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S um m ar y .  D A8 2 .  a e o m p l ex  s t ra in  o f  Sa lm onella  tv- 
p li im urium  ch a r a c t e r i z ed  by osmot i c-sensi t i vi t y.  
sphe r ic  cell shape ,  a n d  i ncr eased  sensi t ivi ty to penici l -  
lin a nd  cycloser ine,  was  sub m i t t ed  to  genet i c  analys is .  
Os ino t ic - r e s i s tan t  t r a n sd u c t a n t s  t h a t  recover  s imul-  
t aneou s ly  n o rm a l  cell sh ap e  a n d  n o rm a l  sensit i  vity 
to  an t i b io t ic s  were  selected on  lovv os inola l i t y m é d i u m  
(N o S- A )  at  43°. C o m p l e t e  r eve r t ant s  were  no t  f o u n d ;  
hovvever.  it was  poss ib le  to  isolate  par t ia l  r ever t ant s  
d i sp lay ing  t e m p o r a r y  a r r es t  o f  cell div i si ón  in NoS-  
b ro th ,  bu t  no  cell dea th .  T ho se  par t ia l  r eve r t an t s  re- 
t a i ned  r o u n d  cell sh ap e  a n d  sensi t ivi ty to  ant i bio t ics .  
C o n j u g a t i o n  cros ses  l oca t ed  the m u t a t i o n  respons ib l e  
l'or the lack o f  g ro w th  on  N o S - A  (env-4 ) in the región  
102 108 min.  N o  co t r a n sd u c t i o n  wi th cióse m ar k e r s  
was  obse rved  in tests  med i a t e d  by phage  KB1 .  yet.  
j o i n t  t r an sd uc t i on  o f  env-4  wi th  argE , cod, a roC ,  a nd  
s t rA  was  fo u n d  em p l oy in g  ph ag e  P l .  T h e  gene  o rd e r  
is argE -cod -en v -aroC -s trA .  Thus ,  env-4  a p p e a r s  t o  be- 
l ong  to  the  Sa lm onella  locus  h o m o l o g o u s  to  E. coli  
en vB  locus.  I sogenic  s t r a i ns  c a r ry ing  env*  or  envB 4  
al íele were  p r e pa r e d  by t r a n sd u c t i o n  a n d  s t udied.  M u ­
t a t i on  envB 4  p ro d uc e s  a b n o r m a l  cell shape ,  increases  
sensi t ivi ty t o  penici l l in,  cycloser ine.  deoxycho l a t e ,  a nd  
U V  i r r a d i a t i o n ;  f u r t h e r m o re ,  it increases  cell autolys i s  
an d  mod i f i es  t he  ph en o ty p i c  r e sponse  to  several  car-  
b o h y d ra t e s  on  p H  ind i ca to r  medi a .  envB 4  t r a n s d u c ­
t an t s  sh ow  t e m p o r a r y  inh ib i t i on  o f  cell divis ión in 
N o S -b ro t h .  bu t  no  exp onen t i a l  dea th .  It is sugges t ed  
t ha t  s t ra in  D A 8 2  car r ies  a t  least  two  enve lope  m u t a -  
t i ons:  envB4,  whi ch  is s t able  an d  p l e io t rop ic ,  a n d  
an  un ident i f i ed  m u t a t i o n  wh ich ,  in the pre sence  o f  
the  envB 4  alíele,  c auses  ex ponen t i a l  cell i nac t i va t ion  
u p o n  o s m o t i c  d ow n sh o ck .

In t roduct i on

It has  been  obse rved  in g r am -ne ga t i v e  bac t e r i a  t ha t  
cell en ve lope  defect ive  m u t a n t s  f r equen t l y  d isplay  al-
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t e r a t i ons  in o the r  p roper t i e s  besides t ha t  involved in 
the i r  select ion (Nage l  de  Zwa ig  a nd  Lu r i a .  1967: Egan 
a n d  Russel l .  1973;  W i j sm an  a n d  Pafor t .  1974: Miyo - 
shi an d  Y a m a g a t a ,  1976). P l e io t rop i sm o f  enve lope  
m u t a t i o n s  is no t  surp r i s ing  w he n  t ak ing  into acc o un t  
the  complex i t y  o f  the enve lope  an d  the b io synthe t i c  
a n d  s t r uc tu r a l  co nn ec t i on s  t ha t  have  been  fo u n d  to 
exist  a m o n g  its di f ferent  c o m p o n c n t s  (Cos t e r t on ,  
I ng ra m,  a n d  Cheng .  1974). Yet ,  power fu l  mu ta ge ns  
a re  emp l oy ed ,  in m a n y  cases ,  fo r  t he  i so la t ion  o f  
such mu ta n t s .  t her efor e ,  t he  p r e s um pt i ve  p le io t ropi c  
cha r a c t c r  o f  a n  enve lope  m u t a t i o n  shou ld  be a lways  
veri f ied by gene t i c  analys is .

A s t ra in  (D A 8 2)  d i sp lay ing  a l t e r a t i ons  in cell 
shape ,  o sm o t i c  behav io r .  an d  r e sponse  to penici l l in 
a n d  cycloser i ne  has  been de scr i bed in Salm onella  ty ­
p h im u r iu m  ( A n t ón .  1972). T h e  genet i c  ana lys is  o f  
D A 8 2  was  car r i ed  ou t  in o rd e r  to  l'ind out  w he the r  
the  ab n o rm a l i t i e s  sho w n  by the s t ra in  were all due  
to a single p l e io t rop i c  m u t a t i o n  o r  were  p r od uc ed  
by  i n d e p e n d e n t  mu ta t i o ns .

Th i s  p ap e r  r ep o r t s  t he  l oca t i on  a n d  charac t er i s t i cs  
o f  a m u t a t i o n  t ha t  modi f ie s  cell m o r p h o l o g y ;  in­
creases  autolys i s  an d  sensi t ivi ty to  ant i b iot i cs ,  de o x y ­
cho la t e ,  a n d  U V  i r r ad i a t i o n ;  an d  cha nges  the re­
spo ns e  to  several  c a r b oh yd ra t e s .  Resul t s  a re  also 
p re sen t ed  i nd i ca t i ng  t ha t  expon en t i a l  cell inac t i va t i on  
a f t e r  o sm o t i c  d o w n s h o c k .  as sho wn  by t he  osmot i c-  
sens i t ive s t ra i n  DA 82 ,  is c aused  by a s econd  m u ta t i o n  
wh ich  is d e p e n d e n t  o n  the first  fo r  express ion.

M a t e r i a l s  and Me thods

Bacter ia l S tra ins  an d  Bacteriophages .  All the  bacter ia ! >'•. • - 
a re  deriva t ives  o f  S. typh im urium  LT2.  T h e i r  origin  ' *. . 
p rope r t i e s  a p p e a r  in Ta b le  1. Phage  used  for tra :> -. :. .  . .
K.B1 (B o ro  a n d  Brenchley ,  1971) a n d  phage  Pl C M  - :
1972).

Media .  C o m p le te  m é d iu m  was nu tr ien t  bro th
5 g NaC'l per liter (NB).  O sm o t ic  sens im it>  'a . -  . .
b ro th  with n o  N a C l  a d d ed  (N o S -b ro th ) .  T Y ó :  \  - . -
to n e  Difeo .  10 g ; Y eas t  E x t rac t  5 g: Na(".. 5 j

1 liter. M in im a l  m é d iu m  was the  F. m ed .ur -  • r : . ■



l able I. Bacterial s tra ins

Stra in R elevan t  m a rk e rs Source  o r  deriva t ion

LT2 wild type P.E. H a r tm a n
A roB aroB 39  ara-9 P E. H a r tm a n
A ro C a roC 32  ara-9 P.E. H a r tm a n
JL885 cod-101 p y r C 7  a r g E  M r  A ' J .L .  I n g r a h a m  (Beck et al., 1972)
SA532 cyxE39ñ met-4tS3/V c y s E ‘ K .E .  S a nde rson
D A 82 envB 4  o s m A I  ¡UsWlH24 hi.s01242 s trA  (P22) A n tó n .  1972
D A  173 envB4 o s m A I  h is \V lS 2 4  hisOG2()3 s trA  (P22) his O G203  phage  x D A 82 ,  selection 

o n  min  med. plu s  h is tid ine  
at 43° (F in k  et al.. 1976)

D A  183 envB4 o s m A I  leu-1256 ltisOG2G3 s trA N G  m uta genes is  o f  D A  173
D A  185 envB4 asm A !  ser -1154 h¡s()G203 s trA N G  m utagenes is  o f  D A  173
DA203 cm  B4 c y s - 1860 h isOG203 mal-591 s trA M .R .  Fe rrar i
D A 216 envB 4  asm A '  leu -1256 his ()G203 strA T his  p aper
DA222 envB 4  cys-IH60 mal-591 s trA  F ' S.A532 x DA203
D A 223 envB 4  mal-591 ara-9  1 D A 2 2 2  x A roB
DA230 cttvB o s m A I  leu-1256 his O G203 strA This  p aper
D A 245 pn)- fi52 e m B 4  mal-591 ara-9  F ’ D E S  m utagenes is  o f  DA 223
DA29I m e tC I 0 4  envB 4  lusOG203 s trA  F * D A 3 1 5  x D A  185
D A 294 m etC 104  e m B 4  h i s ü G 2 0 3  s trA T r e a tm e n t  o f  DA291 with AO
D A 315 m e tC J 0 4  F  ‘ Th is  la b o ra to ry  collection
D A  340 cocí-101 p y r C 7  m e tC I 0 4  F ’ DA291 x JL885
D A 355 ctul-101 p y r C 7  arg E  s t r A J L T 2  phage  x JL885
D A 357 e nrB 4  cod-101 p y r C 7  F ' D A 2 4 5  x"DA355
D A 388 a r g E  p y r C 7  F  ' D A 2 4 5  x DA 355
DA 389 a rg E  p y r C 7  s trA  ¥  ’ D A 245  x D A 355
DA395 a r g E  p y r C 7  strA T r e a tm e n t  o f  D A 3 8 9  with  A O
D A 3 9 6 s er -1153 envB 4  cod-101 p y r C 7  F  ‘ D E S  m uta genes is  o f  D A 357
DA398 his-6H7H arg E  p y r C 7  strA D E S  m uta genes is  o f  DA 395
D A 4 1 1 cm  B4 p y r C 7  leu -1256 strA DA34Ü x DA413
D A 413 s e r -1155 envB 4  h ts O G203 leu-1256 S p o n ta n e o u s  in D A  183
D A 420 e u iB ~  cod-101 p y r C 7  m e tC 104 .IL885 p h a g e x D A 4 1 3
D A 424 envB 4 cod-101 p y r C 7  m e t C  104 D A 3 4 0  x DA413
D A 467 gal-1924 eiu B4 cod-101 p y r C 7 S p o n ta n e o u s  in D A 3 5 7
DA 468 g a l -1923 cod-101 p v rC 7 S p o n ta n e o u s  in D.A420
D A 475 g a l -1921 a roC 32  ara-9 S p o n ta n e o u s  in A r o C
D A 476 galE 1922  aroC 32  ara-9 S p o n ta n e o u s  in AroC
DA 479 a r g E  p y r C 7  m e tC ¡ 0 4  gal-1923 D A 3 8 9 -P 1 C M  p h a g e  >. D A 4 6 ^ b
D A  481 e n v B '  g a l -1921 D A 4 1 1 -P 1 C M  phage  ■ D A 4~ 5 ' '
DA 482 e m B ~  strA gal-1921 D A 4 1 1 -P 1 C M  phage  ■ D A 4 7 5 b
DA4S3 c m B 4  gal-1921 D A 4 1 1 -P 1 C M  phage  * D A 4 7 5 1’
D A 4 M e m B 4  s t rA ga l-1921 D A 4 I I - P K  M phage  x D A 4 7 5 "
D A 4 V e n B '  E 1922 D A 4 1 1 - P I C M  phage  x D A 4 7 6 h
D A - ' f ..■::B- A H.LE1922 DA41 Í - P I C M  p h ag e  x D A 4 7 6 b
D A 4 x ‘ c B-t ^.¡,'E.’922 D.A41 1-P1CM  phage  x D A 4 7 6 b
D A 4 « ■.>:;BJ -  < D A 4 1 1 -P 1 C M  p h ag e  x D A 4 7 6 h
DA4sw ; *■: : ~ :C /"V D A 4 6 7 -P 1 C M  p h ag e  x DA479

O n l \  reie. a::: :i: ¿ r » ; : a r e  ' l i o »  F o r  exp lan a ! io n  on  the s\ m b o ls  used  see S a n d e rs o n  ( 1972). In c o n ju g a t io n
c r o » e s  the dor. o t  s train ap p e a rs  in the  first place. Except  for t r a n s d u c t io n s  with  phage  P 1 C M  clr-100.
which are  -pc^ :: 
D E S  fo r  d ¡ e t h \ .

’:ed. .C. o the r  t ra n s d u c t io n s  were  m e d ia ted  by p h a  
'Uifd'.e. an d  A O  for acr id ine  o ran g e

ge K B l .  N G  s tands  fo r  n i t ro so g u an id in e .

S tra in  J l > s 5 a p p ea rs  to  ea r ry  a m u ta t io n  c o n fe r r in g  salt d ep en d e n c e  at 43° s ince  it does  no t  g row
o n  N o S -A  at 4 3 : . bul g rows on the  sam e  m é d iu m  at 37°. an d on nu t r i en t  a g a r  a t  37° an d  at 43°. T he
locus  involved t> not the sam e as tha t  presen t  in D A 82  because  p h a g e  g ro w n  on  the  la t te r  s t ra in  yields
t r a n s d u c t a n t s  on  J L ^ ?  which g row s  on  N o S -A  a t 43°. M o reo v er .  s t ra in  JL885  show s  n o rm a l  cell shape.  
In o rd e r  to  a v o id  f u n h e r  e o m p l ica t io n s  in the  m a p p in g  o f  env-4,  s t ra in  D A 3 5 5 ,  a salt independen !  t ra n s d u c ta n t  
l 'rom JL885.  was e m p lo \ e d  in m os t  cases
h Pha ge  was o b ta in e d  b> the rm al  in d u c t io n  o f  a lysogenic  de r iva t ive  o f  th e  d o n o r  s tra in



(1956) with  0 .5 %  dextrose .  T o  test sugar  u t i l i / a t io n  m in im a l  m é ­
d iu m  M 9 (A d a m s ,  1959) w ith  0 .5 %  o f  c a r b o h y d r a t e  was  em ployed .  
Solid m edia  were  o b ta in e d  a d d in g  15 g a g a r  per  liter to  the  co rre-  
s p o n d in g  l iquid  m éd iu m .  Su g a r  u t i l iza t ion  was assayed on  pla tes  
o f  E M B  A g a r  Base Difeo  co n ta in in g  1% o f  c a r b o h y d ra te ,  and ,  
m  som e  cases,  o n  B CP m é d iu m  c o n ta in in g  P e p to n e  Difeo .  20 g;  
agar ,  15g ; B rom cre so l  purp le ,  0 . 0 2 5 g. c a r b o h y d r a t e  lOg, per  
liter. U nless  o the rw ise  specif ied all the  in c u b a t io n s  on  N o S - A  pla tes  
were  c ar r ied  o u t  at 43°.

Transduction a n d  Conjugation Tests.  T r a n s d u c l io n s  with  ph a g e  KB1 
were  c ar r ied  o u t  as desc r ibed  by R o th .  A n tó n ,  an d  H a r t m a n  (1966) 
fo r  p h ag e  P22. F o r  iso la t ion  o f  P1 sensitive s tra in s,  p re p a ra t io n  
of P 1 C M  clr-100  lysates,  a n d  P 1 C M  clr-100  m ed ia ted  t r a n s d u c t io n s  
the  p ro c e d u re s  desc r ibed  by  M oj ica-A  (1975) were  fo llowed.  C o n j u ­
g a t ion  tests were  c ar r ied  ou t  as desc r ibed  by  A n tó n  (1968).

Osmolic  D ownshock .  T o  test o sm o t ic  sensit iv ity  the  cells were  
g ro w n  lo e x p o n en t ia l  phase  in m in im al  m éd iu m .  They were  cen- 
tr i fuged,  th e  pellet was rinsed with  N B,  a n d  the  cells were  re- 
s u spended  in a small vo lu m e  o f  NB. O sm o t ic  d o w n s h o c k  was 
p e r fo r m e d  d i lu t ing  sam ples  o f  tha t  su spens ión  (0.1 mi) in 
p r e w a rm e d  N B  an d  N o S - b r o th  (10 mi) so  tha t  cell density  was 
a b o u t  0.8 l .O x  107 cel ls/ml . T h e  cul tures ,  in 25 mi flasks. were 
in c u b a ted  at 37° in a g i ra to ry  w a ter  b a th  shaker .  a n d  sam ples  
were  w i th d ra w n  a t inte rvals  an d  assayed  fo r  op t ica l  densi ty  (O D )  
at 650 nm  a n d  viable  c oun t .  P la t ing  for viabi lity c o u n ts  were  car r ied  
out o n  T Y - a g a r  plates.

Sensi t iv i ty  Tests.  Sensit iv ity  to  penic ill in  (Penicill iti -G, Sq u ib b  
A rge n t ina )  a n d  D-cyc lose r ine  ( M a n n  R esea rch  L a b o ra to r ie s )  was 
te sted in T Y - b r o th  as described  by A n tó n  a n d  O rce  (1976). Sensitiv- 
iiy to  d e o x y ch o la le  (D O C )  w as  scored  o n  solid  m é d iu m  (T Y -A  
plates)  by  the  p r o c e d u re  desc r ibed  in tha t  paper .

Autolys is  in Buffer.  A uto lys is  was  assayed  by the  p r o c e d u re  d e ­
scribed in A n tó n  a n d  O rce  (1976). It is expressed  as the  decrease  
in O D  (in pe rcen t )  o f  cells m a in ta in e d  for 120 min  in 0.05 M Tr is- 
HC1. p H  8.5, a t  37°.

I  V  In ad ia t ion .  Cells  f ro m  c i ther  e xponen t ia l  o r  s t a t io n a ry  cu l tu res  
in T Y - b r o th  were  cen t r i fuged  an d  re suspended  in 0.1 m ola l  N a C l  
to  a final O D  (650 n m ) o f  0.2. 5 mi o f  each  suspens ión  were  p laced  
in a 5 cm d ia m e te r  petri  dish,  a n d  UV i r r ad ia ted  with  a G e n e ra l  
E lectr ic  G e rm ic id a l  (G1578) lam p.  C o n s t a n t  s ti r r ing  o f  the  cell 
su spensión  was m a in ta in e d  d u r in g  i r r ad ia t ion .  Survival was  assayed  
on  T Y -A  plates.

R esults

O sm o t ic -R es is fa n t  Transciuctants f r o m  Strain  D A 82 .  
D a t a  a l r e ady  r e po r t ed  sh ow ed  s t ra in  D A 8 2  to  ca r ry  
several  a l t e r a t i ons .  In ad d i t i on  to  its r o u n d  cell shape ,  
D A 8 2  was  exponen t i a l l y  i nac t i va t ed  by t r an s f e r  (o s­
mo t ic  d o w n s h o c k )  f ' rom n o rm a l  m i n im a l  m é d i u m  
(m é d iu m  E) t o  low osmo la l i t y  nut r i t i ve  m é d i u m  (No S-  
b ro th ) .  a n d  d i sp layed  i ncr ea sed  sensi t ivi ty to  penici l -  
lin a nd  cycloser i ne  ( A n tó n .  1972). It was  also sho wn  
tha t  the r a t e  o f  o sm o t i c  i nac t i va t i on  inc r ea sed wi th 
t he  t e m p e ra t u r e  o f  i n cu ba t i o n  in N o S -b ro t h .  F u r t he r -  
more .  a t  43° D A 8 2  cu l t u r e s  lost  t he  c apac i t y  fo r  
s p o n t a n e o u s  recovery  f r om  osm o t i c  inh ib i t ion  sho wn  
at  l ower  t e m p e r a t u r e s  ( A n tó n .  1972).

In o r de r  to  faci l í ta te  m a p p i n g  o f  t he  m u t a t i o n  
con t ro l l i ng  o sm o t i c  de a th ,  co nd i t i on s  fo r  s imple  scor-  
ing o f  t ha t  cha rac t e r i s t i c  were sough t .  It was  fo und  
t h a t  s t r a i n  D A 8 2  was  not  abl e  t o  g r ow  on nu t r i en t  
ag a r  wi th no N a C l  a d d e d  (N oS -A )  w hen  i ncub a t i on  
was  car r i ed  o u t  a t  4?°.  It d id  g r ow  at  t ha t  t e m pe ra t u r e  
on  nu t r i en t  ag a r  c on t a in in g  sal t  (N A ) ,  o r  on  N o S - A  
w he n  t he  t e m p e r a t u r e  o f  i n cu ba t i on  was  l owered  to 
37°. N o S - A  a l l owed  grow th o f  wild t ype  s t ra ins  bo th  
at  37° a n d  at  43°.

T o  test  t he  c apac i t y  o f  N o S - A  to act  as selective 
m é d i u m  fo r  o sm o t i c - r e s i s t an t  t r a n sd uc t a n t s ,  a t r a n s ­
d u c t i o n  be twee n  s t r a i n  D A  183 (a his leu der i va t i ve  
o f  D A8 2)  a n d  phag e  K.B1 g ro w n  on  a wild t ype  s t rain 
was  p e r f o rm ed  direct ly on  N o S - A  plates .  T a k in g  into 
a c c o u n t  a poss ibl e  de lay  in t he  expres s ion o f  t he  n o r ­
ma l  phe no ty p e .  som e  t r an sd uc t i on  pla t es  were  kep t  
fo r  mc re a s i ng  pe r i ods  o f  t ime  at  37° be fo r e  being  
p laced at  43° for  two days .  N o  colon ie s  ar i sed  on 
t he  pla t es  p laced  at  43° w i t ho u t  p r e in cu b a t i o n  at  37°. 
a n d  few, if any.  on  t he  p l a t es  p r e i n cu ba t e d  for  one  
o r  two  hour s .  Howeve r .  n u m e r o u s  co lon ie s  a p pe a r ed  
on  the p la t es  kep t  at  37° fo r  t hr ee  o r  f ou r  hours .  
Long e r  p r e in cu ba t i o ns  a t  37° p r o d u c e d  he av \  back-  
g r o u n d  owin g  to  grovvth o f  the rec ipient  s t ra in  at 
t ha t  t em pe r a t u r e .  The  co lon ie s  g rowing  on N oS -A  
at  43° m a in t a in e d  the s am e  nu t r i t i ona l  r eq u i r em en t s  
as t he  rec ipient .  bu t  show ed  n o rm a l  cell m o r p h o lo g y  
(Fig.  1 a, b) a n d  n o rm a l  r e spo nse  to  5 IU  o f  penicill in,  
mi  a n d  to  20 | ig o f  eyc ioser i ne /ml  (St r a in  DA230 .  
T ab l e  5). F u r t h e r m o r e ,  t hey d ispl ayed  n o r m a l  o s ­
m o t i c  beh av io r  w he n  t r an s f e r r ed  f rom E m é d i u m  to 
N o S - b r o t h  (St ra in  D A 2 30 .  Fig.  2).

Revertcints o f  the O sm o tic -S ens i t ive  S tra in .  T h e  ap-  
p ea r a n ce  o f  r eve r t an t s  c a pab l e  o f  g r ow ing  on N oS -A  
a t  43° was  s t ud ied  b o th  in con t r o l  cu l t u r e s  a n d  af t er  
t r e a tm e n t  wi th n i t r o so g ua n id in e  ( N G )  a n d  diethyl  
su l fa te  (DES) .  D A1 8 3  behaves  as a very s t able  s t rain 
s ince in no  case r eve r t an t s  show ing  n o rm a l  g ro w th  
on  N o S - A  were  found .  Flowever ,  cu l t u r es  t r e a ted  with 
N G  o r  D E S  p ro d u c e d  a few t iny colon ie s  on  No S-A .  
T h e  cells in t hose  smal l  co lon i e s  r e t a i ned  DA1 83  
r o u n d  cell s h ap e  (Fig.  l e) ,  a n d  were  sensi t ive to  pen i ­
cillin a n d  cycloser i ne  (S t ra in  D A21 6 ,  T ab l e  5). H o w ­
ever .  even  t h o u g h  t r an sf er  to  N o S - b r o t h  p ro d u c e d  
a t r an s i t o ry  i nh ib i t ion  o f  cell div i si ón  in such ' ‘r eve r ­
t a n t s ” , no  s i gnif icant  cell dea th  was  obse rved  (St rain 
D A 2 1 6 .  Fig.  2), i nd i ca t i ng  t ha t  o sm o t i c  r e spo nse  was  
s o m e w h a t  norma l i zed .

T h e  fa i lure  to  f ind r ever t ant s  wi th n o r m a l  cell 
shape ,  o sm o t i c  behav iou r ,  a n d  an t i b io t i c  r e sponse  
c ou ld  i nd í ca te  e i t her  t ha t  a s t able  p le io t rop ic  m u t a ­
t i on was  involved  or  t ha t  m o r e  t h a n  one  m u t a t i o n  
had  to  b a c k m u t a t e  for  D A 8 2  to re cover  its no rm a l
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Fig. l a - e .  P h a s e -co n t r as t  p h o to m ic r o g r a p h s  o f  s l ra in  D A  183, its derivativos ,  a n d  isogenic  env-4  an d  e n r ' t ra n s d u c ta n t s .  T h e  s t ra ins  were 
g ro w n  on  m in im al  m é d iu m  pla tes  s u p p lem en te d  with leucine a n d  his tidine,  a n d  Ihe eells were  re s u sp e n d e d  in saline  fo r  o bserva t ion .  
a D A 183  (env-4):  b D A 230  (ene ' t r a n s d u c t a n t  f ro m  D A 1 8 3 ) ;  c O A 2 16 (pa r t i a l  re v e r ta n t  o f  D A 1 8 3 ) ;  d DA4X2 (env* t r a n s d u e ta n t  
f rom  D A 4 7 5 ) :  e D A 4S 4  (env-4  t r a n s d u c t a n t  f rom  D A 475) .  F ina l  m a g n if ic a t io n  Cor all the  m ic ro g rap h s ,  a p p ro x im a te ly  x  1700

Fig. 2. O sm o t ic  b e h av io r  o f  s t ra in  D A s2  an d  re la ted  strains.  T h e  
cells were  g ro w n  in m in im al  m éd ium ,  plu* am in o a c id s  w hen 
needed.  an d  t rans fe rred .  at  t im e  0. to  N o S -b r o th  (see M ate r ia ls  
a n d  M cthods ) .  S y m b o ls :  ( +  ) D A 82 (env-4):  ( _ )  D A  183 (env-4):  
(□ )  D A 2 3 0  (env '  t r a n s d u c t a n t  f rom  D A IS 3 ) :  ( a ) D A 216  (part ia l  
rev e r ian t  o f  D A 1 83); ( ) D A 482  (enr  ' t r a n s d u c t a n t  f rom  D A 4 7 5 ) ;  
( • )  D A 4 8 4  (env-4  i r a n s d u c t a n t  f rom  DA475)

p hen o ty pe .  In thi s  respect ,  the n o rm a l  charac t e r i s t i c s  
d i sp l ayed  by Ihe t r a n sd u c t a n t s  selected on  N o S -A  
suggcs ted t ha t  all t h e  a l t e r a t i ons  were  p r o d u c e d  by 
the  s a m e  m u t a t i o n .  N o tw i t h s t a n d i n g  such  resul ts  
cou ld  be a l so exp l a ined  a s s u m in g  that  t her e  were  two  
m u t a t i on s ,  one  o f  whtch  p ro d u c e d  a b n o r m a l  ceil 
shape  a n d  i ncr eased sensi t ivi t \  to ant i bio t ics ,  whe rea s  
t he  s econd  m u t a t i o n  caused  o sm o t i c  dea th ,  but  only 
in those  cells t ha t  also car r i ed  the first  mu ta t i o n .  
A cc o rd in g  t o  this  a s s um p t i o n .  t he  t r an sd u c t a n t s  
selected o n  N o S - A  received on ly  the wild t ype  alíele 
for  cell shape  a nd  an t ib io t ic  r esponse ,  a n d  re t a ined ,  
unexp re s sed .  the osmot i c-sensi t i v i t y  m u t a t i o n .  T he  
p rope r t i e s  o f  the r eve r t an t s  i so la t ed  agree  wi th the 
h \ p o t h e s i s  ou t l i ned .  T h e  par t ia l  r eve r t ant s  would ,  
thus .  be b a c k m u t a n t s  o f  t he  osmo ti c -sens i t iv i t y  m u t a ­
t ion.  a n d  the i r  fa i lure  to  show'  com p l e t e  o s m o t i c  no r-  
mal i ty  wou ld  be d u e  to  the epis ta t ic  a c t i on  o f  the 
s t able  cell sh ape  m u t a t i o n  still present .

T h e  abo v e  resul ts  a n d  t hose  r ep o r t e d  be low  indi-  
ca te  t ha t  a l t h ou gh  t he  select ive m é d i u m  N o S -A  was 
devis ed  to  c o n f o r m  the  o sm o t i c  cha rac t e r i s t i c s  o f  
D A8 2 .  it seleets aga in s t  r o u n d  bac t e r i a  r a t h e r  t h an  
aga in s t  o smot i c- scns i t i ve  cells.

F o r  t he  s ake  o f  s impl ici ty  t he  m u t a t i o n  re spons i -  
ble fo r  t he  fai lure  o f  D A 8 2  to  g ro w  o n  N o S - A  will 
be he rea f t e r  ca l l ed env-4.

M a p p in g  o f  env-4. P r e l im ina r  m a p p i n g  emp lo y i n g  Hfr  
d o n o r s  a n d  a u x o t r o p h i c  D A 8 2  der iva t i ve s  as recip-  
ients d e m o n s t r a t e d  env-4  to  be  l oca t ed  be tween



R e c o m b in a n t  selecied Unse lec ted  m a rk e rs  F req u e n c y  N o .  of c ro ss -o \  er* :
( N o .  o f  co lon ies)  -------------------------------------------- -----------------  ----------------------------------------- -----acco rd ing  to  o rde r

arg l í  env s trA  %  No.  oí --------------------------------
co lon ies  1 2

m e tC  p yrC "  (118)

m e t C '  p y r C r s trA  (114)

+ 47.5 56 •) *) 2
- -u 22.0 26 2 2 -

- + - 18.6 22 2 2 2
+ + 10.2 12 2 4 Z

- - ... 0.8 1 4 *) 4
4- + - 0.8 1 4 4 4

+ _ 63.0 72 2 -> :
- 21.9 25 2 0 4

- ■i- 14.2 16 2 4 -i

+ 4- 0.9 1 4 4 *»

O rd e r  1: m e t C — a rg E — env— s t r A \  2: n w t C — arg E — s t r A — env.  3: metC'— env— arg E — strA .  D o n o r  s t ra in  D A 388  is arg E  pyrC'7  h 
recip ient s t ra in  D A 2 9 4  carr ies  m u ta t io n s  m e t C  104 cnv-4 h isO G203  s trA .  A!1 the  rc c o m b in a n t s  wcre  purií 'icd by  single co lony  iso la tion  
b efore  bc ing  le stcd for unselec ted  m ark e rs

Tab le  3. G enet ic  analysis  o f  a r g E /  ser  A ’ r c c o m b in a n ts  f rom  thc 
c ross  D A 396  x D A398.

U nse lec ted  m a rk e rs I r e q u e n c y No.  o f  c ross-overs  
require tl  a cco rd in g  
to  o rde rcoii env strA % No. o f  

co lon ies
1 2

i. + + 61.4 73 2 i

-  + f 15.1 18 2 4
- 13.4 16 2 2
-f- -L 4.2 5 4 4

2.5 3 2 2

-r - 2.5 3 4 4
- - 0.8 1 4 4

+ - 0 4 2

O rd e r  1 : a r g E — cod— env— s trA :  2:  arg E — env— cod— strA .  D o n o r  
s t ra in  D A 3 9 6  is ser-]  153 env-4  cod-101 p y r C 7  F '  ; re c ip ient  s tra in  
D A 398  carr ies  m u ta t io n s  arg E  p y r C 7  his-6878 s trA .  T o ta l  n u m b e r  
o f  re c o m b in a n t s  scorcd  was 119

95 1 1 4 m i n  acc o rd in g  to t he  con v en t i o n a l  l i nkage 
m a p  o f  S. typhiniuriu/n  (Sand e r son .  1972). F u r t h e r  
crosses  e m p lo y in g  a n d  F " der i va t i ve  o f  D A 8 2  as  d o ­
n o r  a n d  rcc ipient s  c a r ry ing  d if fc rent  a u x o t r o p h i c  
m a r k e r s  in the r egión involved sh ow ed  t ha t  env  was  
l oca t ed  very cióse to  s trA  (Fe r r a r i ,  F igue roa ,  and  
A n tó n ,  u np ub l i sh ed  results).

T ra n s d u c t i o n  tes ts  were  ca r r ied  ou t  in o r d e r  to 
check j o i n t  t r an sd u c t i o n  o í  cnv-4  wi th  s trA  a n d  several  
o th e r  ne ig h bo r i ng  mark e r s .  As  D A 8 2  an d  its de r i v a ­
tivos car ry  p ro p h a g e  P22,  phage  KB1 was em p l oy ed  
to  p e r f o rm  the tests ,  W h e n  the p h en o ty p e  Env  ‘ was  
selected on N o S -A  plates ,  no  c o t r a n s d u c t i o n  wi th 
m a r k e r s  s trA  ( < ( ) . ! % ) ,  aro B  ( <  0 .5 %) ,  aro C

( < 0 . 4 4 % ) .  or  cücI ( <  0 .2 % )  was  found .  Th e  s ame  
r esul t  was  obse rved  w hen  t he  r eciproca l  t r an sd uc t i o ns  
were  pe r f o rm ed .  N o  env-4  co lon ie s  were  found  when  
a r o C '  ( <  0 .5% ) .  c y sG ^  ( < 0 . 5 % ) .  a r o B ^  ( < 0 . 5 % ) .  
c o c t  < < 0 . 1 % ) ,  o r  a r g F /  ( < 0 . 5 % )  were  selected.

T h e  fai lure  to  de tec t  l i nkage by t r an sdu c t i on  
p r o m p t e d  new  a t t e m p t s  to  ob t a in .  by con juga t i on .  
a  m o r e  precise  l oca t i on  o f  env-4. T o  this pu rp os e  
several  s t r a i ns  c a r r y ing  conve n i e n t  m a r k e r s  were  pre- 
pa r ed  and  em p l oy ed  in f u r t he r  crosses.  T ab l e  2 show s 
the resul t s  f r o m a cros s  be tween  an  a r g E  e n v '  p y r t '7  
F~ d o n o r  (D A3 8 8)  a n d  a m e tC 1 0 4  hisOG2()3 env-4 
s trA  rec ipient  (DA294) .  R e c o m b i n a n t s  m e tC "  p y r C  
a n d  m e tC "  p y r C "  s trA  were i ndepe nde n t l y  selected.  
pu r i f ied by single co lon y  i sola t ion.  an d  s cored for 
unsel ec t ed  mark e r s .  A ss u m in g  t ha t  r e c o m bi n an t  
classes  r equ i r i ng  two  e ro s s-over s  shou ld  a p p e a r  mor e  
o f t en  t h a n  t hose  r equ i r i ng  fou r  cros s-overs ,  the f re­
qu enc y  o f  r e c o m b in a n t  types  fo und  sugges ted  tha t  
t he  o r de r  o f  t he  m ar k e r s  i nvolved was  argE -env-s trA .

In a n o t h e r  cros s  be tween  d o n o r  s t ra in  DA 396  
(cod-101 p y r C 7  env-4 s e r -¡154  F '  ) a n d  D A3 9 8  (cirgE 
p y r C 7 h is 6 8 7 8  s trA )  as recipient ,  s cor ing  o f  unsel ec ted  
m a r k e r s  a m o n g  r e c o m b in a n t s  a r g E '  ser A *  ind i ca ted 
env  to  be l oca t ed  be tween  cod  a n d  s trA  (Tab l e  3). Thus.  
t he  gene  s equence  as  sh ow n  by c on jug a t i on  erossC'  
wo u ld  be argE -cod-env-s trA .

As  the  d is t ance  be tween  a rg E  a nd  s trA  is a p p r o \  - 
ma t e ly  4 min  (S and e r son ,  1972), the lack o f  cotra: ' . ' -  
duc t i o n  be tween  env a nd  such cióse ma rk e r s  as 
a n d  s trA  c ou ld  be ass igned  to  t he  smal l  si /e of  
KB1 t r a ns d uc in g  piece. A l t h o u g h  no da t a  or. 
l e n g t h o f K B l  D N A  is ava i l ab le ,  it cou ld  be assiur.eo. 
be s imi lar  to  t ha t  o f  phage  P22 because  bo th  r' :..-...- 
give resul ts  a l ike in c o t r a n s d u c t i o n  tests.



Table  4. F req u en cy  o f  jo in t  t r a n s d u c t io n  in c rosses  m ed ia ted  by phage  P 1 C M  clr-100

Recip ient D o n o r Selected
m a rk e r

Unse lec ted
m a rk e r s

No.  of
t r a n s d u c t a n t s
ana lyzed

N o .  o f  t r a n s ­
d u c ta n t s  car ry ing  
unselected  
m ark e rs

Freque ncy  
o f j o i n t  
t ra n s d u c t io n  
(% )

DA 475 D A 4 1 1 aroC  * env 195 18 9.2
DA 476 DA41 1 a r o C ' CI1V 250 34 13.6
D A 475 DA411 a r o C ' s lrA 195 108 55.4
D A 476 D A 4 1 1 a r o C ' slrA 250 144 57.6
D A 475 DA41 1 a r o C ' env s lrA 195 2 1.0
D A 476 D A 4 I  1 u r o C ' env s lrA 250 6 2.4
D A 476 DA 488 slrA env 333 11 3.3
DA 476 DA 488 strA a r o C + 333 190 57.0
DA 476 OA 488 s lrA env ctroC^ 333 1 1 3.3
DA 476 DA488 a r o C ' s lrA 80 48 60.0
DA 489 D A 476 c o d " env ’ 118 23 19.5
DA 468 DA41 1 c o d ' env 184 3’’ 17.4
D A 468 DA 389 c o d ’ a r g E 45 9 20.0
OA 479 DA 467 arg E  ‘ cod 200 40 20.0
D A 479 DA 467 arg E  ’ env 200 2 1.0
DA 479 DA 467 a r g E ' m e t C ' 200 0 <  0.5

All the  t r a n s d u c t a n t s  were  purif icd  by  single co lo n y  iso la tion  b e fo re  being  te sted  for unselectcd  m a rk e rs

argE cod env aroC s trA  
__I___________________i____________________ I_________________________ I______ i__

|________0_43________ ( |____________0_56___________

|________ 0_46__________| 0.15

.____________________ 0 . 8 6

Fig. 3. G ene  o rd e r  a n d  physical d i s t a n te s  in the  región  a r g E -s n A .  
Ph> Mcal dis tances  a re  expressed  as f rac t ions  o f  the  length  o f  the  
I " ) \A  piece car r ied  by a t ra n s d u c in g  partie le  o f  phage  P l .  The>
• •.‘re calcu la led  f rom  the frequeneies  o f  jo in t  t r a n s d u c t io n  show n  

T.-.ble 4. using K e m p e r ' s  e q u a t io n  (K e m p e r .  1974)

¡: h a s  been sho w n  tha t  som e  a l l e r a t i ons  in the 
. r  ■ : ' o : \>accha r ide  m a k e  S. typ h im u r ium  sens i t ive to  
t. •. <•< • u '¡a.- t olí  phage  Pl  ( O k a d a  a n d  W a ta n a b e ,

. Orr.e' .!a> and  S tocke r ,  1974). Phage  P l  g row s  
iUTr.,'.:!;. .>r¡ ' h o s e  sensi t ive Sahnonella  s t r a i ns  a nd  

¿er.et ic mat er i a l  be tween  t h e m  in a f a sh ion  
:h. . t  r c ' c r . K c >  c !o>eh t ha t  obse rved  in E. coli  ( O k a d a  
and  W l ^ ^ b :  E n o m o t o  a n d  S tocker .  1974).
As ihe D N A  car r i ed  by Pl  is a b o u t  twice
the si /¿ o: :he r' iece car r i ed  by Sahnonella  phage  P22.  
P l  has  allo'Aed d e : e ; : : o n  o f  j o in t  t r a n sd u c t i o n  be ­
tween  m ar k e r s  un ! :nked  :n P2 2 -m ed ia t ed  t r a n s d uc t i o n  
(M oj i ca -A .  19"5i.  O n  ih i -  a cc oun t .  P l - s ens i t ive  de r i ­
vat ivos o f  s t ra ins  c ar ry ing  t ‘iv-4  a n d  o th e r  cióse lo- 
c a t ed  m ar k e r s  were isola t ed ¡n o rd e r  t o  check j o in t  
t r an sd uc t i on  in P l - m e d i a t e d  cro>>es.

Several  t r a n sd uc t i o ns  were  p e r t o r m e d  w u h  the re- 
sul ts  sho wn  in Tab l e  4. Jo in t  t r a n sd u c t i o n  was  
obse rved  be tween  env  a nd  cod. aroC. argE .  a n d  s trA .

F u r t h e r m o r e .  co t r a n sd u c t i o n  was  f ou nd  be tween  
a rg E  a n d  co d  whi ch  were  not  l i nked  e i t her  in P22 
(Beck et al. ,  1972) o r  KB1 med i a t e d  crosses.

T h e  f r equene i es  o f  j o i n t  t r an sd u c t i o n  con f i rme d  
t he  gene o rd e r  e s t abl i shed  in co n ju g a t i o n  crosses,  a nd  
a l l owed  ca l cu l a t i on  o f  the  physical  d i s tances  between  
the genes  by app l i c a t i on  o f  K e m p e r ' s  eq u a t i o n  ( K e m ­
per.  1974). T he  m a p  o b t a in ed  is depi c t ed in Fig.  3. 
A cc o rd in g  to  t ha t  da t a ,  as the length o f  t he  piece 
o f  D N A  ca r r i ed  by P22 is a b o u t  4 0 %  o f  t ha t  con -  
t a i ned  in ph age  P l  (M o j i ca - A ,  1975), genes  cod  a nd  
argE ,  a n d  cod  a n d  env,  w o u l d  be j u s t  t o o  d i s tant  
to  be j o in t l y  t r an sd u ce d  by  pha ge  P22.

Propert ies  o f  env-4 Strains.  O u t  o f  the t r an s duc t i ons  
be tween  P l - s ens i t i ve  der i va t i ves  o f  A r o C  (D A 4 7 5  a nd  
D A4 76 )  a n d  p ha ge  g ro w n  on an  env-4  s t ra in ,  several  
a r o C '  t r a n sd u c t a n t s  c a r ry ing  ei t her  the m u t a n t  or  
t he  wild t ype  alíele o f  gene env  were saved.  T h o se  
i sogenic  s t ra ins ,  which  p r ob ab ly  differ  on ly  in gene 
env, s hou ld  be free f r o m  all o r  mos t  o f  the o the r  
m u t a t i o n s  p re sen t  in s t r a i n  DA82 .  The re fo r e ,  t hey  
were  em p l oy ed  to  s t udy  t he  effeets o f  t he  env-4  m u t a -  
t ion.  A l t h o u g h  the g a l  m u t a t i o n s  i so la t ed  in A r o C  
to m a k c  it sens i t ive to  pha g e  Pl  were  spo n t a ne o us ,  
so t ha t  t he  s t ra i n  was  no t  mu t age n i z ed ,  t r a n sd u c t a n t s  
f r o m  tw o  dif ferent  ga l  de r i va t i ves  were  s t ud ied in 
o rd e r  to  c o m p a r e  the i r  behav io r .  F u r t h e r m o r e ,  t ak ing  
a d v a n t a g e  o f  the p rox imi ty  be tween  a ro C  a n d  s trA ,  
d i f fe rent  c o m b i n a t i o n s  o f  s trA  a nd  env  alíeles were 
a l so  co m p a r ed .

C u l tu r e s  o f  env-4 a r o C + a n d  env + a r o C + t r an sduc -



T a b le  5. P roper t ie s  o f  D A 8 2 ,  its derivatives,  
a n d  som e  c o n t ro l  s tra ins

l ' o r  de ta il s  on  the  s t ra ins  a n d  ex p er im en ta l  
p rocedu re s .  see text

S tra in G r o w th
on
N o S -A

Cell
s hape

G ro w th  
on  D O C  
(3 m g/m l)

G r o w t h  in A -

penicill in  
(5 IU /m l)

cycloserine  
(20 jig/ml)

LT2 -t- rod + 4- + 19.N
D A 82 - ro u n d - 3S.9
D A  183 - ro u n d - - - 37,4
DA 230 rod + - -t- 19.2
D A 2 I 6 ± r o u n d _ - __ 35.6
D A 475 + rod + + 4- 23.0
DA 476 -f ro d + + [■ 20.0
DA481 - rod -t- + + 23.7
DA 482 - rod - + + 27.0
D A 483 - ro u n d - 52.6
D A 484 - ro u n d - - 57.4
DA485 + ro d - + + 22.7
D A 486 + ro d 4- + 23.2
DA487 - ro u n d - - 46.5
D A 488 - ro u n d - - 45.0

t an t s  in c om p l e t e  a n d  mi n im a l  inedi a were  ex am i n ed  
by phase  co n t r a s t  m ic ro sc o py  to  check  cell shape .  
It was  f o un d  (Tab l e  5) t ha t  all t he  t r a n s d u c t a n t s  
s cored  as env-4  b ecause  o f  the i r  lack o f  g ro w th  o n  
N o S - A  sh ow ed  spher i c  cell shape  w he rea s  t hose  dis- 
p lay ing  n o r m a l  g r o w th  on  N o S - A  m a i n t a i n ed  the i r  
typical  bac i l la r  cell shape .  env-4  t r a n s d u c t a n t s  re- 
ta i ned  the i r  a b n o r m a l  cell shape  u n d e r  all t he  nutr i -  
t i onal  a n d  o sm o t i c  c on d i t i o ns  tested.  as D A 8 2  did. 
Fig. 1 d  a n d  e sh o w  the  cell m o r p h o l o g y  o f  a pa i r  o f  
env~  (D A 4 8 2 )  a n d  env-4  ( D A 4 84 )  isogenic  t r a n s d u c ­
t an t s  g ro w n  on  mi n im a l  ag a r  piales.

Sensi t ivi ty t o  penici l l in a nd  cyclo ser i ne  was  also 
tested.  It was  ob se rved  t ha t  env-4  s t ra ins  d ispl ayed  
sensi t ivi ty to  penici l l in ( 5 I U / m l )  a n d  to  cycloser i ne  
(20 |.ig/ml) whe reas ,  a t  t he  s am e  co n cen t r a t i ons .  the 
isogenic  env r s t r a i ns  were  res i s t ant  to  bo íh  an t i b io t ic s  
(Tab l e  5). T a b l e  5 a lso  show s  t ha t  all t h e  s t r a i ns  w i th  
ro u n d  cell shape ,  i nc lud ing  DA 82 ,  D A  183, a n d  the 
par t ia l  r eve r t an t  D A21 6 ,  w;ere sens i t ive to 3 m g  de- 
oxycho l a t e  ( D O C )  pe r  mi.  O n  the co n t r a ry .  ne i t her  
D A 2 3 0  ñ o r  the e n v '  i sogenic s t r a i ns  were  af fected 
by t ha t  a m o u n t  o f  D O C .  T hu s ,  it can  be c on c lu de d  
t ha t  spher ical  cell shape  a n d  incr eased  sensi t ivi ty to 
penici l l in,  cycloser ine.  a n d  D O C  a re  all p le io t rop i c  
a spee t s  o f  eni'-4.

Whil e  s cr een ing  fo r  a b n o r m a l  au to ly t i c  act ivi ty 
a g ro u p  o f  enve lope  m u t a n t s  i sol a t ed in this l abo-  
r a t ory .  it was  obse rved  t ha t  D A 8 2 ,  D A  183. an d  
D A216 .  all re l a ted env-4  s t ra ins ,  d i sp layed i ncr eased 
au to ly t i c  act ivi ty  in a l ka l ine  buffer .  W h e n  cells f r om 
those  s t r a i ns  were  p laced  in 0.05 M T r i s -H C l  buffer ,

p H  8.5, a t  37°, t he r e  was a 4 0 %  dec rease  in O D  af t er  
two  h o u r s  o f  i ncuba t i on .  Wi ld  t ype  s t r a i ns  a n d  s t rain 
D A 2 3 0  show ed ,  u n de r  the s am e  cond i t i ons ,  a dec rease  
o f  a b o u t  2 0 %  (Tab l e  5). Such  resul ts  sugges t ed  t ha t  
inc r ea sed  au to lys i s  was  co nn ec t e d  wi th  t he  env-4  mu-  
t a t i o n ;  t he r e fo re ,  the au to ly t ic  p e r f o rm an ce  o f  the 
isogenic  env-4  a n d  env + s t ra ins  was  tested.  As  can 
be seen in T ab l e  5, env-4  d er i va t i ves  showed  a very 
h igh au to ly t i c  level. O n  the co n t r a ry .  a n d  veri fying 
t he  a s s u m p t i on  tha t  high au to ly t i c  level was due  to 
t he  rnu t an t  env alíele,  e n v '  de r i va t i ves  r e t a i ned  the 
wild t ype  a m o u n t  o f  lysis.

R o u n d  cell m u t a n t s  be long ing  t o  two  dif ferent  
loci l iave been  ident i f ied in E. coli  ( M a t s u z a w a  et al.. 
1973;  W e s t l i n g -H a g g s t r ó m  a n d  N o r m a r k ,  1975). Mu-  
t a t i on  in any  o f  the two  loci increases  res i s t ance  to 
U V  i r r ad i a t i on  (Ad le r  et al. ,  1968; N o r m a r k  1969: 
M a t s u z a w a  et al. .  1973). A cc o rd in g  t o  the  m a pp in g  
r ep o r t e d  in this pa pe r  env-4  s t an ds  in a b o u t  the same 
pl ace  as the envB  locus  in E. coli  (Wes t l ing-  
H a g g s t r ó m  a n d  N o r m a r k .  1975):  t her efor e ,  responde 
to  U V  i r r ad i a t i o n  was  s t ud ied  in two pai r s  o f  i sogei ix  
env-4  a n d  env"  s t rains .  F igu re  4 show s  the  r e ' u ! >  
ob t a in e d  wi th  cells o f  D A 4 8 4  (env-4) a n d  D A ^ ' 2  
( e n v " ), g ro w n  in T Y - b r o t h .  It c an  be seen tha t  there 
was,  in fact .  a di f ference  be tween  the b e h a \ i o r  of  
env  ‘ a n d  env-4  s t rains .  Th e  env-4  m u t a t i o n  liad, h o u -  
ever ,  a n  o ppo s i t e  effect  to  t h a t  obse r ved  with £.  m l i  
m u t an t s ,  s ince exponen t i a l  cells o f  DA4S4  den ion-  
s t r a t ed  to  be m o r e  sens i t ive t han  t hose  ea r ry ing  the 
wi ld t ype  alíele.  T h e  s a m e  resul t  was  fo u n d  when  
the isogenic  pai r  o f  s t r a i ns  D A 4 8 5  (e n v '  ) an d  DA 487
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Kiji- 4. Survival o f  isogenic env-4  a n d  en v '  s t ra ins  al 'tcr UV i r r a d i a ­
t ion.  S ym bo ls :  ( o- -o )  exponen! ia l  cells o f  D A 4 8 4  (e/ir-4) : ( • - - • )
exponen t ia l  cells o f  D A 482  (e n r ‘ )\ (A -----a )  e x p o n en t ia l  cells
o f  D A 487  {env-4): i a  a ) exponen t ia l  cells o f  D A 4 8 5  ( e n v ‘ ): 
( -—  ■■) s ta t io n a ry  cells o f  D A 4 8 4 ;  ( •  —  • )  s ta l io n a ry  cells o f  
D A 482

(env-4)  was  su b m i t t e d  to  UV  i r r ad i a t i on  (Fig.  4). 
Howev e r ,  s t a t i ona ry  env-4  cu l t ur es  (D A4 84 )  d e m o n -  
s t r a t ed  a b o u t  t he  s am e  sensi t ivi ty as the  c o r r e s po nd -  
ing env  ' cells ( D A 48 2)  (Fig.  4).

O n e  m or e  cha rac t e r i s t i c  af fected by env-4  was  
detec ted .  S t r a in  D A 8 2  a n d  all tes ted env-4  t r a n s d u c ­
t an t s  sh o w ed  an  a n o m a l o u s  p h e n o ty p e  on  E M B  aga r  
co n t a i n in g  e i t her  ma l to se ,  xylose,  ma nn i t o l ,  ma n no s e .  
o r  f ructose.  I ns t ead  o f  the  typical  greeni sh  meta l ic  
sheen sho wn  by D A 2 3 0  a n d  all t he  e n v f isogenic  
s t ra ins .  env-4  de r i va t i ve s  d isp layed  an  o p a q u e  d a rk  
r ed  color .  Red  s t a in ing  ha s  been  r e p o r t e d  to  deve lope  
by i n t c rac t i on  be tween  som e  cells ha v ing  d a m a g e d  
envelopes  a n d  t he  eosin c o n t a i ne d  in E M B  (Zinde r ,  
1960). Howeve r .  env~ a n d  env-4  s t r a i ns  d i l le r ed  also 
w hen  BCP  m é d iu m ,  wh ich does  not  con t a in  eosin,  
was  emp l oye d .  W h er ea s  env~  s t ra ins  t u r n ed  br i gh t  
ye l l ow af t er  24 h o f  m c u b a t i o n  on  B C P  plates .  env-4  
s t ra ins  r eq u i r ed  48 h to  a dq u i r e  a palé  yel l ow color .  
P r e l im ina r  tes ts  have  sh o w n  tha t  env-4  s t ra in  D A 4 84  
g row s  in m in im a l  M9  m é d i u m  with ma l to se  or  m a n ­
ni tol  as solé c a r b ó n  source .

D ifferences Between D A 8 2  and  the env-4 Transduc­
tants. T h e  r e spo nse  to  o sm o t i c  d o w n s h o c k  o f  the 
s t r a i ns  ob t a in ed  by t r an sd u c t i o n  was  inves t i ga ted .  As  
expec t ed ,  env*  s t r a i ns  sho we d  no  d i s t u rb anc e  when  
t r an s f e r r ed  f r o m  E m é d i u m  to N o S - b r o t h  (St ra in  
DA 48 2 ,  Fig. 2). W h e n  the isogenic env-4  s t ra in  
D A 4 8 4  was  s u b m i t t e d  to  the s am e  o smo t i c  chang e  
t her e  was  a lag in cell divis ión,  wi th very little or  
n o  cell dea th ,  a n d  af t er  3 4 h  cell div i si ón  r e sumed  
(Fig.  2). T h e  s a m e  resul ts  were  o b t a in ed  wi th the i so­
genic  pa i r  D A 4 8 5  (e n v ^ )  a n d  D A4 8 7  (env-4).  T h a t  
is, a l t h o u g h  env-4  s t r a i ns  co ns t ruc t e d  by P l - m e d i a t e d  
t r a n sd u c t i o n  were  t e m po ra r i l y  af f ec ted  by t r an sf er  to 
l ow osmo la l i t y  m é d i u m ,  t hey did not  suf fer  the ex­
p o ne n t i a l  cell i nac t i va t i on  t ha t  cha r ac t cr i ze s  the  o r i g i ­
nal  env-4  s t ra in  D A 8 2  a n d  its der i va t i ve  D A  183 
(Fig.  2). In fact .  the  o sm o t i c  r e sponse  o f  D A 4 8 4  was  
s imi l ar  to  t ha t  obse rved  wi th DA216 ,  t he  par t ia l  re- 
ve r t an t  o f  D A  183 (Fig.  2). These  resul ts  ag ree wi th 
the  hy po the s i s  t ha t  the m u t a t i o n  respons ib l e  fo r  o s ­
mo t i c  ccll de a th  in D A 8 2  is no t  env-4  bu t  a n o th e r  
m u t a t i o n  which  was  no t  j o in t l y  t r a n s d uc e d  wi th aroC.

In ad d i t i o n  to  o sm o t i c  behav io r ,  env-4  s t r a i ns  dif- 
ler  f r om D A 8 2  in t he  mi n im a l  a m o u n t  o f  penici l l in 
an d  D O C  (cycloser i ne  was  n o t  tes ted)  t h a t  inhíbi t s  
g row th .  W he re a s  env-4  t r a n s d u c t a n t s  D A4 83 ,  D A484 ,  
D A 4 87 ,  a nd  D A 4 8 8 ,  a n d  the pa rt ia l  r eve r t an t  D A 2 16  
we re  sensi t ive t o  2 IU penic i l l in/ml  a n d  to  1 m g  D O C /  
mi,  h igher  c o nc e n t r a t i o ns  (4 IU  penici l l in/ml ,  1.5 mg  
D O C / m l )  were  r equ i r ed  to inhibi t  g ro w th  o f  t he  or i g i ­
nal  s t r a i n  D A 8 2  a n d  its de r i va t i ve  D A  183.

D iscussion

Ge ne t i c  ana lys is  o f  s t r a i n  D A 8 2  has  sh o w n  that  at 
least  two  enve lope  m u t a t i o n s  i n t eract  to  p r o d u ce  the 
s t r a i n ’s ph en o ty pe .  O n e  o f  t h e  m u t a t i o n s ,  n a m e d  env-  
4. was  m a p p e d  be tween m a r k e r s  eod  a n d  a ro C  by 
us ing  E. co/i  ph ag e  P l .  Th i s  phage  a l l owed  to detec t  
c o t r a n s d u c t i o n  be tween  env-4  a n d  genes  argE. cod, 
a r o C , a n d  s tvA ,  whi ch  a r e  t o o  d is t an t  f o rm  env-4  
to  be j o in t l y  t r an sd u c ed  by Sa lm onella  pha g e  KB1.  
T h e  effeets o f  env-4  were  s t ud ied  a f t e r  t r an sf e r  o f  
the m u t a t i o n .  by t r a n s d uc t i on ,  to  a new  geno type.  
env-4  h as  a very wide  r a nge  o f  a c t i on .  It p rod uce s  
spher i ca l  cell sh ap e ;  i ncr eases  sensi t ivi ty to  penici l l in,  
cycloser i ne ,  D O C ,  a n d  U V  i r r ad i a t i o n ;  rai ses  the level 
o f  au to ly s i s ;  a n d  causes  ph eno typ i c  cha ng es  in the 
p a t t e rn  o f  u t i l i za t i on  o f  several  c a rb ohy d r a t e s .

env-4  is l oca t ed  at m in  107. qui t e  d i s t an t  f r om 
min  78 whe re  divD ,  the  on ly  o the r  gene  r ep o r t ed  to 
c ause  ro u n d  cells in S. ty p h im u r iu m , h as  been m a p p e d  
(W yc he  et al. .  1974). F u r t h e r m o r e .  the p rope r t i e s  o f  
env-4  s t ra ins  di f fer  sha rp ly  f rom those  descr i bed  for 
a divD  m u t a n t ,  wh ich d isp l ays  n o rm a l  r e sponse  to



penici l l in.  D O C .  a n d  UV  i r rad i a t i on  (W ych e  et al.. 
1974). O n  t he  o thc r  h an d .  t he  pos i t i on  o f  env-4  cor r e-  
sp on ds  to  t ha t  f o u n d  for  E. coli  gene  em'B.  G e n e  
en vB  ha s  been  l ocat ed  in E. c« / / b e t w ee n  m a r k e r s  a ro E  
(cal led a r o C  in S a lm onella )  a n d  a sp B  (Wes t l i ng-  
H a g g s t r o m  a n d  N o r m a r k ,  1975). M u t a t i o n  in en vB  
r esul ts  in spher iea l  cell sh ap e ;  inc r ca sed  sensi t ivi ty 
to  D O C ,  penici l l in,  a n d  o t he r  an t i b io t i c s ;  a n d  in- 
c reased res is t ance  to  U V  i r r ad i a t i on  (Wes t l i ng-  
H a g g s t r o m  a n d  N o r m a r k ,  1975). In spi te o f  t he  o pp o -  
site b e h a v io u r  wi th respect  to  U V  l ight.  wh i ch  could  
p e r h a p s  ref lect  alíele o r  species pecul iar i t i es ,  the  loca- 
t i on  o f  env-4  a n d  its p rop e r t i e s  sugges t  t ha t  this m u t a ­
t i on repre sent a  the Sa lm o ne lla  l ocus  h o m o l o g o u s  to 
E. coli  gene em 'B .  F o r  t hese r easons ,  the m u t a t i o n  
vvill be  he r ea f t e r  cal led encB4.

Th e  pre sence  in D A 8 2  o f  a s econd  m u t a t i o n  con-  
nec t ed  wi th  o sm o t i c  i nac t iva t i on  is inf er red  f r o m  two 
observa t i ons .  First ,  the  i so l a t i on  o f  r eve r t ant s  tha t  
re l a i ned  a b n o r m a l  cell sh ap e  bu t  vvere no t  ex ponen -  
tially k i l led by t r an s l e r  to  low osmolal i ty  m é d i u m ;  
a nd  s econd,  the p rope r t i e s  o f  the s t ra ins  p r e p a r ed  
by t r an s duc ing  cnvB 4  to  a new  geno type .  These  
s t rains ,  like t he  r eve r t ant s  j us t  me n t i on ed .  were  not  
i nac t iva t ed  by o s m o t i c  d o w n s h o c k  a l t h o u g h  t hey 
d i sp layed sphe r ic  cell shape.  Henee ,  a b n o r m a l  mor -  
ph o lo gy  was  not  e n o u g h  to  c ause  exponen t i a l  de a th  
u p o n  t r an sf e r  to  N o S -b ro t h ,  ther efor e ,  a n o t h e r  m u t a ­
t i on  had  to  be r e spons ib l e  fo r  D A 8 2  osm o t i c  sensi t iv- 
ity. Whi l e  envB 4  was  s t ab l e  so t ha t  no ro d  sh ape d  
r ev e r t an t s  were  in any case  foun d .  t he  s econd  m u t a ­
tion.  t en t a t i ve ly  n a m e d  asm  A l .  w o u l d  b a c k m u t a t e  
p r od uc i n g  DA216- l i ke  r ever t an ts .  F u r t h e r m o r e ,  as 
t he  e n v B ' t r a n sd u c t a n t s  ob t a i n ed  f ro m D A8 2 .  wh ich  
shou ld  ca r r y  still asm  A I ,  s how ed  n o rm a l  o smo t i c  be- 
hav i o r  as  well  as n o r m a l  cell shape ,  it fo l lows  t ha t  
asm  A l  is de p e n d e n t  on  t he  p resence  o f  envB 4  for 
exp re ss ion .  T h e  sl ighly l ower  sensi t ivi ty to  penici l l in 
a n d  D O C  sho wn  by D A 8 2  as c o m p a r e d  to D A 2 1 6  
a n d  t he  envB 4  s t ra ins  p r ep a r ed  by t r a n sd u c t i o n  sug- 
gests  t h a t  o s m A l  h a s  p l e io t rop i c  effeets too.  A t  pre-  
sent .  no di rect  i n f o rm a t io n  on  the role p layed  by 
asm  A l  in o sm o t i c  dea th  is avai l able .

It is no t  poss ible ,  a t  the p re sen t  t ime,  to visual ize 
o th e r  r e l a t i onsh ip  a m o n g  the diverse  p rope r t i e s  
af f ec ted  by envB 4  t h an  the  s t ruc tu r a l  a n d  b io synthc t ic  
co nn ec t i on s  wh ich  a r e  k n o w n  to exist a m o n g  t he  dif- 
ferent  c o m p o n e n t s  o f  t he  cell envelope .  T h e  effect 
o f  cell shape  m u t a t i o n s  on  r e sponse  to UV light ap-  
pea rs  to be qu i t e  di f ferent  a c co rd in g  to the species 
cons i de r ed ,  t he  locus ,  an d .  p ro ba b ly ,  t he  alíele 
involved.  T w o  types  o f  r o u n d  cell m u t a n t s  s t ud ied  
in E. coli  K.12 (envB  a n d  rod  A)  d isplay  incr eased  resis­
t ance  to  U V  ( N o r m a r k .  1969:  M a t s u z a w a  et al..
1973). O ne  o f  the  loci (d iv f í )  ident i f ied in S. typh im u-  
ritim  does  no t  mod i fy  r e spo nse  to  U V  (W ych e  et al..

1974) whe rea s  t he  one  descr i bed  in this paper .  »h : / r .  
p r e s u m ed ly  co r r e s p o n d s  to  envB  locus  in E. coli. co:'.- 
fers sensi t ivi ty to  UV.  It seems.  t he r efor e .  that  ;í -  
no t  the  cell sh ape  a l t e r a t i on  but  som e  o the r  o f  the 
p rope r t i e s  mod i f i ed  by such  p le io t rop ic  mutat ion--  
wh ich de t e r mine s  t he  effect on r e sponse  to UV.  The  
sensi t ivi ty o f  envB 4  s t ra ins  to UV is no t  verv high 
s ince survival  decr ea ses  to on ly  a t en th  o f  t h a t  at- 
t a i ned  by e n v B '  eells. F u r t h e rm o r e ,  it ap p ea r s  in ex ­
po nen t i a l  eells whi le  s t a t i ona ry  cells sho w  a b o u t  the 
s am e  sensi t ivi ty as  wild t ype  bac t er i a .  P e rh a p s  the 
D N A  o f  envB 4  cells is, a t  t he  r ep l i ca t i on  point ,  more  
sens i t ive to  LJV o r  less a m e n a b l e  to r epa i r  t h a n  the 
D N A  o f  e n v B '  b ac te r ia .  As  D N A  is as soc ia ted  to 
t he  cell m e m b r a n e  at  the r ep l i ca t i on  po in t .  this  hypo -  
thesis cou ld  p rov ide  som e  e xp l an a t i on  fo r  the chang e  
in U V  sensi t ivi ty observed  in some  enve lope  defect ive 
mu t an t s .

en vB  is the  s econd  locus  ident i f ied in S. typh im u-  
rium  t h a t  i ncr eases  autolys i s  in a l ka l i ne  buffer .  Th is  
p ro p e r ty  does  no t  a p p e a r  to int er fe re  wi th n o r m a l  
g ro w th  o f  cnvB 4  s t ra ins ,  a n d  is mani f e s t ed  on ly  as 
a sl ight  d r o p  in O D  an d  viabi l i ty c oun t  in N B  over-  
n ight  cul t ures .  Thus .  en vB  m u t a n t s  dif fer  in this re- 
g a rd  f ro m envD  mu ta n t s .  which  suf fer  a very signifi- 
c a n t  au tolys i s  in nu t r i en t  b ro t h  ( A n tó n  an d  Orce .  
1976). T h e  na tu r e  o f  the  au to ly t i c  ac t ivi ty  d isplayed 
by en vB  s t r a i ns  is n o t  k n o w n .  Howeve r ,  p r e l im ina r  
ob se rv a t i o n s  suggest  tha t  the s am e  en zym e  ma y  be 
ac t i ng  in en vB  a n d  envD  mu t an t s .  In fact ,  incr eased  
au to lys i s  seems t o  be a r a t he r  f r equen t  cha rac t er i s t i c  
a m o n g  enve lope  defect ive m u t a n t s  ( A n tó n ,  in p r epa -  
rat ion) .

T h e  s i gni f i cance  o f  the ph en o ty p i c  a l t e ra t ions  
obse rved  in sug a r  ut i l i za t i on  is not  k n ow n .  Th e  
cha ng es  a r e  no t  due  lo  i n t e r ac t i on  o f  envB4  eells with 
t he  dyes in E M B  (Z inder .  1960). M or eo ve r ,  envB4  
s t r a i ns  a r e  abl e  to  g ro w  with ma l to se  o r  mann i t o l  
as on ly  c a r b ó n  source .  Actua l l y ,  t he  aspect  o f  envB4  
s t r a i ns  on  p H  ind i ca to r  med i a  sugges ts  t ha t  c a r b o h \ -  
d r a t e  u t i l i za t i on  is p e r h a p s  r e t a rd ed  bu t  no t  s t opped.  
T o  exp la in  the p rop e r t i e s  o f  m a n -1 ,  a m e m b r a n e  mu-  
t an t  o f  S. typ h im u r iu m  wh ich  is unab l e  to  t r a n s p o n  
b o t h  p h o s p h o e n o l p y r u v a t e : glycose  ph os pho t r ans f e i  - 
ase  sys t em (PTS)  s u g a r s a n d  n o n - P T S  suga rs  (Co r da r o .  
P os t m a .  a n d  R o s e m a n .  1974). a genera l  d i s t u rbance  
o f  sug a r  t r a n s p o n  caused  by the m e m b r a n e  muiat i o: : .  
h as  been  po s t u l a t e d  (C o r d a r o .  1976). It r eman í s  ; 
be  i nves t i ga t ed  w he th e r  the be hav io r  o f  eneB 4  s t :v. : - '  
ad m i t s  a s imi la r  exp l ana t i on .

A cknow lcd í’m ents. Th is  invest igal ion  was s u p p o r te d .  
a g ran t  from  C o n se jo  N ac io n a l  de Invest igaciones  ' . . .
Técn icas ,  A rgen t ina .

T h e  vvork r e p o n e d  was accom pl ished  with  lile j -' , 
ass is lance  o f  A n a  M a r ía  Flores .
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