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d i n o a c e t a t e  methvltran.++l'et-a.~e (EC z.x.a.z) a c t i v i t y .  T h e s e  e n z y m e s ,  which  h a v e  a 
re.~tricted ,ii.-,ttil,uti,~,;, i;i,ty well serx e as  marker , s  fer  f u t u r e  s tud i e s  on the  prol-.lem 
o f  t he  or igin  o f  dec idua l  t i ssue a. As for r e l a t ed  tb,~ues, we h a v e  o b s e r v e d  t r an s -  
a m i d i n a s e  a c t i v i t y  for the  first  t i m e  in comtn~rc ia l  b e e f - p l a c e n t a  p r e p a r a t i o n s  a n d  
c h i c k - e g g  y o l k  sac,  h u t  nt~t in h u m a n  t e r m  p l a c e n t a .  

T h e  p re sence  o f  s ign i f ican t  lex'ei.~ ...f t r a n s a m i d i n a s e  in each  t~f t h r e e  t i ssues  t~t" 
a s ingle  a n i m a l  offer.~ t he  poss ib i l i ty  ,~f c t>mpar ing  the  r e l a t i ve  r ep re s s ib i l i t y  of  t r an s -  
a m i d i n a ~ e  in thesa + t issues.  T a b l e  I .-h:~w.s t h a t  d i e t a r y  c r ea t i ne  r ep res ses  t r a n s -  
a m i d i n a s e  in r a t  k i d n e y  a n d  p a n c r e a s  tt, the  s a m e  r e ! a l i ve  e x t e n t ,  w h e r e a s  dec idua i  
transamidina-,+t + "s repres~,ed to  a s igni l icant ,  hu t  lesser,  e x t e n t .  W h e t h e r  thi-~ d i f fe rence  
in r e p r e s s i b i l i t y  r e th ' c t s  a d i f fe rence  in pe rmeab i l i t . v  to c rca t ine ,  or o t h e r  fac tors ,  is 
l - ln t  k n . o w t l .  

I t  w o u l d  ;tl>l~ear ttK, t the  c r e a t i n e - t r , m s : t m i d i n a ~ e  a n d  decithz~,ma m o d e l  s y s t e m s  
c a n  i::dee<l be  c o m b i n e d ,  a f fo rd ing  an  ~q~p<}rtunity to .+tudy e n z y m e  r e p r e s s u m ,  
t , o r m o n e  ef fec ts  n.~, a n d  d i f f e r en t i a t i un  a-~ i~t tit<+. ~ame ;~on-embry[mic  m a m m a l i a n  t issue.  

Th i s  w~wk was  s u p p o r t e d  b y  rv.-+ear,:l, gr;tnr:~ fr;~m the  Rubtrl t A. Welch  F o u n -  
dati<m, i:h~uston, T e x a s ,  a n d  the  tr.S. l ' u b h c  [ [ ea l t h  Service .  

'?eparlment of Biochemi.gtr3,, 
Bavlor University College of Medicb~e, 

Houslon, Texas (U .S .A . )  

J A M E ~  B .  ~,VAI KF.I(" 

W I L L I A M  W. ( ~ l l ~ O y  

t j .  B. ~&'.,~t.K~R, I3zochim.  ICioph)_¢. . Io ta .  36 (J ' )59) 57~. 
I .M.S .  ~V^tt~v..a .*,~b J .  B. ~VaLKEX. j I~,,L Ch , ' , t . .  -'37 ~,L~,,e, 17J" 
S 3,1. C..%H~'.I.t":SNY.~.~, Oe~'spe~t~vcs t3~o!. .~l,-d. ,  5 ~ ~ z )  5 ~ .  
4 j .  B. ~V_~t.KER. F e d e r a h o u  l-'v~¢.. I~ { t ~ , , }  5" 
" ~%". E. KNOX. in  D+ RUDNICK, .g;. ' , thrsi~ ,~./ A l~tr t  r~/.?r . ' lnl  Ce l l l dar  Ntr~*ctt*v,'. l l ,m;d,1  Pr t -ss .  

Nt~xv Y o r k .  l,j~a~, p .  I3.  
• J .  Mo~t.>l~, A.'qD | : .  J a c o B .  (7,~ld .'4pr,**g I l a rb . ' r  N.l';~tp. ~J~ra,tt. i l iol . ,  -'G iI-..~] ) .:lAc). 

R ~ e i v e d  O c t o b e r  _'fJth, I q ( ) Z  

° [{¢.~,art 'h ('-ar~'er I ) e v e l o p m c n t  . \ w a r . l e t :  o f  ("..'-L Ptll,|it~ [ - feal th  .'qt*r'."lct'. 

B i o c h t m .  B i o p h y ~ . . # e t a ,  67 {t9¢~3) z5fh-r.-i7 

PN 1OO2 4 
A soluble ¢-~ype ¢ytochrome from anaeroL,|c~lly l rown Escherichla cc~l 

various Enterobacteriaceae 

I t  i5 g e n e r a l l y  a c c e p t e d  t h a t  Escherichia c,,It a n d  r e l a t e d  f a c u l t a t i v e  a n a e r o b e ~  lack  
c y t o , a h r o m e s  c a n d  b, b t : t  c~mtain .sul~stantial a m u u n t s  o f  c y t o c h r o m e  bx ~. I t  is the  
purp t r se  o f  th i s  n o t e  to  show t h a t  a .~ luble  c y t o c h r o m e  c c o n s i s t e n t l y  is fi~rmed 
wh*m b a c t e r i a  o f  t h i s  g r o u p  a re  c , z t t iva ted  a n a e r o b i c a h y  on a s y n t h e t i c  m e d i u m  
c o n t a i n i n g  g lucose  as the  p r inc ipa l  c a r b o n  .source. Th i s  f ind ing  is a n  otatgrow~+h o f  
c o m p r e h e n s i v e  s t ud i e s  be ing  ca r r i ed  o u t  in th i s  l a b o r a t o r y  on  t h e  e n z y m i c  a n d  
c h e m i c a l  c o n s t i t u t i o n  of  E. col~ cells grtJwn on  c o m p l e x  a n d  syqathetic  m e d i a  u n d e r  
b o t h  ae rob i c  a n d  a n a e r o b i c  cond i t ions .  An imlx~r tan t  re ,s tere o f  t h ~  s t ud i e s  is t he  
c h a r a c t e r i z a t i o n  o f  e n z y m e ' s  as  e i t h e r  m e m b r a n e  b o u n d  or  .~ luble .  In  o rde r  to  m a k e  
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this  dis ~incti~m we h a v e  proce~.~ed cells in the  re , inner  de.~cribcd b y  Ho.~-r, 2OGERs 
A,~I~ ][t ' t ;HES z to  ob t a in  a c e l l - w a l l - m e m b r a n e  f rac t ion  and  a ~) luble  c y t o p l a s m i c  
f rac t ion .  

The  c e l t -wa l l -membrane  f rac t ion  (~f ae rob ica l ly  g r o w n  cell~ co n t a in s  t h e  b u l k  
<if the  , :y tochrornc  bz ; t l , :  r e m a i n d e r  o f  t he  b~ i.~ at l . ' tched to  p a r t i c u l a t e  d e r i v a t i v e s  
¢~f the  membrat~e  in the  c rude  cytt~pta_~mic ft 'act ion.  W h e n  the  par t ic le~ are  r e m o v e d  
f rom the  l a t t e r  f i 'action b y  c e n t r i f u g a l i o n  for severa l  hour s  a t  z4o ooo  × g, the  
~,,lubh: cyt~,plasmic f rac t ion  r e m a i n i n g  is c y t o c h r o m e  tree.. These  resu l t s  c o r r e s p o n d  
in eva're rt ,spcct to  those  o b t a i n e d  by  T I S S I E K E S  ~ w i th  E. coli " g h o s t s " .  

il / 
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N 
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Fig, z. T~iff~,rt.n~'t~ ~,pc:~:tr,z o f  1£. c01t. s t r a i n  K ~ .  fr~tt:ticm,~. {Sells w e r e  g r o w n  a n a e r t ,  b i c a l i y  ilncl~:t" 
N ,  o n  a s y n t h e t i t :  n'lt,tltlJni c o n t a i m r t g  o .o5  M N II4CI, o . o  4 M p o t a s s i u m  p h o s p h a t e  b u f f e r  (pI'-[ 7 ,z ) .  
o.-~5"~'~ K tut~c'~¢, a n O  5 l ld!l  ~d 'a  m i n e r a l  ~ [ t s  s t o c k  s o h l t i c m  (zo  g M g S f ) 4 .  7 H i ( J ,  z g ~Ir tCl ,*  4 1[~O. 
O+4 g J ; e S t ) a ' 7  |1=<'). az=tl t) t g CaCt= p e r  l i t e r ) .  T h e  p i t  o f  t h e  c u h u r c  wla~ m a i n t a i n e d  l ~ . t w e e n  
6 .0  a n d  7.0  d u r i n g  R r o w t h  b y  t h e  a d d i t i o n  tff N a ( ) l - l ,  Ce l l s  w e r e  h a r v e s t e d  d u r i n g  t h e  e x p D n e n t i a l  
pha.~: c~t g ro~ , ' t h  a*. a n  a b s o r b a n c y  o f  t). 5 {4zo  re!l) ,  w a s h e d  ' ~ s t h  t o  m M  | ~ t ~ t ~ i u m  p h o s p h a t e  
b u f l \ ' r  ( p H  7-5).  a.;~l ~ r e a t c d  t o  ' . i e ld  a c e l l - w a l l - m e m b r a n e  a n d  a c y t o p l m ~ m i c  f r a c t i o n  t.  D i f f e r e n c e  
s p c c t r a  ( o x i d i z e d  w i t h  f t ' r r i t :3anid~" ~'ct.'.;tts r c d u c e ~ l  w i t h  d i t h i o n i t e )  w e r e  t)l . tain~:,l  in  t h e  C~Lr~" 
;~ ,~h . I - l . t  re, c o r d i n g  s p e c t r t ~ p h o t o ~ t ~ e t c r  u s i l l g  t h e  o.o--o.  1.-o+~ ,~lide wzre.  C u r v e  ~. t h e  ce l l -~val l -  
m~,znl , ramr  f r a c t i o n .  Cur~ ' e  z. t h e  c r u d e  c y l ~ p l a s t n i c  f r a c t i o n ;  C u r v e  3. t h e  s o l u b l e  c y t o p l a s m i c  
f r~ . ' t i~ l l  ~[Jt;zin~,¢l f r o m  t i l e  ; r u d e  c y t o p l a s m  "t W c e n t r i f u g i n g  ft)r 4 h in  t h e  S p i n c o  p r e p a r - , t t i v e  

~:* 'n t r i f~ge ~ t  14~ c¢~o :< g t o  r e m o v e  p a r t i ¢ ' u l a t e  ma t t~z r  t : ~ m t a i n i n g  c y t o c h r o m e  bz. 

I-lowevcr,  when  s imi lar  s tud ies  were  ca r r i ed  ou t  us ing anacrtl t) ic cells, a n d  es- 
peel:ally cell.~ g rown  a n a e r o b i c a l l y  in a m ine ra l  .,~alts-gluc¢)se m e d i u m ,  art i m p o r t a n t  
differeno.e wa~ n o t e d  as is i . d i c a t e d  in Fig. I. T h e  c e l l - w a l t - m e m b r a n e  f r ac t ion  gives  
the  ~.arne s p e c t r u m  :is the :,.err>bit c e l l - w a l l - m e m b r a n e  f r ac t ion ,  a l t h o u g h  the  c y t o -  
c h r o m e  bt concer. tr~tt i tm is a lways  luwer  in preparat ion. , ;  f rom a n a e r o b i c a l l y  g ro w n  
cells. H o w e v e r .  the  c rude  cyto ,? lasmic  f rac t ion  shows b r o a d e r  ( )ver lapping  p eak s  
sh i f t ed  t o w a r d  sh t , r te r  wa , . e l eng ths  t h a n  the  c o m p a r a b l e  ae rob ic  p r e p a r a t i o n s .  
U p o n  cen tv i fuga t ion  at  high s p ~ ( l  a pa r t i c l e  f r ac t ion  c o n t a i n i n g  cy tochr t~me bz is 
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o b t a i n e d  as it wa~ before  wi th  c rude  cyt{+plaam f ram aerobic cells, bu t  the  ~f luble  
cy top l z~mic  f rac t ion  r emain ing  contaill~i a c - type  o , ' t . ~ h r o m e  not  p rev ious ly  ob- 
se rved  in the ac+r<,bic+celt c y t o p l a s m i c  fract ion.  This  c y t o c h r o m e  seems to be t ru ly  
soluble  s ince it is no t  . -edimcnted by  c e n t r i f u ~ a t k m  at  2eo ooo × .~ for 4 h. 

Inasmuc!~ a.~ t ) n r  obse rva t i ons  on this cyt<~:i,.r, rne c were l imited t,) the  Ktz 
s t r a in  o f  E .  coli. we pr+~c~eclcd to exam ine  o the r  species or  s t ra ins  of  F+nterobac- 
te r iaceae .  All of  the. mic roorgan i : ;ms  li~tcd in "FaMe I con ta in  ~oluble c v t o c h r o m e  c 
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g .  cob ,  [{ ta  . % y n t h c t i c  i .  ¢ ++4"" 
t£. colt. Lg S y n t h e t i c  o . i  7 
E.  coti .  XV b y n t h e t i c  o.,~ t~, 
I++ al~Jesce~ls, 

A ' [ ' C { 2  + 2 S I  "l .% .vn thu t i r  5 . 0  I O O  

F.. frtu~tdli .  
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+4 crobac ter  ¢loaeae,  
.V I 'CC  q b t  S y n t h e t i c  t o t 7 

.Jr~' :v, ,.+..=vJ;,l..a+c:Iv u++,~ 

+erogePloide$. 
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+ C o ! I s  +xc.+c g r o ~ v n  a n t i  p r tmL~.~cd  a.~ i n d i c a t e d  m F tq .  t t o  y i e l d  a c l a r i f i e 4  n~ , lub lo  vyt+>- 
pl ;L,+mic f r~ t t : t i on .  

"" C o n c e n t r a t i o n  r e l a t i v e  t o  /: ' .  a u r c s c r n s  i t t  l ( m .  
" "  H e c a u s e  o f  t h e  l i m t t e < l  g r o w t h  a n a e . ' o b i c a l l y  i n  t h e  ~ y n t l l e t i c  m e d i u m ,  I . . l ° ~  ca.~Arr, i n o  

ac id .~  { D i f c o )  r t : p l a t : e , |  th,~ N H t C I  i n  tilt+' .~yntht~ti¢:  t n t x l i u n ~ .  

when  g r o w n  a n a e r o b i c a l l y  on a s y n t h e t i c  mincra l  sal ts  gh,_co.~ med ium.  Escher i ch ig  
az~resce~s produce~  the great~-,t a m o u n t  o f  c-tyix,  cvt<>chrome a n d  is t im on ly  species 
wh ich  p r o d u c e s  d e t e c t a b l e  trace~ of  c ) ' t o c h r o m e  c aerobica l ly .  Because  o f  this  we 
c a n n o t  rule ot : t  t he  pcr-sibil i t )  t k a t  the  o t h e r  s t ra ins  m a y  p roduce  t races  o f  this 
c y t o c h r o m e  ae rob ica l ly  which  are t~s} small  to  be d e t e c t e d  by  our  in.~trurnents. 
The  h igh  c o n t e n t  o f  c y t ( x ' h r o m e  c in tim t t. aure.~cens ,o luble  c y t o p l a s m i c  fractio,L 
m a k e s  it possible tn  o b t a i n  sharlx,-r and  mnre. s y m m e t r i c a l  peaks  in the  slx-mtra 
(Fig. 2). I n  add i t i on ,  E. auresceus  cells are  p rov id ing  an  excel lent  source  o f  cv to-  
c h r o m e  c for pur i f ica t ion  work  and  for ~tudics on the  funt: t ion o f  this  e v t o c h r o m e  in 

a n a e r o b i c  metatmli.~m. 
In  s u m m a r y ,  E.  coil a n d  re la ted facu l ta t iw,  anae robes  c o n t a i n  a solub:,,: c :y i  m 

c v t o c h r o m e  when  c u l t i v a t e d  anae rob ica l ly  in a minera l  s a l t s -g lucose  med ium.  I t  is 
easi ly d e t e c t e d  if care  is takei ,  to  i ernnve the  m e m b r a n e - b o u n d  c y t o c h r o m e  bt 
wh ich  migh t  o the rwise  obscure  it. I t  has  an  a b a n d  at 5 5 L 5  rn~. a ~ b a n d  a t  523 m u, 
a n d  a Sore t  b a n d  a t  420 m/~ w h e n  reduced  or  at  4o,~ m 6  w h e n  oxidized.  I t s  s p e c t r u m  
is s imi lar  t o  the  c - type  c y t o c h r o m e  recen t ly  rcl~}rted * for g l u t a r n a , e - g r o w n  S a l m o n e l l a  
( v p h i m u r i u m  (a, 55I  rn~;  tt, 525 re.u; reduct~l 4115 m#,  ox id ized  4o9 m/l). In  re t rn-  
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l : i i .  2 A b s o r p t i o n  .~p~:ctra o f  .~,olublc cy top l a .~mic  f r '~c t ion  f r o m  1~+ aurescet ts  pre tm. red  ~.q d e s -  
c r i b e d  in F i g  i. A, ¢liffcrt.nc..: s p e c t r u m  o b t a i n e d  w i t h  t h e  o ~ o - i . o  2.0 s l ide  w i r e .  I n . ~ r t :  t i i f f e rence  
s p e c t r u m  of  a n o t h e r  p r t : l ~ r a t i t m  .~hc~'ing m o r e  d e t a i l  in  t h e  a a t td  ~ b a n d  r e g i o n  u s i n g  t h e  o . o - - o . z -  

o+2 s l ide  wi re .  ]3 . . . . . . . . . . . . .  o x i d i z e d  s p e c t r u m ;  . . . . . .  , r e ~ u c e d  s p e c t r u m .  

~pect,  the  faiturt~ to  ob.~v_rve a c - t y p e  c v t o c h r o m e  in the  f a c t t l t a t i v e  E n t e r o b a c -  
t e r i a c e a e  w i th  a cy t~)chr~me-b  I p a t t e r n  in the  p a s t  m a y  h a v e  b e e n  d u e  to  m a s k i n g  
b y  l~rge a m o u n t s  nf  c y t o - h r ( ~ m e  b, o r  to  o b s e r v a t i o n s  on  celLs g r o w n  u n d e r  c(m- 
di t ion~ where  c y t o c h r o m e  ¢ p r n d u c t i o n  is low. 

Th i s  w o r k  was  .~uplx~rted in p a r t  b y  g r a n t s  f r o m  the  N a t i o n a l  .%cie:~.,',- F o u n -  
d a t i o n  (G-x5546) a n d  the  N a t i o n a l  l n s t i t u t e ~  o f  H e a l t h ,  U.S.  P u b l i c  H e a l t h  Se rv i ce  
(E.43,39). Th~ a a t h o r s  a re  i n d e b t e d  to  l)r.  I.. SMITer for  useful  di .~cu~ions.  
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