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SUMMARY 

A gene bank of t o t a l  DNA of a marine bacterium, Alteromonas 
h a l o p l a n k t i s ,  was constructed on pBR322. Two hybr id  plasmid8 
pUS2OIO and pUS2011 car ry ing  i nse r t s  of 8.2 and 5.7 kb, 
respec t i ve l y ,  were i so la ted  tha t  complemented the proBA de le t i on  
in E. c o l i  C8H26. R e s t r i c t i o n  map of the i nse r t s  showed tha t  
b o t h  p l a s m i d s  i n  common c a r r i e d  a 5 . 7  kb f r a g m e n t .  T h i s  
r e s t r i c t i o n  f r a g m e n t  t h u s  c o n t a i n s  b o t h  t h e  genes  i n v o l v e d  i n  
p r o l i n e  b i o s y n t h e s i s  i n  A. h a l o p l a n k t i s  and c o u l d  be e x p r e s s e d  i n  
E. c o l i .  

INTRODUCTION 

Marine bacter ia  are c h a r a c t e r i s t i c  fo r  t h e i r  requirement of 
NaCl fo r  growth (MacLeod 1965; MacLeod 1968; Reiche l t  and Baumann 
1974). I n t r a c e l l u l a r  accumulation of K + of up to 0.3 M occurs in 
some m a r i n e  b a c t e r i a  when g r o w i n g  u n d e r  t h e  o s m o t i c  c o n d i % i o n s  o f  
normal seawater (Thomas and MacLeod 1974). In some species, 
several l i nes  of evidence ind ica te  tha t  ce r ta i n  amino acids l i k e  
glutamate, p ro l i ne  and gamma amino butyrate,  are accumulated in 
the cytosol in d i r e c t  response to increase in NaCl concentrat ion 
of growth medium (Makemson and Hastings 1979 :  Koujima et a l .  
t 9 7 8 ) .  T h i s  r e s p o n s e  p r e s u m a b l y  s e r v e s  t o  e s t a b l i s h  an o s m o t i c  
b a l a n c e  a c r o s s  t h e  c y t o p l a s m i c  membrane,  I t  i s  a l r e a d y  r e p o r t e d  
in the past tha t  osmotic s t ress  r esu l t s  in large increases in the 
i n t r a c e l l u l a r  level  of p ro l i ne  in a v a r i e t y  of bac ter ia  (Measures 
1 9 7 5 ) .  

T h i s  work  i s  d i r e c t e d  t o  i d e n t i f y  t h e  b i o s y n t h e t i c  genes  f o r  
s o l u t e s  w h i c h  a r e  s u s p e c t e d  t o  be a c c u m u l a t e d ,  i n  r e s p o n s e  t o  
o s m o t i c  s t r e s s  o f  NaC1, i n  m a r i n e  o r g a n i s m s ,  A t y p i c a l  m a r i n e  
b a c t e r i u m ,  A l t e r o m o n a s  h a l g ~ l a n k t i s  2 t 4  a c c u m u l a t e s  s o l u t e s  by a 
N a + - d e p e n d e n t  t r a n s p o r t  s y s t e m  ( N i v e n  and MacLeod 1 9 8 0 ) .  S i n c e  
i t  has a l r e a d y  been shown t h a t  genes  f o r  b i o s y n t h e t i c  p a t h w a y s  
fo r  var ious so lu tes  inc lud ing  genes fo r  Na§ t ranspor t  
of A. bA]o_#l~nktis 214 could be expressed in E. 99]_i (MacLeod and 
MacLeod 1986), in the present s tud ies A. ha!Qplankt]s was chosen 
to i d e n t i f y  genet ic determinants for  b iosynthes is  of p ro l i ne ,  a 
suspected osmoprotectant. 
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I n  t h i s  o a D e r  I r e D o r t  t h e  e v i d e n c e  o f  I d e n t i f y i n g  a 
f r a g m e n t  f r o m  A, h a l o p - t a n k t l s  c h r o m o s o m a l  DNA w h i c h  h a r b o r s  p r o A  
and p r o B - g e n e s  s p e c i f y i n g  two  initlal s t e p s  i n  p r o l i n e  
b i o s y n t h e t i c  p a t h w a y .  As i n  t e r r e s t r i a l  s ~ r a ~ n s  b o t h  t h e s e  g e n e s  
a p p e a r  to be c l o s e l y  a s s o c i a t e d  on t h e  genome of m a r i n e  
P a c ~ e r i u m .  

MATERIALS AND METHODS 

The marine bacterium A. hal oplankt~s 214, va r i an t  3, ATCC 
19855 was obtained from American Type Cul ture Co l l ec t i on ,  MD, and 
grown on medium suggested by Droniuk et  al (1987). E. co! i  CSH26 
~(]~c-proBA) ~hi a ra ( M i l l e r  1972) and E. Go]J ACSO th~ leu met 
b~R hsdM (Chakrabarty et  a l .  1978) were obtained from the 
U.S.EPA cu l t u re  c o l l e c t i o n  and were grown on Lur ia-Ber tan i  medium 
(Maniat is  et  a l .  1982). M63 medium (Cohen and Rickenberg 1956) 
was used to grow the auxotroph, CSH26. Chromosomal DNA of A. 
ha]~P]ankt~s was obtained by a mod i f i ca t ion  of procedure of Meade 
et  a l .  (1982) using 40 ml of the overn ight  grown cu l t u re .  
Plasmid DNA from E. Cg]J was prepared based on the methods used 
e a r l i e r  by Guerry et  al (1973). DNA manipulat ion experiments 
were car r ied  out as adapted by Sangodkar et al (1988). 

For cons t ruc t ion  of genomic l i b r a r y ,  DNA of A. ha lop !ank t is  
was p a r t i a l l y  digested wi th  Sau3AI, under c a r e f u l l y  con t ro l l ed  
cond i t ions  so as to y i e l d  fragments of approximately 5 to 20 kb 
in s ize.  The plasmid vector pBR322 was digested wi th BamHI and 
the l i nea r i zed  plasmid was then dephosphorylated with c a l f  
i n t e s t i n a l  a l k a l i n e  phosphatase. The Sau3AI fragments of A, 
b a lo~ )ank t i s  DNA (10 ~g) were mixed wi th BamHI d iges t  of pBR322 
(2 ~g) in t o t a l  volume of 25 ~ l  and T4 ] igase ( I  u n i t )  was added. 
E. co ] i  AC80 was transformed wi th  l i ga ted  DNA and the 
transformants scored fo r  a m p i c i l l i n  (Ap) res is tance as wel l  as 
fo r  s e n s i t i v i t y  to t e t r a c y c l i n e  (Tc). A gene  bank of about 
10,000 clones car ry ing  recombinant DNA was stored at  70~ in 
H o g n e s s  f r e e z i n g  med ium ( F r a n k l i n  1 9 8 5 ) .  P l a s m i d  DNA was 
prepared from the clone bank a f t e r  a m p l i f i c a t i o n .  

RESULTS AND DISCUSSION 

Plasmid preparat ion of gene bank obtained from E. c o l i  AC80 
was used to transform E. c~_l! CSH26, an auxotrophic mutant which 
grew on M63 medium only when supplemented wi th thiamine (10 
~g/ml) and p ro l i ne  (50 ~g/ml) .  Se lect ive medium was prepared by 
omi t t ing  p ro l i ne .  A m p i c i l l i n  (100 ug/ml) was included in the 
media used to se lec t  p ro to t roph ic  transformants to ensure tha t  
only those c e l l s  which contained a plasmid grew on the medium. 

A t o t a l  of 6,340 Ap- res is tan t  t ransformants conta in ing the 
hybr id plasmid, a f t e r  rep l i ca  p l a t i n g  on M63 agar supplemented 
wi th thiamine, resu l ted in 70 clones which complemented the ~_r~BA 
mutation of CSH26. Each of the transformants were examined fo r  
the presence of hybr id plasmid pBR322 by i s o l a t i n g  the plasmid 
DNA and d iges t ing  wi th H i n d I I I .  The digested preparat ions were 
run on I% agarose gel e lec t rophores is .  Two populat ions of hybr id 
plasmids were detected based on t h e i r  s izes.  The sizes of 
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I n s e r t s  !n  t h e  BamH1 s i t e  o f  ~ " ~ ' ~ >  . . . .  ~ R ~  .... w e r e  c o m p u t e d  a f t e r  
c o n s i d e r ] n q  t h e  r e s t r i c t i o n  mad o f  t h e  v e c s  Cne q r o u D  o f  Bhe 
i n v b r i d  p } a s m ] d s  c a r r i e d  an i n s e r t  o f  8 . 2  kb and was d e s i g n a t e d  as 
bUS2010 ,  w h e r e  as t h e  o t h e r ,  d e s i g n a t e d  as bUS2011 ,  h a r b o r e d  a 
s m a l l e r  ~ t~se r t  o f  5 . 7  kb .  L a r g e  s c a l e  [ ) tasm~d DNA ~ D r e p a r a t i o n s  
w e r e  made a f t e r  g r o w t h  o t  t h e  r e p r e s e n t a t i v e  c l o n e s  c a r r y i n g  
r e s p e c t i v e  h y b r l d D i a s m i d .  P u r i f i e d  P r e p a r a t i o n s  o f  e a c h  w e r e  
t h e n  u s e d  1;o t r a n s f o r m  t h e  E. c o l i  CSH26 s t r a i n .  I n  e a c h  c a s e  
t.}',e t r a n s f o r m a n t s  o f  t h e  e x p e c t e d  p r o t o t r o p h ] c  c o n d i t i o n s  
o c c u r r e d ,  e s t a b l i s h i n g  t h a t  c o m p l e m e n t a t i o n  o f  t h e  m u t a t i o n s  was 
due  t o  t h e  p r e s e n c e  o f  a p p r o p r i a t e  p l a s m ~ d  f r o m  t h e  g e n e  b a n k .  
N a c L e o d  e t  a l  ( 1 9 8 5 )  had a l r e a d y  d e s c r i b e d  t h e  p r e p a r a t i o n  o f  a 
gene  bank o f  A.  h a ] g D } a [ l k t i s  DNA and had shown t h a t  v a r i o u s  
b i o s y n t h e t ! c  g e n e s  i n  t h e  gene  bank  c o u l d  be e x p r e s s e d  i n  E. ~ . ] . i  
( M a c L e o d  and MacLeod  ! 9 8 6 ) .  The r e s u l t s  d e s c r i b e d  i n  t h i s  p a p e r  
p r e s e n ~  y e t  a n o t h e r  e v i d e n c e  t h a t  t h e  g e n e s  f r o m  m a r i n e  
b a c t e r i u m ,  A. h A ~ g P ] e t ? k t j s  can  be e x p r e s s e d  i n  E. c o l l .  

F i g u r e  1A s h o w s  t h e  f r a g m e n t s  g e n e r a t e d  by P s t I ,  P S t I  + 
H i n d l I I  and EcoRI  + H l n d l I I  d i g e s t i o n s  o f  t h e  h y b r i d  p i a s m i d s  
pUS2010 and pUS2011 ,  C o m p l e t e  r e s t r i c t i o n  maps o f  b o t h  t h e  
D l a s m i d s  w e r e  e s t a b l i s h e d ,  b a s e d  on t h e  d i g e s t i o n s  w i t h  o t h e r  
e n z y m e s  t l k e  BamHI,  P v u I ,  P y u l I ,  EcoRV,  S a l I ,  Sp@:[ and S a u 3 A I  
( F i g  1B ) .  I t  can  be n o t e d  t h a ~  b o t h  t h e  u l a s m i d s  s h a r e  a common 
r e g i o n  o f  5 . 7  ku .  P l a s m i d  pUS2010 has  an a d d i t i o n a l  2 . 5  kb 
f r a g m e n t . .  S i n c e  t h e  gene  bank  i s  c o n s t r u c t e d  on t ~ e  r e s t r i c t i o n  
s i t e s  w i t h i n  t h e  t e t r a c y c l i n e  r e s i s t a n t  gene  ~ : t e t )  i t  i s  o b v i o u s  
t o  s u g g e s t  t h a t  t h e  e x p r e s s i o n  c o u l d  be due t o  t h e  f u n c t i o n i n g  o f  
t e t . - p r o m o t e r .  H o w e v e r .  t h i s  i m p l i c a t i o n  can  be r u l e d  o u t  s i n c e  
b o : h  p t a s m l d s  pUS2010 and pUS2011 h a v e  t h e  common 5 . 7  kb p o r t i o n  
o f  t h e  i n s e r t  i n  o p p o s i t e  o r i e n t a t i o n s  ( F i g .  1 B ) .  The e x p r e s s i o n  
o f  t h e  g e n e s  o f  A. h ~ l ~ p ~ n k ~ . J , S  i n  E. co ! . ]  CSH26 t h e r e f o r e  a p p e a r  
t o  be due  t o  t h e  r e c o g n i t i o n  o f  A, h a l o p l a n k t i s  p r o m o t e r  
s e q u e n c e s  by E. c o l i  RNA p o l y m e r a s e .  F u r t h e r ,  i n  E,. c o l i  b o t h  
Ds and PE~B map c i o s e  t o  e a c h  o t h e r ,  a t  a b o u t  6 min  on t h e  
ch romosome  (Bachmann  and Low 1 9 8 0 ) .  B o t h  t h e s e  g e n e s  f r o m  E.  
C~Q~Z h a v e  been  s e q u e n c e d  and shown t o  f o r m  an o p e r o n  w i t h  t h e  
d i r e c t i o n  o f  t r a n s c r i p t i o n  f r o m  p r o B  t o  p r o A  ( D e u t c h  e t a l .  
t 9 8 4 ) .  S i m i l a r  o r d e r  o f  t r a n s c r i p t i o n  i s  a l s o  c o n f i r m e d  t o  be 
f u n c t i o n a l  i n  S a l m o n e l l a  ~]~b~m~_rium (Mahan and C s o n k a  1 9 8 3 ) .  
A l t h o u g h  t h e  o r g a n i z a t i o n  o f  t h e s e  g e n e s  i n  A l t # r o m o n a s  i s  n o t  
known a t  t h i s  p o i n t  in t i m e ,  c o m p l e m e n t a t i o n  o f  b o t h  d e l e t i o n  
m u t a t i o n s ,  PRo8 and D r  oB,  o f  E. g A ] 3  CSH26 by a f r a g m e n t  as  s m a l l  
as 5 . 7  kb s u g g e s t s  t h a t  t h e s e  g e n e s  a r e  f a i r l y  c l u s t e r e d  w i t h i n  a 
5 . 7  kb r e g i o n  on A. ha l o E ] # Q k ~ J ~  genome.  S i n c e  t h i s  f r a g m e n t  i s  
now a v a i l a b l e ,  i t  w o u l d  be o f  i n t e r e s t  t o  know w h e t h e r  t h e  
o r g a n i z a t i o n  o f  g e n e s  i s  i d e n t i c a l  t o  t h a t  o f  e n t e r o b a c t e r i a .  
The u h y l o g e n e ~ i c  s i m i l a r i t i e s  o f  A. h~J~o#_]Ank_#_~ t o  
e n t e r o b a c t e r i a  a r e  a l r e a d y  d i s c u s s e d  i n  l i t e r a t u r e  ( d e  Smedt  e t  
a ! .  1980 ;  MacLeod  e t  a l .  1 9 8 5 ) .  The u s e f u l n e s s  o f  t h i s  f r a g m e n t  
i n  o s m o p r o t e c t l o n  s t u d i e s  c o u l d  be a s s u r e d  a f t e r  u n d e r s t a n d i n g  
t h e  mode o f  e x p r e s s i o n  o f  t h e  p r o l i n e  b i o s y n t h e t i c  g e n e s .  
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Fig  I A,B.  Agarose gel e l e c t r o p h o r e s i s  o f  r e s t r i c t i o n  
endonuc lease d i g e s t s  o f  h y b r i d  p lasmids  c a r r y i n g  pro__A and prpB 
genes (A) &Aoe_ ! ,  lambda DNA d i g e s t e d  w i t h  H ~ n d l I I ;  Lanes 2 and 
.PstI  d i g e s t s  o f  p lasmids  pUS2010 and pUS2011, r e s p e c t i v e l y ;  l anes  

and 6, .PstI  + H i n d I I I  d i g e s t s  o f  pUS2010 and pUS2011; lanes 4 
and Z, E#oRI + H l n d I I I  d i g e s t s  o f  pUS2010 and pUS2011, 
r e s p e c t i v e l y ;  p, i n c o m p l e t e l y  d i g e s t e d  p lasmld band. R e s t r i c t i o n  
maps o f  pUS2010 and pUS2011 (B) .  The segment from the v e c t o r  
DBR322 i s  shown by s i n g l e  l i n e .  Hatched boxes r e p r e s e n t  the 
common f ragmen ts ,  in  both p lasm ids ,  encoding proA and proB genes. 
Arrows r e p r e s e n t  the d i r e c t i o n  o f  t r a n s c r i p t i o n .  B, BamHI; H, 
H ] . E d l I I ;  P, P s t I ;  Pv I ,  P~NI; P v I I ,  P~NI I ;  R, EcoRI; Rv, EcoRV; S, 
S ~ ! I ;  Sp, Sp# I ;  Sau, Sau3AI; t e t ,  promoter  o f  t e t r a c y c l i n e  
r e s i s t a n c e  gene; b ]a ,  ~ - l a c t a m a s e  gene. 
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