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Fig. % Penicillinase 1.8 mg/g of KBr. Infrared spectrum of %4 min/500 e. 100 cm -1. Vector (Spaltprogramm): 3. Electrical Data: D 8.5; 
V 5.9. Prisma NaC1 (Ernst Leitz GmbIt, Wetzlar). 

several times. The sediment was finally dissolved in M/1 
Tris buffer of pH 9.0. Very little material  remains in- 
soluble with no activity. The solution was therefore mixed 
with ethanol until  the concentration reached 20%. At this 
point, penicillinase was precipitated by 2n phosphoric 
acid till pH  5.4. After several washings with distilled 
water,, the precipitate was dried in vacuum over phos- 
phorus pentoxyde. The preparation was brownish, hygro- 
scopic, insoluble in water, acetate, phosphate, veronal, 
and citrate buffers. Only Tris-buffer of high ionic strength 
was able to dissolve it completely. 1 mg of this substance 
is equivalent  to 500 penicillinase arbitrary units (PAU). 
Mycobacterial penicillinase is soluble in liquid medium, 
and remains active at  pH between 4.5 and 7.83. I ts  
present insolubility can only be explained by the possi- 
bili ty tha t  the molecule of penicillinase was to some extent  
denaturated by the organic solvent used for the removal 
of benzoic acid. This possibility is shown when using other 
solvents such as acetone, ethanol, benzol, benzyl alcohol, 
toluol, terc. butanol, sec. butanol etc. All those solvents 
diminish enzyme activity, and at  the same t ime lower its 
solubility in Tris-buffer. Most conservative was n-butanol. 
In view of the fact tha t  the I R  spectrum of the enzyme 
preparations indicated the presence of polysaccharides, 
further purification was necessary. To a solution of 
enzyme (in Tris buffer) 5 % sodium p-aminosalicylate was 
dissolved, and PAS precipitated by 3n HC1 till pH 5.8. 
The precipitate dissolved in methanol  contained only a 
trace of proteins without activity,  and the rest insoluble 
polysaccharides. Supernatant  solution contained protein 
with an equivalent  of 800 PAU/mg.  IR  spectrum shows 
no trace of polysaccharides. The preparation is water- 
insoluble being soluble only in M]I phosphate buffer and 
2M acetate buffer at  pH between 6,8 and 7.8. I t  is no 
longer hygroscopic and looks like whitish powder. 

Crystallisation of mycobacterial  penicillinase was done 
in the form of mixed crystals. Penicillinase was dissolved 
in phosphate buffer, in which ammonium phosphate (t) 
was dissolved to 19~/o concentration. I t  is necessary tha t  

the amount  of buffer is small. The solution was cooled to 
4°C, and mixed with 4Vol  of cold (-- 20°C) acetone. Very 
rapidly a crystalline precipitate of phosphates containing 
all the enzyme in a hybride crystalline form was formed. 
The precipitate was washed several t imes x~ith acetone 
and centrifuged. This crystalline preparation is not water- 
soluble, but  it remains soluble in all the aforementioned 
buffers. Paper electrophoresis of penicillinase in a M]15 
phosphate buffer of pH 6.0, and 0.2M veronal buffer of 
pH 8.6 shows only one individual band, which moves very 
slowly towards anode after 16 h. UV spectar shows two 
maximal  adsorption peaks at 240 and 280 ~, with a linear 
deflection after 340 V. I R  spectrum of the preparation 
shows absence of nucleic acids, lipids and polysaccharides, 
with characteristic waves of carbonyl-groups, suggesting 
a piperazine structure in the enzyme molecule. After acid 
hydrolysis this carbonyl-groups wave disappears, fortify- 
ing our convinction tha t  the sensibility of mycobacterial  
penicillinase depends upon the preservation of piperazine 
linkages ~. 

Rdsumd. La p6nicillinase des mycobacteries est pr6ci- 
pit6e par l 'acide benzoique. L'61ution d'acide se fair par 
n-butanol. L'61imination des polysaccharides 6tant donn6 
par la pr6cipitation avec PAS la substance devienne mieux 
soluble. La crystallisation de l 'enzyme est obtenue en 
forme de crysteaux hybrides avec du phosphate d 'ammo- 
niaque, L'analyse spectrophotom6trique prouve l 'absence 
d'impuret6s, l'61ectrophor6se rev61e une bande individuelle 
d 'une motilit6 ralentie. 

M. K. MUFTIC 

Tuberculose Research Institute, Borstel/Bad Oldesloe (Ger- 
many), Ju ly  26, 1961. 

9 Acknowledgment. Our thanks are due to Dr. S. SEYDEL for UV and 
IR speetrophotometric investigations. This work was supported 
by a grant from the West German Government. 

A n  A n t h o z o a n  C h i t i n  i 

From a study of the organization of the skeleton of the 
Hawaiian reef coral, Pocillopora damicornis L., evidence 
is presented here tha t  the major  consti tuent by weigth 
of the organic component of the skeleton is chitin (poly- 

acetylglucosamine). This is the first record of chitin in the 
class Anthozoa ~. 

1 Contribution No. 147 from the Hawaii Marine Laboratory. 
L. E. R. PIeKEN, The Organization o/the Cell and other Organisms 
(Clarendon Press, Oxford 1960). 
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The  ske le ton  of f resh ly  col lected cora l  colonies  was  
c leaned  b y  a j e t  of sea  w a t e r  f rom a h i g h  p ressu re  hose  
w i t h o u t  f i x a t i o n  or  fol lowing f i xa t i on  in  10% n e u t r a l  
fo rmal in  in  sea  w a t e r  or  in  Cla rke ' s  ace t i c  e thano l .  T h e  
ske le ton  of  th i s  species yields  0 .1% b y  w e i g h t  of o rgan ic  
m a t e r i a l  u p o n  d e m i n e r a l i s a t i o n .  Clean,  whole  pieces of 
ske le ton  were d e m i n e r a l i s e d  in  2 %  h y d r o c h l o r i c  ac id  or  
in  10% (w/V) e t h y l e n e  d in i t r i l o  t e t r a a c e t a t e  m a d e  u p  
a n d  a d j u s t e d  w i t h  b o t h  di -  a n d  t e t r a s o d i u m  sa l t s  to  
p H  7.0-7.3.  L igh t ,  po la r i sed  l i gh t  a n d  p h a s e  c o n t r a s t  
mic roscopy  r evea l ed  t h r e e  o rgan ic  c o n s t i t u e n t s :  (1) oc- 
cas iona l  f i l a m e n t s  of l i m e b o r i n g  a lgae (e. g. Ostreobium 
sp.), (2) a d i spersed  n e t w o r k  of f ibers  a p p r o x i m a t e l y  1 
in  d i a m e t e r  a n d  (3) a t r a n s p a r e n t ,  mi lky ,  r eg iona l ly  
b i r e f r i n g e n t  m a t r i x  w h i c h  a p p e a r s  a m o r p h o u s  in l i gh t  
a n d  p h a s e  c o n t r a s t  microscopes .  

No soluble  or f ib rous  p r o t e i n s  or  a m i n o  acids  were  
found  b y  h i s t o c h e m i c a l  or  m i c r o a n a l y t i c a l  t e c h n i q u e s  in  
whole  ske le ton ,  demine ra l i s ed  ske le ton ,  or  s u p e r n a t a n t  
demine ra l i s i ng  fluid,  F ibe r s  a n d  m a t r i x  showed  no  
c h a n g e  in t h e i r  op t i ca l  p rope r t i e s  fol lowing t he  e lu t ion  
w i t h  m e t h a n o l  of a h i s t o c h e m i c a l l y  d e t e c t a b l e  l ip id  com-  
ponen t ,  a n d  t h e y  gave  pos i t ive  h i s t o c h e m i c a l  t e s t s  for 
1,2 glycol groups .  The  f ibers  d i s a p p e a r e d  in c h i t o s a n  
p r e p a r a t i o n  a a n d  t h e  m a t r i x  b e c a m e  r ead i ly  soluble  in  
3% ace t ic  ac id  a n d  gave  a s t r o n g  pos i t ive  r e a c t i o n  for  
chi t in .  T h e  X - r a y  d i f f r ac t ion  p o w d e r  p a t t e r n s  of c h i t i n  
pur i f i ed  in  t h e  c lass ical  m a n n e r  4 f rom sof t  i n t e g u m e n t  
of t h e  shore  c rab ,  Hemigrapsus nudus, a n d  f rom wings  
of t he  cockroach ,  Periplaneta americana, were  c o m p a r e d  
w i t h  t hose  of d e m i n e r a l i s e d  ske l e ton  of P. damicornis. 
The  d v a l u e s  of these  p a t t e r n s  a re  g iven  in  t h e  Table ,  
a n d  t h e y  a re  in  close a g r e e m e n t  w i t h  p rev ious ly  p u b l i s h e d  
va lues  for  c h i t i n  5. T h e  p a t t e r n s  were  o b t a i n e d  b y  Dr .  
K.  J .  PALMER Of t h e  U.S.  Dep t .  of A gr i cu l t u r e  W e s t e r n  
Reg iona l  R e s e a r c h  Labo ra to r i e s ,  A l b a n y ,  Cal i fornia ,  
u s ing  Cu K - a  r a d i a t i o n  f rom a n  X - r a y  t u b e  o p e r a t e d  a t  
40 k v  a n d  15 ma .  I t  is conc luded  t h a t  c h i t i n  is t h e  m a j o r  

c o n s t i t u e n t  of t he  o rgan ic  c o m p o n e n t  of t he  ske l e ton  of 
P. damicornis. W h e t h e r  i t  exis ts  in  t he  m- o r / / - f o r m  has  
n o t  b e e n  d e t e r m i n e d .  

Sma l l  b i t s  of demine ra l i s ed  cora l  ske le ton  were  dr ied  on  
F o r m v a r - c o p p e r  gr ids  a n d  s h a d o w e d  w i t h  P t - P d  a n d  
e x a m i n e d  w i t h  a n  RCA E M U  3 e l ec t ron  microscope.  The  
m a t r i x  was  o b s e r v e d  to  cons i s t  of f ibri ls  of ave rage  
d i a m e t e r  200 A w h i c h  showed  no  l o n g i t u d i n a l  pe r iod ic i ty  
o r  c h a r a c t e r  o t h e r  t h a n  a t e n d e n c y  for  fasc ia t ion .  

"With one  n o t a b l e  e x c e p t i o n  e, p u b l i s h e d  a c c o u n t s  of 
t h e  de ta i l s  of m o l e c u l a r  s t r u c t u r e  of c h i t i n  4,s a re  con-  
ce rned  w i t h  c h i t i n  w h i c h  h a s  been  pur i f i ed  b y  t r e a t m e n t  
w i t h  d i a p h a n o l  or  bo i l ing  n o r m a l  p o t a s s i u m  h y d r o x i d e .  
T h e  ske l e ton  of  P .  damicornis p r e s e n t s  a source  of  c h i t i n  
w h i c h  need  n o t  b e  s u b j e c t e d  to  t h e s e  t r e a t m e n t s  in  o rde r  
t h a t  i t s  s t r u c t u r e  b e  s tud ied .  

Ch i t i n  is k n o w n  also f rom t h e  calcif ied ske le t a l  e l emen t s  
of H y d r o z o a ,  Mollusca,  Crus taeea ,  D i p l o p o d a  a n d  Ec to -  
p roc t a .  I n  t he  species w h i c h  h a v e  b e e n  e x a m i n e d ,  f ib rous  
p ro t e in  is i n t i m a t e l y  assoc ia ted  w i t h  c h i t i n  and ,  e x c e p t  
in  some CrustaceaT,  i t  is p r e s e n t  in  m u c h  g r e a t e r  a m o u n t  
b y  w e i g h t  t h a n  ch i t in .  T h e  ske le ton  of P. damicornis 
differs  f rom all  calcif ied s t r u c t u r e s  p r ev ious ly  desc r ibed  
in i ts  l ack  of f ib rous  p r o t e i n  a n d  t y p i c a l  m u c o p o l y -  
sacchar ides .  One c a n n o t  d i s regard  t h e  poss ib i l i ty  of a gel 
p recu r so r  s or  ea r ly  c ry s t a l  e n v i r o n m e n t  w h i c h  is lost  
u p o n  f u r t h e r  ca lc i f ica t ion  a n d  t he  poss ib i l i ty  of a role 
p l a y e d  b y  v e r y  smal l  a m o u n t s  of l ipid a n d  u n d e t e c t e d  
c o n s t i t u e n t s  in  t h e  ca lc i f ica t ion  of t h i s  skc le ton .  I t  is 
sugges ted  here  t h a t  t h i s  s y s t e m  is far  s imp le r  s t ruc -  
t u r a l l y  a n d  p e r h a p s  b iochemica l ly  t h a n  t h e  ca lc i fy ing  
s y s t e m s  w h i c h  h a v e  been  s t u d i e d  to  da te .  

Rdsumd. L ' a u t e u r  d 6 m o n t r e  que  la  p a r t i e  o r g a n i q u e  du  
s q u e l e t t e  du  corail ,  Pocillopora damicornis, es t  cons t i t u6e  
p a r  de  la ch i t ine .  Ce t t e  ch i t i ne  s embte  d ' e x i s t e r  sous  u n e  
fo rme  t r~s  pure ,  sans  e t r e  associ6e ~. la  p ro td ine ,  c o m m e  
le s o n t  t o u t e s  les a u t r e s  ch i t i ne s  calcifides connues .  

The d values and relative intensities of X-ray diffraction powder 
pattern rings of chitin from a coral, a crab, and an insect 

Pocillopora damicornis Hemigrapsus nudus Periplaneta americana 

S. A. ~VAINWRIGHT 

Department o/Zoology, University o[ Cali]ornia, Berkeley 
(USA), August 2, 196L 

9.6 s 9,6 s 9.6 s 
7.0 w 7.0 w 7.0 w 
4.64 s 4.64 s 4.64 s 

3.85 vw 3.85 vw 
3.40 m 3.39 m 3.39 m 

Relative intensity of rings within patterns is indicated by s-strong, 
m-medium, w-weak, and vw-very weak and diffuse. The d values are 

given in Angstr6m units. 
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Ab sence  of Adverse  Effects in Sp leen  Extract .  
Protec ted  G u i n e a - P i g s  dur ing  Second  P o s t -  

Irradiat ion Year 1 

I n  p r ev ious  s tud ie s  ~-6, i t  was  d e m o n s t r a t e d  t h a t  h o m o -  
logous as  well  as he t e ro logous  cell-free spleen e x t r a c t s  
r educe  t h e  m o r t a l i t y  of mice  a n d  gu inea-p igs  e x p o s e d  to  
t he  LD75/20 of ion iz ing  r ad ia t ions .  These  s h o r t - t e r m  ob-  
s e rva t ions  are  now s u p p l e m e n t e d  b y  a s t u d y  of t h e  fa te  of 
l o n g - t e r m  su rv ivors .  

Material and Methods. Guinea -p igs  w h i c h  were a l ive  
365 days  a f t e r  exposu re  to  650 r m e a s u r e d  in a i r  of Co s° 

1 Presented in part during a Meeting of the Informal Society for the 
Study of Long-Range Effects of Ionizing Radiation in San Fran- 
cisco, May, 1960. 
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continued support and interest. 
F. ELLINGER, Radiol. olin. (Basel) Z3, 129 (1954). 

a F. ELLINGER, Proc. Soc, exp. Biol. Med. 92, 670 (1956). 
4 F. ELLING~R, Science 126, 1179 (1957). 
s F. ELLINGER, Atompraxis 4, 439 (1958). 
6 F. ELLXN6ER, Atompraxis 6, 208 (1960). 


