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t h e r  t h e  q u a n t i t y  or  a c t i v i t y  inc reases  w i t h  t h e  m u s c u l a r  
d i f f e r e n t i a t i o n .  T h e  cho l ine s t e r a se  d i s a p p e a r s  e n t i r e l y  
in  t h e  l a r v a  wh ich  ha s  u n d e r g o n e  m e t a m o r p h o s i s  a n d  
in w h i c h  t h e  m u s c u l a r  s y s t e m  h a s  b e e n  r e a b s o r b e d .  T h e  
c e n t r a l  n e r v o u s  s y s t e m  does  n o t  show t h e  p r e s e n c e  of 
cho l i ne s t e r a se  in  a n y  s t a g e  of d e v e l o p m e n t .  T h e  t r e a t -  
m e n t  w i t h  specif ic  i n h i b i t o r s  d e m o n s t r a t e s  t h a t  t h e  
e n z y m e  desc r ibed  c o r r e s p o n d s  to  speci f ic  c h o l i n e s t e r a s e  
or  ace ty l cho l ines t e r a se .  

M. DURANTE 

Zoological Institute, University, Palernw, Italy, M a y  
2d, t956. 

Riassunto 

Con m e t o d o  i s toch imico ,  sonG s t a t e  e f f e t t u a t e  r i c e r che  
sul ta  p re senza ,  la  loca l izzaz ione ,  e i l  t e m p o  di  c o m p a r s a  
del la  co l ines t e r a s i  hel lo  s v i h p p o  di Ciona inteslinalis 
(Ascidie).  ~ s t a t o  v i s t o  che :  1) l ' a t t i v i t £  co l ines te ras i ca ,  
n e g a t i v a  negl i  s t a f f  p recoc i  di sv i luppo ,  si pa lese  d u r a n t e  
e dopo  la  n e u r u l a z i o n e ;  2) il t e r r i t o r i o  in  cui  si loca l izza  
la r eaz ione  ~ e s c l u s i v a m e n t e  quel lo  m u s c o l a r e ;  3) es is te  
u n a  r e l az ione  t r a  la  p r e s e n z a  d e l l ' e n z i m a  e la  c a p a c i t ~  
f u n z i o n a l e  d e l l ' e m b r i o n e ;  4) ne l la  r eaz ione  ~ i n t e r e s s a t o  
u n  solo t i po  di  e n z i m a  e p r e c i s a m e n t e  la  eo l ines t e ra s i  
spec i f ica  o ace t i l co l ines te ras i .  

T r a c e  E l e m e n t  S t i m u l a t i o n  o f  K e r a t i n  ( H a i r )  

D e g r a d a t i o n  b y  O r a l  K e r a t i n o l y t i c  M i c r o f l o r a  ~ 

T h e  p r o t e o l y s i s - c h e l a t i o n  t h e o r y  e x p l a i n s  t h e  e t i o logy  
of d e n t a l  ca r ies  as  t w o  i n t e r r e l a t e d  r e a c t i o n s  o c c u r r i n g  
s i m u l t a n e o u s l y  on  e n a m e l :  (a) m i c r o b i a l  d e s t r u c t i o n  of 
t h e  o rgan i c  m a t r i x  w h i c h  is c o m p o s e d  l a r ge l y  of k e r a t i n ,  
a n d  (b) loss of a p a t i t e  t h r o u g h  d i s s o l u t i o n  b y  o r gan i c  
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c h e l a t o r s  some  of w h i c h  o r i g i n a t e  as m a t r i x  b r e a k d o w n  
p r o d u c t s  2. Th i s  t h e o r y  was  d e r i v e d  in  p a r t  f r o m  consid-  
e r a t i o n  of n u m e r o u s  s y s t e m s  t h r o u g h o u t  n a t u r e  w h e r e  
o r d i n a r i l y  i n so lub l e  i n o r g a n i c  m a t e r i a l s  a re  mob i l i zed  
a n d  t r a n s p o r t e d  as so lub le  s e q u e s t r a t i o n  c o m p l e x e s  3. I t  
was  also s u g g e s t e d  b y  t h e  Ca a c t i v a t i o n  a n d  s t a b i l i z a t i o n  
of e n z y m e s  a n d  o t h e r  p r o t e i n s ,  t h e  ro le  of Ca  in  p r o t e o -  
lysis, a n d  t h e  a b i l i t y  of p r o t e i n s  a n d  t h e i r  d e r i v a t i v e s  
to  f o r m  w a t e r - s o l u b l e  c h e l a t e  c o m p l e x e s  w i t h  a lka l i ne  
ear ths* .  T h e  f a c t  t h a t  CaCO a a n d  Cas(PO4)z s t i m u l a t e  
m e t a b o l i s m  of  ora l  k e r a t i n - d i g e s t i n g  mic ro f lo ra  2 m o t i v a t -  
ed  t h e  p r e s e n t  s t u d i e s  to  d e t e r m i n e  w h e t h e r  Ca, PO, ,  a n d  
o t h e r  t r a c e  e l e m e n t s  i n f l u e n c e  ke r a t i no ly s i s ,  a n d  w h e t h e r  
t h i s  p r o t e o l y s i s  d i s so lves  e n a m e l  a p a t i t e .  

ExperimentaL--The m e t h o d  oI  cell  p r o d u c t i o n ,  condi -  
t i o n s  for  W a r b u r g  r e s p i r o m e t r y ,  p r e p a r a t i o n  of e n a m e l  
a n d  ha i r ,  a n d  c o m p o s i t i o n  of t h e  t r a c e  e l e m e n t  supple -  
m e n t  h a v e  a l r e a d y  b e e n  r e p o r t e d  2. ]? inely c u t  h u m a n  
h a i r  was  a c o n v e n i e n t  source  of k e r a t i n  s ince  i t  is im-  
p r a c t i c a l  t o  o b t a i n  pu r i f i ed  y e t  u n d e n a t u r e d  e n a m e l  
k e r a t i n  in  a d e q u a t e  a m o u n t s .  

Results.-- Both a u t o r e s p i r a t i o n  a n d  h a i r  o x i d a t i o n  
were  s t i m u l a t e d  b y  CaCI~ (Table) .  T h e  c o m p l e t e  t r a c e  
e l e m e n t  s u p p l e m e n t  d e p r e s s e d  a u t o r e s p i r a t i o n  b u t  ac- 
c e l e r a t e d  O,  u p t a k e  w i t h  k e r a t i n .  E v e n  w i t h o u t  Ca a n d  
P04 ,  t h e  s u p p l e m e n t  i n c r e a s e d  O 3 c o n s u m p t i o n  w i t h  hair .  
T h u s  o t h e r  e l e m e n t s  m a y  p a r t i c i p a t e  in  t h e  c a t a b o l i s m  
oI t h i s  m a t e r i a l .  T h e  m a x i m u m  02 u p t a k e  o b s e r v e d  w i t h  
t h e  Ca-f ree  s u p p l e m e n t  c a n n o t  m e a n  t h a t  Ca i n h i b i t e d  
s ince  CaC12 e n h a n c e d  t h e  o x i d a t i o n ,  b u t  p r o b a b l y  re- 
f lee ts  t r a c e  m e t a l  u n b a l a n c e  o r  ion  a n t a g o n i s m  5. The  
e n a m e l  s u p p l i e d  su f f i c i en t  t r a c e  e l e m e n t s  to  s t i m u l a t e  
h a i r  c a t a b o l i s m ,  b u t  n o t  e n o u g h  o rgan i c  m a t t e r  t o  in- 
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Trace element stimulation of keratin (hair) degradation by oral keratinolytic microorganisms 

Distilled H~O cell suspension supplemented with 

Ca as CaCl 2 (5.0 mg%) 
Trace element supplement .  
Trace element supplement  minus Ca and  phos- 

phate  
Trace element supplement  minus Ca 
Human  enamel as source of t race elements (50.0 

mg added to each vessel) 
No minerals added (controls) 

400 rain Warburg experiment 

Autorespiration (no hair present) 

/zl O 2 uptake 

78 
37 

55 } 
58 

47 
48 

/~102 stimulation over 
control due to trace 

elements 

30 
- 1 1  

7 
10 

- -  1 

100'0mg hair added to each vessel 

plO~ uptake 

832 
1025 

850 
1042 

950 
737 

/zl O 3 stimulation over 
control due to trace 

elements 

95 
288 

113 
305 

213 

pH of cell suspension initially adjusted to 7.0; KOH in each center well; 30°C. Trace element supplement includes Na, K, Ca, Mg, Mn, 
Zn, Mo, Fe, Co, Cu, P, S, and C1 in the same concentrations employed in the basalculturemedium for growing keratinolytic microorganisms ~. 

The data have not been corrected by subtracting autorespiration. 
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crease O, u p t a k e  ove r  t h e  ha i r - f ree  control .  To  accompl ish  
this, a t  leas t  100.0 mg  of enamel  were required.  Thus,  
in these  e x p e r i m e n t s  i n v o l v i n g  ke ra t in  degrada t ion ,  
t race  e l emen t s  inc reased  O, c o n s u m p t i o n  to  a g rea te r  
e x t e n t  t h a n  is a t t r i b u t a b l e  to  s t imu la t i on  of au toresp i ra -  
t ion alone. 

These  obse rva t ions  agree  wi th  o the r  expe r imen t s  (to 
be publ ished)  in which  oral  p ro teo ty t i c  microf lora  ca ta-  
bolized pu lve r i zed  Ca45-rat bone,  as a resul t  of which the  
p H  rose f rom a round  7.0 up to 8'0 and apprec iab le  
am o u n t s  of  Ca ~5 passed in to  solut ion.  T h e  mos t  l ikely  
mechan i sm w h e r e b y  bone  and  enamel  minera ls  dissolved 
under  t h e  cond i t ions  in these  e x p e r i m e n t s  is by  the  
release of che la t ing  agen ts  as d e g r a d a t i o n  p roduc t s  of 
organic  m a t r i x  cons t i tuen t s .  

Conclusions.--These s tudies  ind ica te  t h a t  enamel  
minera ls  s t i m u l a t e  kera t inolys is ,  and  kera t ino lys i s  con- 
t r ibu tes  t o  d isso lu t ion  of ename l  apa t i t e .  Consequen t ly ,  
the  s i m u l t aneous  d i s in t eg ra t ion  of organic  and inorganic  
co m p o n en t s  of enamel  dur ing  fo rma t ion  of den ta l  caries 
appears  more  l ike ly  t h a n  an i n d e p e n d e n t  a t t a c k  on 
e i ther  phase  alone. I n  t e rms  of c o m p a r a t i v e  b iochemis t ry ,  
the p ro teo lys i s -che la t ion  t h e o r y  v iews  t o o t h  decay  as 
due to essent ia l ly  t he  same  m e c h a n i s m  responsible  for 
pa tho log ica l  bone  resorp t ion ,  n o r m a l  dec iduous  t oo th  
root resorp t ion ,  den ta l  cav i t i e s  in mar ine  m a m m a l s ,  
lobster  and  mol lusc  diseases where  t h e  ca lcareous  shells 
deminera l ize ,  a n d  so lub i l i za t ion  of  rock  p h o s p h a t e  (i.e. 
apat i te)  fe r t i l i zer  in neu t r a l  and  a lka l ine  soils ~. I n  these  
sys tems,  ac id  is n o t  t h e  sole o r  m a j o r  fac to r  caus ing  
solubi t iza t ion  or  decalc i f ica t ion ,  b u t  che la t ion  seems to  
be t he  c o m m o n  d e n o m i n a t o r .  Organ ic  che la to r s  of 
microbia l  or igin which dissolve ca lc ium phospha tes ,  even  
under  n e u t r a l  and  a lkal ine  condi t ions ,  m a y  be  useful  
biological r eagen ts  w i th  which  to a t t a c k  such p rob lems  
as t he  n a t u r e  of t he  bond ing  b e t w e e n  the  organic  and  in- 
organic c o m p o n e n t s  of calcif ied body  s t ruc tures ,  changes  
wi th  age, and the  inf luence  of f luoride.  

A. SCHATZ, K.  ]~. KARLSON, 
and  J .  J .  MARTIN 

Research Laboratory, National Agricultural College, 
Doylestown, Bucks County, Pennsylvania, March 3, 7956. 

The Biometry of the Cirripede, 
ChthamaIus stellatus (Poli) 

D a t a  h a v e  r ecen t ly  been  g iven  b y  TENERELLI 1 on t h e  
sizes of  Chthamalus stellatus stellatus (Poll) and  C. stella- 
tus depressus (Poll) t o g e t h e r  w i t h  a d iscuss ion  of t h e  
s ta tus  of t h e  2 forms.  These  resul t s  a re  of  cons iderab le  
in te res t  and  would  seem to w a r r a n t  a more  de ta i l ed  
s ta t i s t ica l  t r e a t m e n t .  
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Fig. 1.-Plot of diameter (D) against height (h) for Chthamalus stel- 
latus stellatus (Poll). Data from TENRRELLI: (1) Zona inferiore di 
bassa marea. (2) Zona intercotidale, vicino alia linea superiore di alta 
marea. (3) 40-60 cm sulla linen di alta marea. (4) 150-180 era sulla 
linea superiore di alta marca. Correlation coeffieiettts and regression 

lines are also shown. 

Zusammen/assung 

N a c h  der  t~roteolyse-Chela t ions theor ie  der  Zahnkar ies  
werden organ ische  und  anorgan i sche  Bes t and te i l e  des 
Zahnschmelzes  m e h r  ode r  weniger  g le ichzei t ig  abgebau t .  
Die Ergebn i s se  dieser  U n t e r s u e h u n g e n  zeigen, dass 1. 
mineral ische Bes t and t e i l e  des Schmelzes  die mikrobio-  
logische Zer se t zung  des  K e r a t i n s  fSrdern  u n d  dass 2. die 
enzymat i sche  Zerse tzung  des K e r a t i n s  Stoffe  entwickel t ,  
welche die Apa t i t au f lS sung  mi t t e l s  Chela t ion  fCrdern. 
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Measuremen t s  are  g iven  of t he  h e i g h t  and  basal  dia-  
me te r  of ind iv idua l s  of b o t h  va r i e t i e s  co l lec ted  a t  severa l  
levels of the  i n t e r t i da l  zone. TENERELLI po in t s  ou t  t h a t  
the  fo rm depressus reaches  g r ea t e r  d imens ions  t h a n  
stellatus b u t  he  does  no t  d i s t ingu i sh  b e t w e e n  the  d i f fe ren t  
year  classes. H e  f u r t h e r  shows t h a t  ~ the  ra t io  of t he  
he igh t  to  t h e  d i a m e t e r  is d i f f e ren t  in  t h e  2 forms.  I t  is 
more  i n s t ruc t i ona l  to  cons ide r  t h e  re la t ion  be tween  the  
he igh t s  of  t h e  i nd iv idua l s  in r e spec t  to  t he  d i ame te r ,  a t  
the  d i f fe ren t  levels  a n d  in p a r t i c u l a r  to  de t e rmine  whe th -  
or th is  r e l a t ion  var ies  w i t h  t h e  level  in e i ther  of t he  
fo rms ;  a n y  such  v a r i a t i o n  could  ind ica te  t he  effect  of 
e n v i r o n m e n t  on t h e  g r o w t h  fo rm of t he  animals .  

All  t h e  da ta ,  he igh t  aga ins t  d iamete r ,  have  been 
p lo t t ed  in t h e  F igu re s  1 and  2. W i t h  t he  excep t ion  of 
form stellatus a t  t he  lowest  level  (zona infer iore di bassa  
marea)  and  t h e  f o r m  depressus a t  t he  h ighes t  leve l  
(180-260 cm sul la  l inen super iore  di a l t a  marea)  the re  is 
a s ign i f i can t  co r re l a t ion  b e t w e e n  the  2 d imensions .  I n  
the  fo rmer  case t h e  l ack  of cor re la t ion  m a y  be due  to  t h e  
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