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t ion  is f u r t h e r  pur i f ied  on a S e p h a d e x  G-IO c o l u m n  (S igma 
Chem.  Co., St. Louis ,  Mo.). F ina l  pur i f i ca t ion  of t he  ac t ive  
f r ac t ion  f r o m  th e  G-10 c o l u m n  is ach ieved  u s i n g  a h i g h  
p res su re  silica gel (5 txm) c o l u m n  s. 
W h e n  t h e  pur i f ied  t r ipep t ide  was  m i x e d  w i th  an  equi-  
mo la r  a m o u n t  of s y n t h e t i c  g lycy l -h i s t idy l - lys ine  a nd  
c h r o m a t o g r a p h e d  on t h i n - l a y e r  silica gel p la tes  ( P o l y g r a m  
Sil G, 0.25 m m ,  M a c h e r e y - N a g e l a n d  Co., Duren ,  Federa l  
Repub l i c  of G e r m a n y )  on ly  one r e s u l t a n t  spo t  was  found  
(solvent :  CHCla /MeOH/17 % N H 4 O H :  2/2/1 b y  vo lume) .  
W h e n  the  s a m e  e x p e r i m e n t  was  done  w i th  s y n t h e t i c  
g lycy l - lysy l -h i s t id ine ,  the  n a t i v e  fac tor  and  t he  s y n t h e t i c  
could  be n a r r o w l y  sepa ra t ed .  
The  sequence  was  e luc ida ted  b y  m a n u a l  E d m a n  degra-  
da t i o n s  a n d  C- t e rmina l  ana lys i s  u s ing  c a r b o x y p e p t i d a s e  
B. Pur i f ied  n a t i v e  G H L  (40 nmoles)  was  sub j ec t ed  to m a n -  
ua l  E d m a n  d e g r a d a t i o n s  9 and  t he  r e su l t i ng  P T H  a m i n o  
acids  were ident i f ied  and  q u a n t i t a t e d  b y  gas  1~ and  t h i n  
l ayer  c h r o m a t o g r a p h y  n .  Af te r  t he  f i rs t  cycle of the  Ed-  
m a n  d eg rad a t i o n ,  19.6 nmoles  of g lycine  was  ob t a ine d  

Release of free amino acids from the COOH-terminus of native GHL 

15 see 60 sec 10 rain 2 h 

Lysine 1.00" 1.00 1.00 1.00 
Histidine 0.69 0.73 0.79 0.96 

* Molar ratio of amino acids, taking lysine as 1.00 in each time period. 

a n d  af te r  t he  second  cycle  5 nmoles  of h i s t id ine  were ob- 
t a i ne d  as t he  on ly  de t ec t ab l e  P T H  a m i n o  acids  a t  each  
s tep.  To  more  f i rmly  e s t ab l i sh  the  C- t e rmina l  s e que nc e  of 
G H L ,  t he  n a t i v e  pep t ide  was  d iges ted  w i th  c a r b o x y p e p t i -  
dase  B for per iods  of 15 sec to 2 h. The  t i m e  d e p e n d e n t  
l ibera t ion  of lys ine  a n d  h i s t id ine  f rom n a t i v e  pe p t i de  is 
p r e se n t e d  in t he  table .  The se  resu l t s  are c o n s i s t e n t  w i t h  a 
C- t e rmina l  d ipep t ide  sequence  of H i s - L y s  a nd  con-  
c lus ive ly  d e m o n s t r a t e s  t he  s t r u c t u r e  of th i s  g r o w t h  s t im-  
u l a t i ng  pep t ide  to be H - G l y - H i s - L y s - O H .  

1 Acknowledgment. This work was supported by grants from the 
U.S. Public Health Service (HD-03148 and P17AM 18520) and 
from the National Cancer Institute (NO-1-CB53868). 

2 L. Pickart and M. M. Thaler, Nature New Biol. 234, 87 (1973). 
3 M.M. Thaler and L. Pickart, in: Gene Expression and Carcino- 

genesis in Liver Cell Culture, p. 292. Ed. L. Gerschenson and 
T. Gelehrter. Academic Press, London and New York 1975. 

4 L. Pickart, L. Thayer and M. M. Thaler, Biochem. biophys. Res. 
Commun. 54, 562 (1973). 

5 M. Sense~brenner, G. G. Jaros, G. Moonen and P. Mandel, 
Neurobiology 5, 207 (1975). 

6 K. Slotta, A. L. Golub and V. Lopez, Hoppe-Seylers Z. Physiol. 
Chem. 356, 367 (1975). 

7 M.M. Thaler and L. Pickart, Gastroenterology 71, 931 (1976). 
8 L. Piekart and M. M. Thaler, Prep. Biochem. 5, 397 (1975). 
9 D.H. Schlesinger, H. D. Niall and G. Goldstein, Biochemistry ld, 

2214 (1975). 
10 J . J .  Pisano and T. J. Bronzert, J. biol. Chem. 2dd, 5597 (1969). 
11 P. Edrnan, in: Protein Sequence Deternlination: a Sourcebook 

of Methods and Techniques, p. 211. Ed. S. B. Needlenlan. 
Springer-Verlag, New York 1970. 

E f f e c t s  of  d i e t h y l s t i l b e s t r o l  on the  p r o d u c t i o n  of v a r i o u s  e x t r a c e l l u l a r  p r o d u c t s  of 
S t a p h y l o c o c c u s  a u r e u s  1 

W. Yot is  

Department o/Microbiology, Stritch School o/Medicine, Loyola University o/ Chicago, 2160 South trirst A venue, Maywood, 
Illinois 60153 (USA),  13 August 1976 

Summary. T h e  s y n t h e t i c  e s t rogen  d ie thy l s t i l bes t ro l  a t  a s u b i n h i b i t o r y  level  of 1.75 [xg/ml d imin i she d  the  p r o d u c t i o n  
of s t ap h y lo co cca l  a l pha  tox in ,  coagulase ,  deoxy r i bonuc l e a se  a nd  penici l l inase.  Thus ,  the  repor ted  h o s t  benef ic ia l  
effects  of d i e thy l s t i l bes t ro l  m a y  be pa r t i a l l y  re la ted  to  its r e t a rd ive  ac t ion  of ce r t a in  tox ins ,  or e n z y m e s  of S. au reus .  

T he  b iochemica l  ac t ion  of h o r m o n e s  on m a m m a l i a n  2 5 
a n d  mic rob ia l  ceils s h a v e  been  a d e q u a t e l y  reviewed,  
s h o w n  to in f luence  t he  m e t a b o l i s m  of these  ceils a n d  
s u g g e s t  t h a t  t h e y  m a y  be of i m p o r t a n c e  in a h o s t  pa ra s i t e  
re la t ionsh ip .  
D ie thy l s t i l be s t ro l  (DS) is used  as r e p l a c e m e n t  t h e r a p y  in 
e s t rogen  def ic iency,  in c a r c i n o m a  a n d  is now also em-  
p loyed  in a da i ly  dose of two 25 m g  pills for pos t co i t a l  
con t r acep t ion .  I n v e s t i g a t i o n s  in th i s  l a b o r a t o r y  ind ica ted  
t h a t  in jec t ion  of g o n a d a l  h o r m o n e s  to  r a b b i t s  a n d  mice 
e n h a n c e d  t h e  res i s t ance  of t hese  a n i m a l s  to  i nduc e d  
s t a p h y l o c o c c a l  infectionsS, L The  p r e s e n t  i n v e s t i g a t i o n s  
s u g g e s t  t h a t  t h e  r epo r t ed  h o s t  benef ic ia l  ac t ions  of D S  
a n d  o the r  g o n a d a l  h o r m o n e s  m i g h t  be pa r t i a l l y  re la ted  to  
i ts  in te r fe rence  w i t h  the  p r o d u c t i o n  of va r i ous  t o x i n s  or 
p r o d u c t s  of S. aureus .  
A s s a y  of t h e  s u b i n h i b i t o r y  levels of DS.  As a p re lude  to 
t h e  s tud ies  r e l a t ed  to t he  ac t ion  of DS  on t he  s y n t h e s i s  of 
s t ap h y lo co cca l  p r o d u c t s  the  s u b i n h i b i t o r y  doses  of D S  
were d e t e r m i n e d .  The  s y s t e m  c o n t a i n e d  1000 ml  of t he  
a p p r o p r i a t e  cu l tu re  m e d i u m  in a 2500 ml  E r l e n m e y e r  
f lask,  DS a t  a f inal  c o n c e n t r a t i o n  of 0-2  txg/ml, and  an  

i n o c u l u m  of a p p r o x i m a t e l y  1 • 100 colony f o r m i n g  u n i t s  of 
S. aureus .  F l a s k s  were i n c u b a t e d  on a r o t a r y  s h a k e r  a t  
37~ po r t ions  were r e m o v e d  a t  v a r y i n g  t ime  in t e rva l s  
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and  assayed  tu rb imet r ica l ly ,  g rav imet r ica l ly  and by 
viable counts .  The resul ts  of t he  tu rb id ime t r i c  expen~ 
m e n t s  are shown in table 1. A t  the  concen t ra t ions  em- 
p loyed DS did no t  inh ib i t  the  g rowth  of S. aureus. Gray]- 
met r ic  and  viable c o u n t  expe r imen t s  yie lded similar  
results.  
DS and  p roduc t ion  of a lpha  toxin .  Staphylococci  produce 
a va r i e ty  of toxins  and  enzymes  which have  been  associ- 
a ted  wi th  the i r  pa thogenic i ty .  The a lpha  tox in  is endowed 
wi th  lethal,  de rmonecro t i c  and  hemoly t i c  action.  The 
act ion of DS on tile syn thes i s  of a lpha  toxin  was assessed. 
Stage four a lpha  tox in  was p repa red  and  assayed b y  the  
m e t h o d  of Bernhe imer  and Schwar tz  s. Table  2 indicates  
t h a t  DS a t  the  sub inh ib i to ry  level of 1.75 ~zg/ml d imin-  
ished the  syn thes i s  of alpha toxin.  The specif ici ty and  
i den t i t y  of a lpha  tox in  is fu r the r  subs t an t i a t ed  by  a lpha  
tox in  neut ra l iza t ion  studies.  The infer ior i ty  of the  tox in  
produced  in the  presence  of DS  was indica ted  by  the  
f inding t h a t  hemolys is  of r abb i t  e ry th rocy te s  by  a lpha  
tox in  f rom contro l  cu l tures  occurred in the  presence of a 
1:16 di lut ion of specific an t ibody ,  while a di lut ion of 
1:128 of the  same a n t i b o d y  was required to allow lysis 
of the  e ry th rocy te s  by  a lpha  tox in  p repa red  f rom cul tures  
conta in ing  1.75 [xg/ml D S  

Table 1. Growth of S. aureus in brain heart infusion broth 

Diethylstilbestrol Klett reading at various hours 
~gjml 0 2.5 3.5 4.5 6 10 

0 0 40 93 219 335 440 
1.5 0 44 90 216 365 445 
1.75 0 40 91 218 360 460 
2.0 0 35 91 206 355 440 

Table 2. Effect of DS on the synthesis of various toxins or products 
of S. aureus 

Parameter assessed Alpha toxin synthesized 
at 9-10 h 
Control 1.75 [zg/ml DS 

Mg dry wt cells ml of medium 1.5 1.6 
ptg stage 4 purified toxin/ml of medium 19 11 
Reciprocal of hemolytic titer/mg 
of toxin 1280 160 
Dermoneerosis in cmZ/~zg of toxin 1.4 0.0 

Parameter assessed Coagulase produced at 
10 h 
Control 1.75 [xg/ml DS 

Units of coagulase/ml protein 
Mg dry wt cells/ml of medium (BHI) 

Parameter assessed 

48,761 14,628 
1.17 1.20 

DNA-ase formed at 
9-10 h 
Control 1.75 ~xg/ml DS 

[zg of partially purified DNA-ase/ml 
of medium 
Relative viscoeity of DNA at 15 min 
incubation with 1.8 [zg DNA-ase 
Mg dry wt of cells/ml of medium 

Parameter assessed 

47 4O 

50 66 
2.1 2.1 

Penici!linase synthesized 
a t 9 h  
Control 1.75 [zg/ml DS 

Units of penicillinase per liter of 
culture supernatant 
Mg dry wt of cells/ml 

540 200 
3.07 3.14 

Ef fec t  of DS on the  synthes is  of purif ied coagulase. Cor- 
re la t ion be tween  the  pa thogen ic i ty  of cer ta in  s t ra ins  of 
s taphylococcus  and  the i r  abi l i ty  to  produce  coagulase has  
inci ted in teres t  in th is  macromolecule .  Pur i f ied  coagulase 
was p repa red  and  assayed by  the  m e t h o d  of Tager  9. I t  can 
be seen in table  2 t h a t  coagulase p roduced  in the  absence 
of DS con ta ined  48,761 c lo t t ing  uni ts  and  only 14,628 
uni ts  per  mg of purif ied p ro te in  in t he  presence of 
1.75 vg/ml  DS. The t i t e r  of coagulase p repa red  in t he  
absence of DS and  exposed subsequen t ly  to  2 ~g/ml DS  
was in every  case eqt~al to t h a t  of the  cont ro l  suggest ing 
t h a t  once coagulase had  been formed add i t ion  of DS 
could no t  influence the  ac t iv i ty  of t he  molecule. A similar  
s i tua t ion  was encoun te red  wi th  a lpha  toxin .  The scanning 
isoelectric pa t t e rn  of b o t h  p repara t ions  assayed by the  
m e t h o d  descr ibed by Cats impoolas  1~ indica ted  no dif- 
ferences in the  e lec t rophore t ic  mobi l i ty ,  composi t ion,  or 
the  isoelectric po in t  of the  2 coagulase prepara t ions .  The 
isoelectric p a t t e rn s  of b o t h  coagulases showed 2 major  
and at  least  5 minor  componen t s .  
DS and synthes is  of DNA-ase .  Deoxyr ibonucleases  p lay  
a p r o m i n e n t  role in cellular metabo l i sm.  In  addi t ion.  
there  is correlat ion be tween  DNA-ase  ac t iv i ty  and posi- 
t ive  coagulase react ion which  appears  to  be useful for 
iden t i fy ing  the  species of S. aureus.  DNA-ase  prec ip i ta ted  
wi th  s a tu ra t ed  a m m o n i u m  sulfate  13 f rom cul ture  super-  
n a t a n t s  of S. aureus Georgio s t rain,  grown for 9-10 h , in  
bra in  hea r t  infusion bro th  wi th  1.75 g.g/m] D S  was less 
a b u n d a n t  and no t  as act ive 1, as the  cor responding  mole- 
cule isolated f rom contro l  cul tures  (table 2). 
The ac t ion  of DS on penicill inase. An effor t  was also 
made  to  de te rmine  if DS could inf luence the  synthes is  
and /or  ac t iv i ty  of penicil l inase 15,16 The results  of these  
s tudies  p resen ted  in table  2 indica te  t h a t  under  the  ex- 
pe r imen ta l  condi t ions  DS at  t he  sub inh ib i to ry  concen-  
t r a t i on  of 1.75 [xg/ml had  a re ta rd ive  act ion on the  forma-  
t ion of penicil l inase.  
I t  is general ly  agreed t h a t  it  is usual ly the  qual i ty  and  
q u a n t i t y  of a given toxin,  which  is of ge rmane  impor tance  
in the  ou tcome  of an infect ious process. The d a t a  recorded 
in this  pape r  d e m o n s t r a t e  t h a t  b o t h  the  e labora t ion  as 
well as the  ac t iv i ty  of cer ta in  ext racel lu lar  products  of 
s taphylococci ,  which  may  be con t r ibu t ing  to  the pa tho -  
genic i ty  of s taphylococci ,  are adverse ly  inf luenced by  the  
presence of sub inh ib i to ry  levels of DS dur ing  their  for- 
ma t ion ;  and  suggest  t ha t  the r epor ted  ~ hos t  beneficial  
act ions of DS and  o ther  gonada l  h o rmo n es  might ,  be 
par t i a l ly  related to  the  re ta rd ive  act ion of hormones  on 
the  p roduc t ion  of cer ta in  toxins ,  or enzymes  of S. aureus. 
Fu r the rmore .  i t  would appear  t h a t  s taphylococci  provide  
useful expe r imen ta l  models  in assaying the  as ye t  poor ly  
unders tood  biochemical  act ions  of the  now widely em- 
ployed con t racep t ive  hormones .  
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