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on Gas Chrom Q. The major  peak  (95% of the  mass  of the  
sample) had  the  same re t en t ion  t ime  as cholesterol  
aceta te .  A minor  peak  was p resen t  wi th  a r e t en t ion  t ime  
of 0.18 ' relat ive to cholesterol  acetate .  This c o m p o n e n t  
behaved  in a m a n n e r  s imilar  to  cholestane,  leading to  the  
conclusion t h a t  i t  was a h y d r o c a r b o n  of some sort .  

Mass s p e c t r o m e t r y  of the  br ine sh r imp  sterol  ace ta te  
was pe r fo rmed  by  the  Morgan-Schaefer  Corp. (Montreal, 
Quebec).  The s p e c t r u m  obta ined ,  agreed well w i th  a 
spec t rum  of cholesterol  ace ta te  1l. A second pa r en t  ion was 
found at  m/e 430 ind ica t ing  t h a t  cholestanol  (cholestane- 
3-oi) was present .  This is no t  surpr iz ing as choles tanol  
ace ta te  is poor ly  sepa ra ted  f rom cholesterol  ace ta te  in 
mos t  gas ch roma tog raph ic  sys tems  t~. 

On the  basis of these  studies,  we have  concluded t h a t  
the  sterol  f ract ion of A. salina f rom Mono Lake is com- 
posed p r imar i ly  of cholesterol  w i th  a s ignif icant  per-  
centage  of choles tanol  also present .  The minor  c o m p o n e n t  
on the  gas c h r o m a t o g r a p h  m a y  have  been c a n t h a x a n t h i n  
or ano the r  caro ten iod  c o m m o n l y  p resen t  in br ine sh r imp  13 

I t  is diff icul t  to compare  the  results  of the  p resen t  
s tudy  wi th  those  of o ther  workers  as the  popu la t ion  of 
br ine sh r imp  used here is physiological ly d i s t inc t  ~, 2 from 
those  used in o the r  studies.  In  addi t ion,  TYsoN ~4 has 
obserged  a spi rochete- l ike  organism in t he  t issues of some 
specimens  of A. salina. As our shr imps  were ha rves t ed  
f rom a na tu ra l  source, we canno t  rule out  the  poss ibi l i ty  
that infec ted  individuals were present .  

TESHIMA a n d  ~4~ANAZAWA t5 have  d e m o n s t r a t e d  t h a t  
A. salina can conver t  d i e t a ry  ergosterol  into cholesterol .  
In  this  s t u d y  gas ch roma tograph ic  da ta  was p re sen ted  
showing cholesterol  to  be the  only  sterol  in Euglena-fed 

brine shr imp.  However ,  the i r  sys tem,  like ours, would  have  
separated cholesterol  and choles tanol  wi th  di f f icul ty  1~. 
Assuming  t h a t  choles tanol  was also p resen t  in the i r  
s terol  sample,  it  now appears  ev iden t  t h a t  t he  ex t r eme  
e n v i r o n m e n t  of Mono Lake  has no t  required a change  in 
the  qua l i ta t ive  sterol  compos i t ion  oI A. salina. 

Zusammen/assung. Artemis salina v o m  Mono-See,  Ka-  
lifornien, U.S.A. ,  enh~l t  Cholester in und  Cholestanol  als 
ihr  haupts~tchlichstes Sterin.  Diese Z u s ammen s e t zu n g  ist 
~hnlich wie die jenige yon im L a b o r a t o r i u m  erzeugten  
Sa l z -Krabben  und zwar  t r o t z d e m  das Wasser  des Mono- 
Sees ein p H  yon 9.6 und einen Salzgehal t  yon 2.23 M h a t  ~6. 
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A Site of Act ion of Light  on 14C-Acetate Incorporat ion into H u m a n  Skin  Sterols  

I t  was recent ly  shown t h a t  b road  spec t rum l ight  caused 
marked  reduct ions  in the  level of ~4C-acetate incorpora ted  
in to  sterols  of h u m a n  skin 1. Incorpora t ion  of ace ta te  in to  
o ther  classes of l ipids was s imilar ly  af fec ted  by  light. 
E x a m i n a t i o n  of the  sterol  b iosyn the t i c  p a t h w a y  revealed 
t h a t  l ight  had  no effect  on the  incorpora t ion  level of 
mevalona te ,  the  c o m m i t t e d  s tep  in sterol  synthes is .  Nor 
were there  s ignif icant  effects upon resp i ra to ry  ra tes  of 
i r rad ia ted  tissues. I t  was suggested,  f rom these  observa-  
t ions, t h a t  the  inh ib i to ry  effect  of l ight  was a t  a commo n  
po in t  in t he  l ipid syn the t i c  p a t h w a y s  and p robab ly  in- 
volved ace ta te  ac t iva t ion  or the  avai labi l i ty  of acetyl  
Coenzyme A pools ot sufficient  size to susta in  endogenous  
lipogenesis.  Because suff ic ient  quan t i t i e s  of f resh h u m a n  
skin were no t  avai lable  for isolat ion and  direct  measure-  

m e n t  of ace ta te  ac t iva t ing  enzyme,  indi rec t  lines of 
evidence were sought  to e lucidate  the  specific site(s) of 
act ion of l ight  upon skin l ipogenesis  and  to assess the i r  
physiological  impor tance .  

Materials and methods. Fresh  h u m a n  skin was obta ined,  
i r radia ted,  and  processed exact ly  as previous ly  descr ibed ~. 
After  i r rad ia t ion  the  skin spec imens  were placed in 15 ml 
manome t r i c  flasks conta in ing  2.0 rnl of Krebs -R inge r  
p h o s p h a t e  buffer,  p H  7.4, 2 m M  glucose, and  the  ap-  
p ropr ia te  radio- label led in t e rmed ia t e  or precursor .  In  

1 H. S. BLACK and E. W. RAUSCHKOLB, J. Invest. Derm. 56, 387 
(1971). 

Table I. Incorporation of exogenous aH-acetyl CoA into skin sterols a 

Incubation (min) cpm/100 mg tissue wt. 

45 237 
90 261 

180 388 
360 1,394 

Free sterols were isolated from total lipid extracts by thin layer 
chromatography. The chromatograms were developed in a 1,2- 
dichloroethane solvent system. 

Table II. Effects of broad spectrum light on aeetyl Co A incorpora- 
tion into skin sterols 

cpm/100 mg tissue wt. 

ltC-acetate aH-acetyl Co A 

Control 6,240 (--79%) 1,075 (--25%) 
Irradiated 1,292 0,808 

Values represent the mean of 3 experiments. Final concentration ol 
aH-aeetyl Co A was 2.5 • 10-6M. 
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some cases th i s  cons is ted  of aH-Acety l  Coenzyme A 
{1.2 Ci /mmoles)  a t  a f inal  c o n c e n t r a t i o n  of 2.0 • 10 -~M or 
i b~C of l~C-acetate (52.9 mCi /mmoles) .  O the r  f lasks con- 
t a i n e d  non- labe l led  ace ty l  Co A a t  c o n c e n t r a t i o n s  r ang ing  
f rom 1 • 10 -~ to  2.5 • 1 0 - 6 M  and,  in add i t ion ,  1 btC of 
14C-acetate. Pyruvate-2-*4C was used in some s tudies  
(1 b~C; 4.04 mC/m2VI). The f lasks  were s h a k e n  (120 s t rokes /  
rain) on a Gilson resp i ron le te r  for 6 h a t  37~ Af ter  t h e  
i n c u b a t i o n  per iod t he  reac t ions  were ha l ted ,  t he  t i ssue  
sec t ioned  on a f reezing s tage  mic ro tome,  and  to t a l  l ip ids  
e x t r a c t e d  2. Free  s terols  were i so la ted  as t he  d ig i ton ides  a. 
Al iquo ts  of a c h l o r o f o r m - m e t h a n o l  so lu t ion  (2:1 v/v)  of 
t h e  d ig i ton ides  were dr ied  u n d e r  n i t rogen  and  levels of 
r a d i o a c t i v i t y  d e t e r m i n e d  b y  l iquid  sc in t i l l a t ion  spect ro-  
me t ry .  Coun t ing  efficiencies for 14C a n d  aH were 83% and  
34%, respect ively .  

Results  and discussion. T he  syn thes i s  of ace ty l  Co A is 
k n o w n  to resu l t  f rom the  d e g r a d a t i o n  of c a r b o h y d r a t e s  or 
glucogenic a m i n o  acids, v i a  p y r u v i c  acid, as well as f rom 
the  ox ida t ion  of f a t t y  acids. I n  r o d e n t  skin  t he  p r inc ipa l  
sources  of s u b s t r a t e s  for  endogenous  ox ida t ion  are  l ipids  4. 
These  ox ida t ions  occur  i n t r a m i t o c h o n d r i a l l y  and  resu l t  in 
f o r m a t i o n  of acetyI  Co A, t h e  p recursor  for l ipogenesis.  On 
t he  o the r  h a n d  mos t  l ipid syn thes i s  occurs  e x t r a m i t o -  
chondr i a l l y  and  p r o b a b l y  requi res  m i t o c h o n d r i a l  p roduced  
ace ty l  Co A. I t  was  shown  t h a t ,  in  t h e  case of r a t  l iver,  
ace ty l  Co A diffuses across the  m i t o c h o n d r i a l  m e m b r a n e  
v e r y  slowly and  t he  r a t e  of d i f fus ion of ace ty l  Co A could 
no t  a c c o u n t  for t he  r a t e s  of l ipogenesis  observed .  The  
a l t e r n a t i v e  poss ibi l i t ies  for f o r m a t i o n  of l ipogenic  sus ta in-  
ing levels of e x t r a - m i t o c h o n d r i a l  ace ty l  Co A h a v e  been  
discussed 5. 

Table III. Effects of aeetyl Co A on 14C-acetate incorporation into 
sterols by irradiated skin 

cpm/100 mg tissue wt. 

Treatment l~C-aeetate laC-acetate 
+ acetyl Co A 

1 Control 4,811 6,251 
Irradiated 1,367 (--70%) 0,712 (--89%) 

2 Control 5,183 4,970 
Irradiated 2,204 (--57%) 2,743 (--45%} 

3 Control 4,975 3,183 
Irradiated 1,270 (--75%) 0,772 (--76%) 

Values are from single experiments. Concentrations of non-labelled 
acetyl Co A are 2.5 • 10-6M, 5 • 10 SM, and 1 • 10 aM for treatments 
1-3, respectively. 

Regard less  of t h e  m e c h a n i s m  invo lved  for t he  t r a n s f e r  
of m i t o c h o n d r i a l  ace ty l  Co A to t he  si tes of s terologenesis ,  
we h a v e  shown  t h a t  exogenous  ace ty l  Co A does diffuse 
in to  h u m a n  skin  slices and  is i nco rpo ra t ed  in to  s terols  
(Table  I). W h e n  i r r ad i a t ed  skin spec imens  were i n c u b a t e d  
in t he  presence  of t r i t i a t e d  ace ty l  Co A only  25 % inh ib i t i on  
of i so tope  i nco rpo ra t i on  occured as c o m p a r e d  wi th  79% in-  
h i b i t i o n  o b t a i n e d  w i t h  label led  ace t a t e  (Table  II) .  If  ava i l -  
ab i l i ty  of ace ty l  Co A is t h e  r a t e - l i m i t i n g  s tep  for s terolo-  
genesis  in  i r r ad i a t ed  skin t h e n  t h e  s l ight  i n h i b i t i o n  (abou t  
30% of t h a t  o b t a i n e d  w i t h  ace ta te)  observed  w i t h  label led  
ace ty l  Co A could r ep re sen t  i nab i l i t y  to  ove rcome  th i s  s tep  
due to low di f fus ion  ra t e s  of exogenous  ace ty l  Co A in to  
t he  t issue.  A l t e r n a t i v e l y  t he  res idua l  i n h i b i t i o n  could re- 
p r e sen t  a second m i n o r  si te  of i n h i b i t i o n  f rom ace ty l  Co A 
to m e v a l o n a t e .  The  fact,  however ,  t h a t  70% of t he  usua l  
i n h i b i t o r y  effect  was no t  p r e sen t  w h e n  s terologenesis  was  
t r aced  w i th  ace ty l  Co A, ind ica tes  t h a t  t he  p r inc ipa l  
i n h i b i t o r y  site(s) of l igh t  on  s terologenesis  is pr ior  to  t he  
f o r m a t i o n  of ace ty l  Co A. W i t h  t h e  knowledge  t h a t  70% 
of the  i n h i b i t o r y  effects of l igh t  were nega t ed  w h e n  sterolo- 
genesis was  fol lowed b y  i nco rpo ra t i on  of exogenous  ace ty l  
Co A, skin  slices were i n c u b a t e d  in t he  presence  of severa l  
c o n c e n t r a t i o n s  of non- labe l l ed  ace ty l  Co A in add i t i on  to  
14C-acetate. As shown in Tab le  I I I  t h e  i n h i b i t o r y  effect  
of l igh t  on ~4C-acetate i nco rpo ra t i on  in to  t he  s terol  frac- 
t ion  was no t  af fected b y  a n y  of t he  c o n c e n t r a t i o n s  of 
ace ty l  Co A tes ted .  These  d a t a  i nd i ca t e  t h a t  a ce t a t e  
a c t i v a t i o n  is the  r a t e - l i m i t i n g  s tep  of s terologenesis  in 
i r r a d i a t e d  skin r a t h e r  t h a n  ace ty l  Co A pool  size. 

The  i nco rpo ra t i on  ra t e s  of 14C-acetate should  paral le l ,  
b u t  no t  necessar i ly  reflect ,  t h e  ac tua l  r a t e  of l ipogenesis  ~, v. 
I t  has  been  a rgued  t h a t  glucose is t h e  p r i m a r y  s u b s t r a t e  
for l ipogenesis  in  skin  s. In  our  ear l ier  s tud ies  t he  experi-  
m e n t a l  cond i t ions  exc luded  t he  add i t i on  of glucose to  t h e  
i n c u b a t i o n  m e d i u m  of t h e  skin  slices and  hence  should  
reflect,  a f t e r  1 to  2 h i n c u b a t i o n  w h e n  endogenous  glucose 
would  be  exhaus t ed ,  l ipogenic  levels s u p p o r t e d  f rom the  
ox ida t i on  of l ipids.  W e  h a v e  found,  as h a v e  others ,  t h a t  
t he  add i t i on  of glucose to  t h e  i n c u b a t i o n  m e d i u m  of 
excised skin  g rea t ly  enhances  t h e  i nco rpo ra t i on  levels of 
ace ta te .  However ,  t he  add i t i on  of glucose does no t  a l t e r  
t he  effect  of l igh t  upon  ace t a t e  incorpora t ion .  F u r t h e r -  
more,  w h e n  p y r u v i c  acid is used to t r ace  sterologenesis ,  
t he  effects of l igh t  upon  i nco rpo ra t i on  of th i s  glycolyt ic  
e n d - p r o d u c t  is v e r y  s imi la r  to  t h a t  of ace t a t e  (Table  IV). 
The  effect  of l igh t  u p o n  p y r u v i c  acid i nco rpo ra t i on  in to  
s terols  could resu l t  f rom inh ib i t i on  of p y r u v i c  acid de- 
ca rboxy la t ion .  Al t e rna t ive ly ,  be ing  on ly  a few s teps  re- 
m o v e d  f rom ace ty l  Co A i t  m i g h t  ref lect  t h e  i m p o r t a n c e  
of a ce t a t e  as an  i n t e r m e d i a t e  in  s terologenesis .  I n  skin, if 
e x t r a m i t o c h o n d r i a l  ace ty l  Co A is fo rmed  b y  t he  ac t iva -  
t ion  of ace t a t e  der ived  f rom m i t o c h o n d r i a l  ace ty l  Co A, 
t h e  i n h i b i t o r y  effect  of l igh t  on  ace t a t e  a c t i v a t i o n  could 

Table IV. A comparison of the effects of broad spectrum light on 
incorporation of 14C-acetate and 14C-pyruvate into human skin 
sterols 

cpm/100 mg tissue wt. 

Acetate Pyruvate 

Control Irradiated Control Irradiated 
2844 667 587 194 
(--76.6%) (--69.8%) 

Values represent the mean of 3 experiments. 
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resu l t  in  a s u b s t a n t i a l  effect  u p o n  Iipogenesis.  A l t h o u g h  
t he  p re sen t  d a t a  ind ica te  t h a t  one i n h i b i t o r y  si te  of ac t ion  
of l igh t  is u p o n  ace t a t e  a c t i v a t i o n  t h e y  do no t  p rec lude  
a n  effect  on  o the r  suscep t ib le  si tes p r io r  to  t h e  f o r m a t i o n  
of ace ty l  Co Ag. 

Zusammen/assu~g. Die S y n t h e s e  y o n  S te ro len  in 
mensch l i che r  H a u t ,  welche im langwel l igen  Spek t ra l -  
bere ich  b e s t r a h l t  w o r d e n  war,  wurde  m i t  r a d i o a k t i v  mar -  
k i e r t e m  Acetyl-Co A, A c e t a t  a n d  P y r u v a t  gepri lf t .  Von  
Acetyl-Co A k o n n t e  n u r  ger inge H e m m u n g  nachgewiesen  
werden,  w~thrend L ich t  eine m e r k b a r e  H e m m u n g  yon  
A c e t a t  u n d  P y r u v a t i n k o r p o r a t i o n  ve ru r sach t e .  Die Re-  

su l fa te  lassen v e r m u t e n ,  dass  die A c e t a t a k t i v i e r u n g  die 
yon  L ich t  bee in f lussbare  Stufe  in der  B io syn the se  yon  
Stero len  ist. 

H. S. BLACK, J.  D. SMITH, 
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Keratin Decomposition by Dermatophytes: Evidence Of the Sulphitolysis of the Protein 

D e r m a t o p h y t e s  are capab le  of decompos ing  kera t in ,  
r e s i s t a n t  sc le ropro te in  v e r y  r ich  in cyst ine .  Never the less ,  
t h e  m e t a b o l i s m  of su l phu r  in these  fungi  has  been  g iven  
sma l l  a t t e n t i o n  so i a r  1-~. Therefore ,  we e x a m i n e d  the  
g r o w t h  of t he  d e r m a t o p h y t e  Microsporum gypseum on 
med ia  c o n t a i n i n g  0.1% cyst ine .  As bas ic  nu t r i en t s ,  t he  
med ia  c o n t a i n e d  1% gelat in,  s e rum a l b u m i n  or casein or 
0 .8-1 .0% glucose c o m b i n e d  w i t h  0 .1 -0 .4% pep tone ,  
g lu tamin ,  u r ea  or (NH4)2HPO ~. On all  media ,  cys t ine  was 
i n t ens ive ly  me tabo l i z ed  a n d  i ts  s u l phu r  a lmos t  quan -  
t i t a t i v e l y  c o n v e r t e d  to  su lpha t e  excre ted  in to  t h e  cu l tu re  
fluid. A p a r t  f rom su lpha t e  as f ina l  ox ida t i on  p roduc t ,  we 
h a v e  also found  su lph i t e  in  some cu l tu re  f i l t ra tes .  I t  used 
to  a p p e a r  in  a m o u n t s  of severa l  t en s  up  to h u n d r e d s  
#g /ml .  I n  m o s t  of t h e  media ,  no free su lph i te  could be  
de t ec t ed  in  a n y  p h a s e  of t h e  growth .  However ,  consid-  
e rable  a m o u n t  of th i s  c o m p o u n d  was found  a f te r  t r ea t -  
m e n t  b y  a lka l ine  cyan ide  (NaCN, f ina l  c o n c e n t r a t i o n  
0 . 5 % ;  E D T A  10-~M; p H  10-11,  50~ 30 rain).  Th i s  
' b o u n d  su lph i t e '  obv ious ly  r ep resen t s  t he  S-sulphocys-  
te ine,  wh ich  o r ig ina t ed  b y  a n o n e n z y m i c  reac t ion  be- 
tween  cys t ine  a n d  sulphi teS:  
R-S.S-1R + HSO'~ .~ R - S H  + R-S.SO'~.  
S-su lphocyate ine  (as well  as o the r  S - t h i o s n l p h a t e  esters) 
can  be  spl i t  b y  cyan ide  to t h i o c y a n a t e  a n d  su lphi teS:  
R-S.SOat-I + CN'  -~ R - S C N  + HSO'~.  
Therefore  we conc luded  t h a t  on our  m e d i a  i t  was  a lways  
also su lph i te  t h a t  was  p roduced  besides  su lpha te .  I n  mos t  
cases th i s  su lph i t e  d i s appea r ed  due to  t he  r eac t ion  w i t h  
excess cyst ine .  The  capac i t y  of p roduc ing  su lph i t e  b y  
ox ida t i on  of cys t ine  was l a t e r  p r o v e d  b y  us also in o the r  
species of d e r m a t o p h y t e s .  

The  f indings  descr ibed  m a y  be  of i m p o r t a n c e  for eluci- 
d a t i n g  k e r a t i n  decompos i t ion  b y  d e r m a t o p h y t e s .  Since 

su lph i t e  is also p r o d u c e d  f rom p r o t e i n - i n c o r p o r a t e d  
cyst ine ,  t he  fungus  could use i t  for  sp l i t t i ng  d i su lph ide  
b o n d s  of ke ra t in .  K e r a t i n  d e n a t u r e d  b y  ' su lph i to lys i s '  
would  t h e n  be  easi ly  accessible to  t he  p ro te inases  of t he  
fungus.  

The  resu l t s  co r robo ra t i ng  th i s  h y p o t h e s i s  were o b t a i n e d  
b y  t he  ana lys i s  of cu l tu re  f i l t ra tes  of Microsporum gypseum 
growing on h u m a n  ha i r s  in  m ine ra l  m e d i u m  (Table).  I n  
s t a t i o n a r y  cul ture ,  t he  fungus  m a n a g e d  to  d iges t  a b o u t  
32% of the  s u b s t r a t e  in 60 days.  E v e n  here,  t he  m a i n  
p r o d u c t  of cys t ine  o x i d a t i o n  was su lpha te ,  whose  concen-  
t r a t i o n  in t he  m e d i u m  a m o u n t e d  to 1.6 mg/ml .  F ree  
su lph i t e  was no t  p r e sen t  in  t he  f i l t ra te .  I t  could  h o w e v e r  
be  d e m o n s t r a t e d ,  t h a t  S - t h io su lpha t e  es ters  ( ' bound  
su lph i te ' )  were present .  The  gel f i l t r a t ion  on  S e p h a d e x  
G-50 a n d  G-10 p r o v e d  t h a t  t h i o s u l p h a t e  es ter  groups  are 
b o u n d  to  c o m p o u n d s  of molecu la r  we igh t  a m o u n t i n g  to  
severa l  t housands ,  i.e. obviously ,  to  po lypep t ides .  This  
is in  a g r e e m e n t  w i t h  t he  p r e s u m p t i o n  t h a t  t he  c o m p o u n d s  
u n d e r  s t u d y  are pep t ides  c o n t a i n i n g  c o m b i n e d  S-sulpho-  
cyste ine .  The  q u a n t i t y  found  (cor responding  t o  15-20 
#g /ml  of S-sulphocys te ine)  is, t a k e n  abso lu te ly ,  no t  large. 
However ,  i t  r ep resen t s  2 5 - 6 0 %  of all c o m b i n e d  cys te ine  
and  i ts  de r iva t i ve s  in the  med ium.  This  d e m o n s t r a t e s  t h a t  
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Keratin decomposition by Microsporum gypseum. Analysis of the culture/luid 

Days 3 l l  17 24 32 40 50 60 

Substrate digestion (%) 0 4 16 18 25 26 29 32 
pH 6.4 8.0 8.3 8.4 8.2 8.1 8.2 8.1 
Proteins (~tg/m~) 110 560 365 310 465 440 440 380 
Sulphate (ixg/ml) 18 147 490 538 842 1187 1499 1641 
Bound sulphite Qzg/mi) 0 4.1 10.0 13.4 16.7 19.0 19.0 18.5 

Cultures with 400 mg of ethylene oxide-sterilized human hairs in 20 ml of simple mineral solution, 29 ~ Substrate digestion was calculated 
from total dry weight (substratc + mycelium). Proteins (Lowry method) are expressed as p.g/ml bovine serum albumin, sulphate and sulphite 
as [xg/ml of anhydrous natrium salts. No free sulphite was found; 'bound sulphite' was determined after treatment with cyanide {see text). 


