
observed much more often in "eastern" in  "western" systems (42.9 % versus 13.6 %). 
With phage-host  systems one part  of which  is of eastern and  the other of wes tern  or igin 
("east-west" systems} inh ib i t ion  was found more often (74 times} than  ]¥sis (41 times). 

As discussed by Moebus & Nat tkemper  (1981), these differences be tween  "eastern"  
and  "western" phage-host  systems may  be due to genet ic  changes  occurr ing whi le  the 
bacter ia  and  phages  are t ransported from west  to east. The present  information, there-  
fore, was used to detect, if possible, correlations be tween  the type of react ion of bacter ia  
to phages  and  the distance b e t w e e n  the geographic  origins of both parts of the phage-  
host systems. 

FigLrre 3 depicts the numbers  of lyric responses (white columns) and  inh ib i t ion  
reactions (black columns) in  relat ion to the shortest distance be tween  stations as 
observed with bacteria  and  phages  of cluster 1. For the compilat ion of data only one of 
several phage-host  systems der ived from the same station(s} was taken  into considera-  
tion. For example,  if phages  A and  B of Station 1 both ]yse bacter ia  k of Station 9, and  if 
phage  B of Station 1 lyses bacter ia  o and  p of Station 11 as well  as bacter ia  q and  r of 
Station 12 but  inhibi ts  bacter ia  s of the latter station, only the combinat ions  A-k ,  B-o, 
B-q  (for lysis} and  B--s (for inhibition} were  used. However, if phage  C of Station 2 lyses 
bacter ia  q of Station 12 and  phage  O of Station 12 lyses bacter ia  c of Station 2, both  
combinat ions  (C-q and  Q-c} were counted. In this way, the bias resul t ing from differ- 
ences in  the numbers  of phage-host  systems, both parts of which were derived from the 
same sample(s), was avoided. 
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T h e  shor tes t  d i s t a n c e  b e t w e e n  s ta t ions  w a s  c a l c u l a t e d  a n d  c o m b i n e d  in  d i s t a n c e  
c lasses  of 100 n a u t i c a l  m i l e s  e a c h  (0, 1 to 100, 101 to 200 n. m., a n d  so on). T h e  n u m b e r s  

of pa i r s  of s ta t ions  b e l o n g i n g  to t h e  v a r i o u s  d i s t a n c e  c lasses  a r e  i n d i c a t e d  by  dots  

(Fig. 3), 
The findings obtained wi th  phage-host systems, both parts of which were isolated 

either from the same region (east or west of the Azores, respectively) or from both 
regions, are shown separately in Figure 3. In "eastern" systems, roughly equal numbers 
of lyric  a n d  i n h i b i t i o n  r e a c t i o n s  w e r e  f o u n d  for s ta t ions  f a l l i ng  w i t h i n  t h e  s a m e  d i s t a n c e  

class,  e m p h a s i z i n g  t h e  c o m m o n n e s s  of i n h i b i t i o n  r e s p o n s e s  a m o n g  " e a s t e r n "  p h a g e -  

hos t  sys tems.  In s tark  con t ras t  to this,  in  " w e s t e r n "  sys tems,  an  i n c r e a s e  in  t he  n u m b e r  of 

i n h i b i t i o n  r eac t i ons  r e l a t i v e  to lyr ic  r e s p o n s e s  w a s  o b s e r v e d  w i t h  i n c r e a s i n g  d i s t ance  

b e t w e e n  stat ions.  A m o n g  " e a s t - w e s t "  p h a g e - h o s t  sys tems,  i n h i b i t i o n  r e s p o n s e s  o c c u r r e d  
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Fig. 3. Frequencies of lyric (white columns) and inhibition responses (black columns) of bacteria to 
phages in relation to shortest distance be tween stations where bacteria and phages are derived 
(cluster 1). "East-west" systems: Findings obtained with systems combining "western" phages with 
"eastern" bacteria (a) and "eastern" phages with "western" bacteria (b) are shown separately. Dots: 

number of pairs of stations belonging to distance classes. For further information see text 
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more often (41 times) than  lytic ones (17 times), however, the f requency of both react ion 
types is not correlated wi th  the distance be tween  stations but  with the n u m b e r  of pairs of 
stations be long ing  to the same distance class. 

As stated above, cluster 2 differs h'om cluster I (Figs 2 and  1, respectively) in  several  
aspects, It combines only 394 phage-host  systems ( intrasample doublets  of bacter ia  
excluded)~ merely 28 of them y ie ld ing  inhib i t ion  reactions. Of the 394 systems, 333 are 
"western" ones inc lud ing  23 systems of the inhibi t ion  type. In 13 "eastern" systems, only 
lyric responses were found. Among  28 "east-west" phage-host  systems, inh ib i t ion  was 
observed with 5 systems combin ing  "eastern" phages  with "western" bacteria.  
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Fig. 4. Frequencies of lyric (white columns) and inhibition responses (black columns) of bacteria to 
phages in relation to shortest distance between stations where bacteria and phages were derived 

(cluster 2). Other information as for Figure 3 

Figure 4 presents the numbers  of lytic and  inhib i t ion  responses in  re la t ion to the 
dis tance be tween  stations where  the bacter ia l  and  bacter iophage strains inc luded  in  
cluster 2 were derived. The data were calculated as descr ibed above. As found with 
cluster 1, in  "western" systems of cluster 2 the n u m b e r  of inh ib i t ion  reactions in  re la t ion  
to that of lytic responses tends  to increase with the distance be tween  stations. 

All the observations of inhib i t ion  of bacter ia  by  phages  referred to above were made  
with incubat ions  at 25 °C. Pre l iminary tests showed that ins tead of inhibi t ion,  as found at 
25 °C, p laque  formation may occur at reduced temperatures.  Therefore, 269 out of the 
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Table 1. Types of reaction among 269 phage-host systems (A-series) characterized by ii~hibition at 
25 °C, as observed with spot-test plates incubated at 15 ° and 5 °C, respectively 

Type of reaction No. of phage-host 
systems 

Inhibition at 15 ° and 5°C 
Inhibition at 15 °C, no Iawn formed at 5 °C 
Inhibition at 15 °C, no reaction at 5 °C 
No reaction at 15 ° and 5°C 

Plaque formation at 5°C, inhibition at 15 °C 
Plaque formation at 15 °C, inhibition at 5 °C 
Plaque formation at 15 °C, no reaction at 5 °C 
Plaque formation at 15 ° and 5 °C 

about the same at both temperatures 
more plaques at 5 ° than at 15°C 
more plaqnes at 15 ° than at 5 °C 

197 
16 

1 
1 

6 
7 
1 

23 
1.2 
5 

358 phage-hos t  systems character ized by inhibi t ion at 25 °C (see above) were  also tested 

at 5 ° and 15 °C. The results are compi led  in Table  1. 
In 54 of the  269 phage-hos t  systems tes ted  at the 3 temperatures ,  p l aque  formation 

was  observed  at 5 ° and/or  15 °C. It must  be  emphas ized ,  however ,  that  the abi l i ty of 

p h a g e  strains to cause p l aque  format ion at these tempera tures  wi th  any of the tes ted 
bac ter ia  var ied  great ly  as compared  wi th  their  p l aqu ing  eff ic iency observed  v~th the 

respec t ive  or iginal  host at 25 °C, the lat ter  be ing  100 %. In some cases, the p l aqu ing  

eff ic iency was  about  100 %, but  in most  systems it was r educed  to b e t w e e n  about  0.1 and 

1 % ,  and in others, p laques  were  formed only after appl ica t ion  of undi lu ted  lysate (i. e. 
p l aqu ing  eff ic iency b e t w e e n  10 .5 and  10-7). If p laques  were  formed at 5 ° and 15 °C, they 

genera l ly  were  larger  in plates  incuba ted  at the lower  temperature .  
Spot tests, as useful  as they  are, can provide  rough information only. More re l iable  

results are ob ta ined  w h e n  double  layer  pla tes  are poured  with  several  dilutions of the 

phage  lysates in ques t ion  and incuba ted  at various temperatures .  Therefore,  a group of 6 
bacter ia l  and 10 bac te r iophage  strains (see Table  2) was se lec ted  from cluster 1 for a 

more de ta i led  invest igat ion.  A m o n g  these  60 phage-hos t  systems, various types of 

react ion (i. e. p l aque  formation or inhibi t ion,  depend ing  on incubat ion  temperature ,  or 

no react ion at all) were  known to occur from p receed ing  spot tests. 
At first, spot tests were  per formed wi th  fresh lysates or ig inat ing from single  p laques  

to check  former results. In general ,  very  good conformity b e t w e e n  n e w  and old observa-  

tions was found at the 3 tempera tures  men t ioned  above.  Later on, with the various 

sensi t ive bacter ia l  strains and severa l  di lut ions of the p h a g e  lysates double - layer  pla tes  

were  poured  and incuba ted  as s ta ted before.  From plates  incuba ted  at 15 ° and 25 °C, 

respect ive]y,  represen ta t ive  p laques  w e r e  isolated and e lu ted  in 1 ml of sterile seawater  
each  at the respec t ive  tempera ture .  The  e luates  then  were  ser ial ly  d i lu ted  and spot 

tested on lawns of bac ter ia  sensi t ive to the phage  strain in ques t ion and the plates  

incuba ted  at the 3 temperatures .  
Table  2 presents  p l aqu ing  eff ic iencies  as ca lcula ted  from the nurnber of p laques  

found in each  of the phage-hos t  systems at the 3 temperatures ,  the va lue  1 represen t ing  
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T a b l e  2. P l a q u i n g  e f f i c i enc i e s  of s e l e c t e d  p h a g e - h o s t  sy s t ems  as  o b s e r v e d  w i t h  d o u b l e - l a y e r  p l a t e s  
i n c u b a t e d  at  25 °, 15 °, a n d  5 °C, r e spec t i ve ly ,  Symbols :  - no  reac t ion ,  I = i nh ib i t i on ,  (I} = i n h i b i t i o n  

o b s e r v e d  w i t h  spo t - t e s t  p la tes ,  M = i n i c r o p l a q u e s  

P h a g e  Tes t ed  Bac te r i a l  s t r a ins  
s t r a i n  a t  °C A45 A56 A63 A106 A159 A162 

25 0.75 6 ×  10 -3 0.50 - - 8 x 10 -5 
A 45 / I  15 1 0,65 ] - - 3 × 10 -5 

5 0.17 0.06 0.50 - - I 

2 5  0 . 3 0  o.14 . . . .  (1) 
A 45/2 15 1 0.34 0.01 - - I 

5 0.64 0 .1 t  5 × 1 0  -3 - - I 

25 0.17 t ] I I I 
A 45/3  15 1 0.01 10 -3 ] 0.39 I 

5 0.80 0.03 6 × 10 .6 I 0.30 I 

25 0.50 0.50 4 X 10 -5 - - - (I) 
A 56/1 15 1 0.50 7 X 10 -3 - - - (I) 

5 1 0.18 3 x 1 0  -5 - - I 

25 0.17 0.39 3 × 1 0 - 6  - - I 
A 56 /1 -1  15 0.60 t 3 ×  10 -6 - - I 

5 0.31 0.39 5 × i 0  -7 - - I 

25 0.96 5 × 10 -6 0.66 - - 0.06 
A 63/1 15 0.96 1 0.81 - - 0.17 

5 0.30 0.35 0.66 - - 2 x 10 -5 

25 10-6 5 X 10 -7 0.20 I I t 
A 63/2 15 I, M? 0.67 1 I 0.44 2 x 1 0  -5 

5 2 × 10 -6 0.31 0.65 I 0.44 10 -s 

25 - - 4 × 10-6 0.42 0.34 - 
A106/1 15 - 10 -4 5 x 10-6 0,17 1 - 

5 - 10 -6 3 x 10-6 I, M 0,61 - 

25 - (I) 0,39 0.43 2 X 10-6 0.56 6 x 10 -5 
A 1 5 9 / I  15 - (I) 0.35 0.98 I 1 2 x 10 -4 

5 I 0.12 0.71 t 0.70 0.04 

25 - (I) 2 × 10 -5 0.23 I I 0.76 
A162/1 15 I 0.33 0.59 I I 1 

5 I 0.17 0.44 I 5 X 10 -4 0.40 

t h e  h i g h e s t  p l a q u e  c o u n t  o b s e r v e d .  A s  c a n  b e  s e e n ,  i n c u b a t i o n  a t  15 ° C  y i e l d e d  t h e  

h i g h e s t  p l a q u e  n u m b e r  w i t h  a l t  10 p h a g e s ,  t h o u g h  n o t  a l w a y s  w i t h  t h e  p h a g e s "  o r i g i n a l  

h o s t s ,  T h e  e f f e c t  of t e m p e r a t u r e  c a u s e s  l i t t l e  s u r p r i s e  s i n c e  t h e s e  p h a g e - h o s t  s y s t e m s  

w e r e  i s o l a t e d  f r o m  A t l a n t i c  O c e a n  w a t e r  t h e  t e m p e r a t u r e  of  w h i c h  r a n g e d  f r o m  8 ° to  

16 °C  ( M o e b u s ,  1980) ,  I t  i s ,  h o w e v e r ,  s u r p r i s i n g  to  f i n d  r e s u l t s  s u c h  a s  t h o s e  w i t h  p h a g e  

s t r a i n s  A 6 3 / 1  a n d  A 1 0 6 / 1 .  

P h a g e  A 6 3 / 1  y i e l d e d  t h e  h i g h e s t  p l a q u e  c o u n t  w i t h  t h e  m a r i n e  b a c t e r i a l  (MB)  s t r a i n  

A 5 6  a t  15 °C:  1.9 × 109 P F U  m l  -I .  T h e  p l a q u e  d i a m e t e r  w a s  a b o u t  1.5 r a m .  W i t h  t h e  s a m e  

h o s t  t h e  p l a q u i n g  e f f i c i e n c y  a t  25  °C  w a s  o n l y  5 x 10 -8 a n d  t h e  p l a q u e  s i z e  a b o u t  1 m m  

i n  d i a m e t e r .  A s  r e v e a l e d  b y  s u b s e q u e n t  s p o t  t e s t s  of  s i n g l e  p l a q u e  e l u a t e s ,  p h a g e  A 6 3 / 1  
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p laques  grown with MB A56 at 15 ° or 25 °C always y ie lded  much less progeny phages  
than  could be expected according to p laque  size, irrespective of growth condit ions (MBs 
A45, A56, A63, and  A106 as hosts at the 3 temperatures),  Elnates  of p laques  grown with 
MB A56 at 15 °C even  y ie lded  no p laques  at all with this host at 25 °C. 

In contrast, with its original  host (MB A63) phage  A63/1 produced a similar  n u m b e r  
of p laques  (be tween 1.2 × 109 and  1.5 × 109 PFU ml '1) at the 3 temperatures.  The size of 
these p laques  was about  3 mm (25 °C), 4 mm (15 °C), and  2 to 7 m m  (5 °C) in  diameter.  
Very large number s  of p rogeny  phages  were e lu ted  from plaques  grown at 15 ° and  25 °C, 
their  p l aqu ing  efficiencies compar ing  favourably with those observed for the A63/1 
Iysate unde r  the various growth conditions.  With A63/1 p laques  grown with MB A45, 
rather similar  observat ions were made.  

The other a forement ioned bac ter iophage  strain y ie ld ing  surpr is ing results is A106/ 
1. With this phage  the highest  p laque  n u m b e r  was found with MB A159 at 15 °C: 6 × 108 
PPU mP 1, the p laque  diameter  be ing  about  0.3 mm. From these p laques  no progeny 
phages  at all were detected with eluates  spotted on lawns  of MBs A63, A106, and A159 
and  incuba ted  at the 3 temperatures,  whereas  the even  smaller  p laques  (0.2 mm ~) 
grown with MB A159 at 25 °C y ie lded  reasonable  number s  of p rogeny  PFU with MB 
A 159 at all 3 temperatures  but  with MBs A63 and A106 at 25 °C only. 

When  phage  A106/1 is grown with its original  host (MB A106) it produces p laques  of 
about  1 m m  in  d iameter  at 25 °C but  much smaller  ones (less than  0.2 m m  ~) at a slightly 
reduced rate at 15 °C. The latter p laques  y ie lded  no progeny phages  irrespective of 
growth conditions,  as observed with A106/1 p laques  grown with MB A159 at 15 °C. With 
progeny  phages  from p laques  grown at 25 °C, spot tested on lawns  of MBs A63, A106, 
and  A159, observat ions were made  which perfectly correspond with the f indings 
ob ta ined  by t i trat ion of phage  A106/1 lysate with the same bacter ia l  hosts. 

Similar  observat ions were made  with p laque  eluates  produced for other phage-hos t  
systems. Provided that  the p l aqu ing  efficiency of a phage  strain with one of its hosts at a 
specific tempera ture  was not greatly reduced and  the p laque  size similar  to that 
occurring with its or iginal  host at 25 °C, the results found with p laque  eluates  genera l ly  
corresponded fairly wel l  with the observations made  after t i tration of the respective 
phage ' s  lysate with the various host bacteria  at the 3 temperatures.  Otherwise one was 
l ikely to find only a few or no progeny PFU at all even  with. p laques  of considerable  size 
(0.5 to 1.5 mm ~). 

Attempts to produce stable phage  populat ions  from plaques  y ie ld ing  only few 
progeny  phages  were always unsuccessful .  In the course of 2 to 3 successive cycles of 
phage  propagat ion  the n u m b e r  of p rogeny  phages  per  p laque  genera l ly  decreased, often 
to nil. 

In some cases the results ob ta ined  with spot tested eluates of p laques  grown at 15 ° 
and  25 °C poin ted  to the possibi l i ty that tempera ture  de pe nde n t  mutan t s  of the respec- 
t ive phage  strain were selected. Exper iments  performed with phage  A45/1 propagated 
with MB A162 lead to the isolation of two such mutan ts  which show little difference in  
p l aqu ing  efficiency with MBs A45 and  A162 at 15 °C. At 25 °C these mutan ts  with both 
hosts produce much less and  much  smaller  p laques  (about 0.5 mm ~) from which no or 
neg l ig ib le  number s  of p rogeny  phages  were found. One  of the mutants  readi ly produces 
new mutants  which  efficiently form p laques  with MB A162 at 15 ° as well  as at 25 °C. 
They are easily d is t inguished by p laque  size which, after incuba t ion  at 15 °C, is 4 to 
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5 m m  i n s t e a d  of a b o u t  2 m m  in  d i a m e t e r  for t he  p a r e n t a l  m u t a n t s  w h i c h  r e p r o d u c e  o n l y  

at  this  t e m p e r a t u r e .  
As r e p o r t e d  by  M o e b u s  & N a t t k e m p e r  (1981, Fig.  4), 47 b a c t e r i a l  s t ra ins  d e r i v e d  

f rom At l an t i c  w a t e r  s a m p l e s  w e r e  f o u n d  to be  sens i t i ve  to 11 p h a g e  s t ra ins  i s o l a t e d  f rom 

the  Nor th  S e a  (H-ser ies)  b e t w e e n  1976 a n d  1978. T h e s e  o b s e r v a t i o n s  a re  of s p e c i a l  

i n t e r e s t  ir~ so far  as  t he  resu l t s  of M o e b u s  & N a t t k e m p e r  (1981) i n d i c a t e d  c o n s i d e r a b l e  
v a r i a t i o n  in  p h a g e  sens i t i v i t y  pa t t e rn s  e v e n  a m o n g  b a c t e r i a  w h i c h  w e r e  i s o l a t e d  f rom 

At l an t i c  w a t e r  s a m p l e s  c o l l e c t e d  at  a d j a c e n t  s ta t ions  (about  200 n a u t i c a l  m i l e s  apart) .  

The re fo re ,  t he  o b s e r v e d  sens i t iv i ty  of A- se r i e s  b a c t e r i a  to p h a g e s  i s o l a t e d  f rom the  Nor th  

Sea  was  surpr i s ing ,  al l  t he  m o r e  so as 36 of the  47 s e n s i t i v e  A - s e r i e s  b a c t e r i a  w e r e  
c o l l e c t e d  w e s t  of t he  Azores .  In mos t  cases,  s ens i t iv i ty  w a s  i n d i c a t e d  by  t u rb id  spots  

p o i n t i n g  to t h e  poss ib i l i t y  t ha t  i n h i b i t i o n  w a s  t h e  p r e v a l e n t  t y p e  of r e a c t i o n  b e t w e e n  H-  
se r ies  p h a g e s  and  A - s e r i e s  bac t e r i a .  

As  w i t h  p h a g e - h o s t  sys t ems  of t he  A-ser ies ,  s eve r a l  d i lu t ions  of t h e  r e s p e c t i v e  H-  
se r ies  p h a g e  lysa tes  w e r e  spot  t e s t e d  on l a w n s  of s ens i t i ve  A - s e r i e s  bac t e r i a .  T h r e e  of t he  

p h a g e  s t ra ins  u s e d  by  M o e b u s  & N a t t k e m p e r  (1981) cou ld  no t  b e  e m p l o y e d  s ince  e i t h e r  
t he  p h a g e  (H30/2) or  t h e  hos ts  (MBs A21 a n d  A417 for p h a g e s  H 3 2 / 1  a n d  H44/4 ,  

r e s pec t i ve ly )  h a d  b e e n  los t  in  t h e  m e a n t i m e .  H o w e v e r ,  7 A - s e r i e s  b a c t e r i a  no t  i n c l u d e d  

in  t he  p r e s e n t a t i o n  by  M o e b u s  & N a t t k e m p e r  (1981) w e r e  u s e d  d u r i n g  this  r e ~ e x a m i n a -  

t ion.  In  sum, 87 H - p h a g e - A - h o s t  sys tems  w e r e  spot  t e s t ed  at 5 °, 15 °, a n d  25 °C. T w e n t y -  
t h r ee  of t he  87 sys tems  w e r e  a lso  t e s t e d  in  l i q u i d  cu l tu re  at 15 ° a n d  25 °C. 

L i q u i d  cu l tu re  w a s  e m p l o y e d  w h e n  spot  tes ts  y i e l d e d  a m b i g u o u s  r e su l t s  as, for 
e x a m p l e ,  t h e  d e v e l o p m e n t  of m i c r o p l a q u e s  ( d i a m e t e r  0.1 m m  or less).  SWB/5  w a s  
i n o c u l a t e d  w i t h  f resh ly  g r o w n  cel ls  of t h e  A- se r i e s  b a c t e r i a  to an  in i t i a l  t i te r  of a b o u t  

2 × 106 C F U  m1-1 a n d  w i t h  a b o u t  105 PFU m1-1 of t he  r e s p e c t i v e  H - s e r i e s  p h a g e .  Before  

i n c u b a t i o n  for 24 hours  at 1 r p m  and  15 ° a n d  25 °C, r e s p e c t i v e l y ,  t h e  in i t i a l  PFU t i ter  w a s  
d e t e r m i n e d  by  t i t ra t ion  w i t h  t h e  o r i g i n a l  H - s e r i e s  hosts  of t he  p h a g e s  in  ques t ion .  Af te r  

i ncuba t ion ,  t he  cu l tu re s  w e r e  c e n t r i f u g e d  to r e m o v e  b a c t e r i a  a n d  t h e  s u p e r n a t a n t s  

Table 3. Types of reaction among 87 A-series bacteria to H-series bacterio-phages as revealed by 
spot-test plates incubated at 25 °, 15 °, and 5 °C, respectively, and by liquid culture at 25 ° and 15 °C, 

respectively (combined results) 

Type of reaction No. of phage-host 
systems 

Inhibition at all temperatures 
Inhibition at 25 ° and 15~C, no reaction at 5~C 
Inhibition at 25 ° and 15 °C, no lawn formed at 5 °C 

Plaque formation and/or phage propagation in liquid culture 
at 25 °C only, inhibition at 15 ° and 5 °C 
at 25 °C only, no reaction at 15 ° and 5 °C 
at 25 ° and 15 °C, inhibition at 5 °C 
at 25 ° and 15°C, no lawn formed at 5°C 
at 25 ° and 15°C, no reaction at 5°C 
at all temperatures 

32 
2 
2 

1 
2 

12 
3 
6 

27 
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t i trated as men t ioned  before.  By this method,  with 8 of the 23 phage-hos t  systems tested 

in l iquid  culture,  p h a g e  propaga t ion  could  be  demons t ra ted  to occur at I5 ° and/or  25 °C. 

The  combined  results of exper iments  per formed wi th  H-phage-A-hos t  systems are 

p resen ted  in Tab le  3. In a cons iderable  port ion of these  systems inhibi t ion  was observed.  
However ,  more  impor tant  is the fact that  in 51 (=  59 %) of the 87 systems inves t iga ted  

p l aque  formation in spot-test  p la tes  and/or  phage  propaga t ion  in l iqu id  cul ture was 

found with, at least, one  of the t empera tu re  reg imes  employed.  In most cases, the 

observed  p l aques  w e r e  small  (up to 0.5 m m  ~) or t iny (0.1 to 0.2 mm ~). However ,  it must  

be  po in ted  out that  the respec t ive  phages  produce  re la t ive ly  small  p l aques  (0.6 to 
0.8 m m  ~) wi th  their  or iginal  H-ser ies  hosts, too. 

Similar  exper iments  were  per formed with p h a g e  strain B14/2 (isolated 1978 from a 

Bay of Biscay wate r  sample) and 23 strains of A-ser ies  bacter ia  (see Moebus  & Natt-  

kemper ,  1981, Fig. 4). Only  5 of these phage-hos t  systems are character ized by inhibi-  

tion. In the other 18 systems p h a g e  p ropaga t ion  was observed,  at least, at one of the 3 
incubat ion  temperatures .  

Final ly  the results ob ta ined  with  a group of 9 A-ser ies  bacter ia  (cluster 14) which  are 

conspicuously  different from the other phage  sensi t ive A-ser ies  strains (Moebus & Natt- 

kemper ,  1983) shall  be presented.  Five of these strains (A185, A335, A400, A432, and 
A929) grow profusely  in SWB at 37 °C, forming la rge  f lakes under  this and other 
conditions. This observat ion casts doubt  on the mar ine  nature of these strains. On the 

other hand,  however ,  close re la t ionship  among  the 9 strains is indica ted  by their  

Table 4. Cluster 14: Sensitivity of bacteria to, and lysogenization by, 7 bacteriophage strains. 
Symbols: O = plaque formation with highly diluted lysate, P = plaque formation with undiluted or 
weakly diluted lysate, I = inhibition, + = lysogenization observed, -- = lysogenization not 

observed, ? = lysogenization uncertain, nt = not tested 

Phage strain Bacterial strain 
A185 A335 A398 A400 A432 A897 A929 A1212 A1409 

A185/1 O/+  . . . . . . . .  
A398/1 P/-- Pl+ Of+ Pt+ OI-- P/-- Pt+ P/-- I 
A398/1-1 P/-- P/+ O/+  P/+ O/-- P/-- P/+ P/-- I 
A400/1 P/-- O/+  P/+ O/+  P / -  P/+ P/+ P/-- -- 
A400/I-1 P/-- O/+ O/+ O/+ O/q- O/-- P/+ P/+ I 
A400/2 -- O/+ O/+  O/+  O/+ P/+ P/+ P/+ I 
A432/I W-- P/+ P/? W+ O/+  P/nt -- W+ -- 

sensit ivi ty pat terns  to 7 phages  which  all are t empera te  ones. As can be  seen  from Table  
4, e ight  of the bacter ia l  strains (which are "wes te rn"  ones) could be  Iysogenized  by at 

least  one of the phage  strains. In contrast, the one "eas te rn"  strain (A1409) is inh ib i ted  by 
4 phage  strains. 

Exper iments  in l iqu id  culture were  per formed with  se lec ted  phage-hos t  systems to 

inves t iga te  phage  p ropaga t ion  under  various growth conditions. The  med ia  used  dif- 

fered in the salt contents  (7.5 % NaC1, 5 %0 sea salts, SWB) or in the organic  nutr ient  
concentra t ion (SWB/5). Incubat ion as still culture was at 20 °, 25 °, or 37 °C. Initial PFU 
titers were  about  10 s m1-1. I r respect ive of the phage-hos t  system tes ted the phage  titer 
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Table 5. Cluster  14: Growth of bacteria and  propagat ion of bac ter iophages  related to growth 
conditions. Symbols for bacterial  growth: n = no, w = weak, m = moderate,  p = profuse growth, P 
= flake formation. Symbols for p h a g e  propagation:  -- = decrease  in PFU titer, 0 = no change,  + = 
s l ight  increase  in PPU tilter, + = increase to 10 ~ PPU m F  1, + + = increase to 10 s PFU ml -~, + + + = 
increase to 109 PPU m1-1, + + + + = increase  to 10 ~° PFU mt  -1, in termedia te  final PFU titers 
indicated by (+). Note: Growth of bacter ia  and  p h a g e  propagat ion were de te rmined  in separate  

cultures. PPU were de te rmined  on original host  of p h a g e  strain 

Phage Bacterial Growth condition 
strain strain 7.5 % NaC1 5 %. Sea salts SWB SWB SWB/5 

20 °C 20 °C 20 °C 37 °C 25 °C 

A185/1 A 185 m ± p + + + +  pF + + + +  pP + + + +  p + + + ( + )  

A398/1 A 398 w 0 w + p + + + ( + )  0 -- p + + ( + )  
A 432 mF 0 mF + pP +(+)  pF + ( + )  p + ( + )  

A398/1-1 A 398 w 0 w + p + + ( + )  O -- p + + ( + )  
A 432 mF 0 mF + pF +(+)  pP + ( + )  p + ( + )  

A 335 m +(+)  p + +  pF + + +  pP + + + +  p + + + ( + )  
A400/1 A 400 mF + pF + pF + +  pF + + + +  p + + +  

A 335 m + +  p + +  pF + + +  pF + + + +  p + + + ( + )  
A400/1-1 A 400 mP + + +  pF + + +  pF + + + +  pP + + + +  p + + + +  

A 335 m + ( + )  p + ( + )  pF + + ( + )  pF + +  p + + +  
A400/2 A 398 w 0 w 0 p + 0 -- p + +  

A 400 mF + + ( + )  pP + +  pF + + +  pP + + ( + )  p + + +  

A 335 m + +  p 0 pF + +  pF + + +  p + + ( + )  

A432/1 A 398 w + w + p + + + 0 -- p + + + 
A 432 m.P + mF + + + ( + )  pF + + + +  pF -- p + + + ( + )  
A1212 0 --+ m + p + + 0 -- p + + 

w a s  a l w a y s  d e t e r m i n e d  w i t h  t h e  o r i g i n a l  h o s t  of t h e  r e s p e c t i v e  p h a g e .  T h e  p l a t e s  w e r e  

i n c u b a t e d  a t  t h e  s a m e  t e m p e r a t u r e  a s  t h e  l i q u i d  c u l t u r e s ,  h o w e v e r ,  w i t h  s t r a i n  A 4 3 2  

p a r a l l e l  p l a t e s  w e r e  a l so  i n c u b a t e d  a t  25 °C 'for c u l t u r e s  g r o w n  a t  37 °C. 

T h e  r e s u l t s  of t h e s e  e x p e r i m e n t s  a r e  c o m p i l e d  i n  T a b l e  5. B a c t e r i a  a b l e  to g r o w  in  

S W B  a t  37 °C g e n e r a l l y  p r o p a g a t e  p h a g e s  u n d e r  t h i s  c o n d i t i o n ,  a l t h o u g h  to v a r y i n g  

d e g r e e s .  A n  i n t e r e s t i n g  e x c e p t i o n  is  s t r a i n  A 4 3 2  w h i c h  is  u n a b l e  to p r o p a g a t e  p h a g e  

A 4 3 2 / 1  a t  37 °C in  l i q u i d  or p l a t e  c u l t u r e .  T h i s  i n a b i l i t y  d o e s  n o t  r e s t  w i t h  t h e  p h a g e  

w h i c h  is  p r o p a g a t e d  i n  S W B  a t  37 °C b y  s t r a i n  A335 .  

In  s p i t e  of t h e  u n u s u a l  t e m p e r a t u r e  t o l e r a n c e  as  w e l l  a s  of m a r k e d  d i f f e r e n c e s  i n  sa l t  

r e q u i r e m e n t s  of s o m e  of t h e  b a c t e r i a  a n d  p h a g e s ,  f r o m  t h e  f i n d i n g s  p r e s e n t e d  i n  T a b l e s  4 

a n d  5 it  is  c o n c l u d e d  t h a t  a l l  p h a g e - h o s t  s y s t e m s  c o m b i n e d  i n  c l u s t e r  14 a re  m a r i n e  o n e s .  

DISCUSSION 

T h e  m a i n  o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  w a s  to e n a b l e  co r r ec t  i n t e r p r e t a t i o n  of 

f o r m e r l y  o b s e r v e d  s e n s i t i v i t y  of b a c t e r i a  to b a c t e r i o p h a g e s  i s o l a t e d  f r o m  m a r i n e  w a t e r s  

( M o e b u s  & N a t t k e m p e r ,  1981) i n  t e r m s  of t w o  p o s s i b l e  t y p e s  of r e a c t i o n : ,  p r o p a g a t i o n  of 

p h a g e s  b y  b a c t e r i a  or i n h i b i t i o n  of b a c t e r i a  b y  p h a g e  ]ysa t e s .  A s  r e v e a l e d  b y  s p o t  t e s t i n g  
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of serially diluted lysates, the inhibition reaction is encountered in many phage-host  
systems of marine origin. According to the results of Moebus & Nattkemper (1981) its 
strain specificity is as distinct as that of the lyric response to infection by bacteriophages.  
Therefore, inhibit ion and lyric reactions are assumed to be equal ly well suited to 
conclude on relationships be tween bacteria. This view is supported by the present 
findings with phage-host  systems characterized by inhibition or lytic response depend- 
ing on the incubation temperature.  

Crude phage lysates as used in this investigation besides infective phage particles 
may contain defective ones as well  as bacteriocins which also inhibit  (kill) sensitive 
bacteria (Reeves, 1972). Therefore, from the present findings it cannot be concluded 
which type of agent(s) inhibi ted the bacteria. In prel iminary experiments performed in 
l iquid culture (at 25 °C) with several phage-host  systems known to yield the inhibition 
reaction at 5 °, 15 °, and 25 °C, it was always found that infective phage  particles adsorbed 
to the bacterial  cells tested. After 30 rain the proportion of phage particles: cells which 
lost their ability to form plaques (on lawns of the phages '  original hosts) and colonies, 
respectively, approximated a value close to the proportion of PFU : CFU adjusted at the 
beginning of the experiment  (Moebus, unpubl ished data). From these observations one 
can, at least, conclude that infective phage particles were not a priori excluded from the 
processes causing cell inhibition. Inhibition by infective phage  was demonstrated by 
Maiti (1978) who used purified lysates. 

Maiti  (1978) reported investigations with phage ffP 149 which is propagated  in Vibrio 

cholerae (classical) strain OGAWA 154 but kills V. cholerae .(El Tor) strain MAK 757 
without phage propagation. The 32P-labelled DNA of the phage was transferred into 
cells of both bacterial  strains, however, in E1 Tot strain 757 infection resulted in an 
immediate reduction of metabolism whereas in strain OGAWA 154 metabolism 
decreased only after about 30 min, i. e. at the end of the phage 's  latent period. From his 
results, Maiti  (1978) concluded that the inactivation of E1 Tor strain 757 by phage  ~ 149 
is due to damage of the cytoplasmic membrane which could not be repaired since the 
information of the phage  DNA remained unexpressed. 

Breakdown of the permeabi l i ty  barrier  was also found with other bacteria which are 
ki l led by adsorbed phages without propagat ing them (Fields, 1969; see also Reeves, 
1972; p, 79), and similar effects on the cell membrane are suggested in  regard to the 
lethal affect of phage ghosts (Duckworth, 1970; Winkler & Duckworth, 1971). 

As for the present  findings no information is avai lable regarding the mechanism(s) 
causing cell inactivation. The same relates to plaques produced under certain tempera-  
ture regimes which y ie lded  no or only few progeny phages. 

According to the findings of this investigation the importance of lysogenization of 
bacteria by temperate phages was second to inhibition in causing the turbid spots 
observed by Moebus & Nattkemper  (1981) in phage-host  cross-reaction tests. Twenty- 
nine phage strains were identif ied as temperate ones which established lysogeny in 54 
phage-host  systems comprising 33 different bacterial  strains. From the observation of 
homogeneously turbid plaques resembling those found with the original (lysogenizable) 
hosts of the temperate phages  it is concluded that addit ional  55 phage-host  systems 
produce turbid spots due to lysogenization of the bacteria. 

Moebus & Nattkemper  (1981) also observed turbid spots seemingly caused by 
numerous tiny plaques. The present investigation revealed that such turbid spots 
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occurred wi th  phage -hos t  sys tems ma in ly  charac te r i zed  by  the inh ib i t ion  react ion.  The  
n u m b e r  of t iny p l aques  (d iamete r  0.2 mm or less) dec rea sed  r ap id ly  wi th  inc reas ing  
d i lu t ion  of the  lysa te  in  ques t ion  r each ing  ni l  when  no inh ib i t ion  was  de t e c t a b l e  wi th in  
the  test  area.  With  some of such phage -hos t  systems p h a g e  p r o p a g a t i o n  was  obse rved  in 
l iqu id  culture.  

Conspicuous  di f ferences  in  the  sens i t iv i ty  of bac te r i a  i so la ted  wes t  of the  Azores  to 
p h a g e s  de r ived  from s a m p l e s  co l lec ted  eas t  of these  is lands,  and  v ice  versa,  we re  
r epor ted  by  Moebus  & N a t t k e m p e r  (1981, Fig. 1). In 164 "eas te rn"  bac te r i a  sens i t iv i ty  to 
"wes te rn"  p h a g e s  was  found 148 t imes,  however ,  in  162 "wes te rn"  bac te r i a  sens i t iv i ty  to 
"eas te rn"  phages  was  obse rved  only 52 t imes.  Furthermore,  sens i t iv i ty  pa t te rns  to 
"wes te rn"  p h a g e s  we re  of ten found to be  s imi lar  among  "eas te rn"  and  "wes te rn"  
bacter ia ,  whereas  in r ega rd  to "eas te rn"  p h a g e s  such s imi lar i t ies  b e t w e e n  both  groups  of 
bac te r i a  were  almost  absent .  These  f indings  were  a s sumed  to ind ica te  gene t ic  changes  
occurr ing in bac te r ia l  and  bac t e r i ophage  popula t ions  whi le  they  are t r anspor ted  from 
west  to east. This v i ew is suppor t ed  by  some of the p resen t  results.  

Taxonomic  inves t iga t ions  of the  bac te r ia  compr i s ing  clusters  1 and  2 (Moebus  
& Nat tkemper ,  1983) demons t r a t ed  close re la t ionship  on the  genus  leve l  b e t w e e n  the 
m ember s  of each  of the  2 groups.  The  la rge  n u m b e r  of different  p h a g e  sens i t iv i ty  
pat terns ,  however ,  ind ica tes  g rea t  gene t i c  d ivers i ty  a m o n g  the  bac t e r i a  (and bac-  
t e r iophages)  c o m b i n e d  in both  clusters.  The occurrence  of inh ib i t ion  reac t ion  in s t ead  of 
lyt ic  response  of bac t e r i a  to p h a g e s  is cer ta in ly  due  to changes  in  the  gene t i c  in format ion  
of bac t e r i a  and /o r  phages .  S ince  inh ib i t ion  is eas i ly  de tec ted ,  this  type  of mutat ion(s)  is 
of spec ia l  value.  

As can b e  seen  from Figures  3 and  4, wi th  "wes te rn"  p h a g e - h o s t  sys tems it  was  
found tha t  the  re la t ive  f r equency  of inh ib i t ion  react ions,  as c o m p a r e d  wi th  tha t  of lyric 
responses ,  tends  to inc rease  wi th  the  d i s tance  b e t w e e n  the stat ions where  bo th  par ts  of 
the  systems were  der ived .  This f ind ing  is al l  the  more sugges t ive  as the  p resen ta t ions  in  
F igures  3 and  4 are b a s e d  on a smal l  number  of pha ge -hos t  systems.  The fact that  
hyd rog raph ica l  pa r ame te r s  a re  not  t aken  into cons idera t ion  in  F igures  3 and  4 is 
p r o b a b l y  less impor tan t  in  r ega rd  to "wes te rn"  systems s ince b e t w e e n  the Bermudas  and  
the Azores  oceanic  currents  f lowing nor th -eas tward  prevai l .  For these  reasons  it is 
a s s umed  that  the observat ions  m a d e  with  "wes te rn"  systems cannot  be  e x p l a i n e d  as 
b e i n g  mere  accident .  They  ra ther  ref lect  gene t i ca l  changes  in bac te r i a  and  phages ,  the  
chances  of which  occur rence  increase  wi th  the  t ime n e e d e d  to t ranspor t  the  o rgan isms  
from west  to east.  

In the  "eas te rn"  p h a g e - h o s t  sys tems of c luster  1 (Figs 1 and  3), inh ib i t ion  and  lyric 
responses  were  found to a lmos t  equa l  degrees .  This f ind ing  poin ts  to the  poss ib i l i ty  tha t  
"eastern '"  bac te r ia  and  p h a g e s  are  gene t i ca l ly  more  d iverse  than  thei r  counterpar t s  in  
the  wes t e rn  Atlant ic .  Based  on the  hypo thes i s  a s suming  muta t iona l  changes  of bac t e r i a  
and  p h a g e s  dur ing  the i r  t r anspor t  from wes t  to eas t  one migh t  be  t e m p t e d  to in te rp re t  the  
ub iqu i ty  of phage -hos t  sys tems y i e l d i n g  the  inh ib i t ion  reac t ion  b y  "accumula t ion"  of 
such systems in the  eas te rn  Atlant ic .  However ,  the  p resen t  resul ts  do not  war ran t  such  an  
in terpre ta t ion.  The  58 "eas t -wes t"  sys tems ava i l ab le  from cluster  1 p rov ide  no he lp fu l  
informat ion since most of t hem be long  to the  u p p e r  d is tance  c lasses  (Fig. 3). The same  is 
t rue in r ega rd  to cluster  2. A l a rge  n u m b e r  of " 'east-west"  systems i so la ted  from samples  
t a k e n  in  the  t rans ient  zone b e t w e e n  eas te rn  and wes te rn  At lant ic  wou ld  be  n e e d e d  to 
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i n t e r p r e t  t h e  r e m a r k a b l e  d i f f e r e n c e s  o b s e r v e d  b e t w e e n  t h e  " e a s t e r n "  a n d  " 'wes t e rn"  

p h a g e - h o s t  s y s t e m s  of c l u s t e r  1. 
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