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The  s u b s t a n c e  CCC, a t  a c o n c e n t r a t i o n  which  reduced  
e longa t ion  of seedlings b y  a b o u t  20 %, reduced  t h e  c o n t e n t  
of ch lo rophyl l  b y  a b o u t  80%.  T h e  var ious  sa l ts  of sod ium 
a n d  m a g n e s i u m  used sepa ra t e ly  a t  c o n c e n t r a t i o n  of 
500 p p m  s t i m u l a t e d  t he  e longa t ion  of seedIings a n d  
increased  t he  ch lo rophyl l  accumula t ion .  T he  m a x i m u m  
a c c u m u l a t i o n  of ch lo rophyl l  occur red  in the  sa l ts  con ta in -  
ing su lphur  a n d  chlor ine  as t he i r  anions .  Sal ts  of sod ium 
a n d  m a g n e s i u m  reversed  t h e  i n h i b i t o r y  effect  of CCC on 
e longa t ion  g r o w t h  of t h e  seedlings.  However ,  sa l t s  
c o n t a i n i n g  SO4- -  a n d  C1- an ions  could  also s ign i f i can t ly  
reverse  t he  i nh ib i t i on  of ch lo rophyl l  accumula t ion ,  t h e  
effect  be ing  i n d e p e n d e n t  of t h e  c o n c o m i t t a n t  reversa l  of 
e longa t ion  of seedlings.  I n  those  cases where  n i t r a t e s  were 
p r e sen t  as anions,  ve ry  s l ight  reversa l  of ch lo rophy l l  
i n h i b i t i o n  was no t iced  and  th i s  was  poss ib ly  due to s t imu-  
l a t ed  reversa l  of e longa t ion  g rowth  of seedlings.  I t  is t h u s  

Effects of sodium and magnesium salts alone and in combination 
with CCC on growth of seedlings and chlorophyll accumulation in 
the cotyledons of Brassica campes~ris 

Treatment Total length of Chlorophyll a + b 
seedlings (ram) (~g/ml) 

Distilled water 40 3.57 
CCC, (1000) 32 0.79 
NaNOa, (500) 53 4.28 
NaC1, (500) 46 4.41 
NaeSO4, (500) 50 4.69 
Na2C03, (500) 48 3.98 
CCC + NAN0,, (1000 + 500) 44 0.80 
CCC + NaC1, (1000 + 500) 35 1.28 ~ 
CCC + Na2SOa, (1000 + 500) 40 1.65 
CCC + NazCO3, (1000 + 500) 36 0.79 
Mg(NOa)~, (500) 49 3.1 
MgC12, (500) 43 4.2 
1V!gSO4, (500) 46 4.7 
MgCOs, (500) 48 3.5 
CCC + Mg(N03)a,(1000 + 500) 40 0.81 
CCC + MgClz, (1000 + 500) 35 1.26 ~ 
CCC + MgS0a, (1000 + 500) 37 1.30 
CCC + MgCO~, (1000 + 500) 36 0.79 

ev iden t  t h a t ,  of t he  va r ious  sal ts  of sod ium and  m a g n e s i u m  
tes ted ,  those  c o n t a i n i n g  su lphu r  a n d  ch lor ine  as a n  in- 
g red ien t  of t h e i r  anions,  could reverse  t he  i n h i b i t i o n  of 
ch lo rophy l l  syn thes i s  b y  CCC. 

I t  has  been  p o s t u l a t e d  t h a t  CeC more  or less se lec t ively  
i n h i b i t e d  syn thes i s  of p ro te ins  necessa ry  for ch lo rophyl l  bio- 
genesis or the  convers ion  of p r o p l a s t i d  to  ch lo rop las t s  4. 
E v i d e n c e  is ava i l ab le  to  sugges t  t h a t  CCC blocked  con- 

vers ion  of f l -carotene to  p h y t o l  6. The re  is no  r e p o r t  avai l -  
able  in t he  l i t e r a t u r e  to  p i n p o i n t  t he  s tages  a t  wh ich  sul- 
p h u r  a n d  chlor ine  pa r t i c i pa t e  in  ch lo rophyl l  b iosyn thes i s .  
Ea r l i e r  KNY!~L 4 r epo r t ed  t h a t  s y m p t o m s  of ac t ion  of CCC 
in ch lo rophy l l  d e v e l o p m e n t  c an  he  reversed  if KC1 is 
added  s imul t aneous ly .  On  th i s  bas i s  he  sugges ted  t h a t  K+ 
can  reverse  t h e  i n h i b i t i o n  of ch lo rophy l l  accumula t ion .  
The  resu l t s  of our  e x p e r i m e n t s  sugges t  t h a t ,  even  in t h e  
case of IiC1, t he re  is a poss ib i l i ty  t h a t  CI-  ions p a r t i c i p a t e  
to  reverse  t he  effect  of CCC in a d d i t i o n  to  K+. I t  is ev iden t  
on  t h e  bas is  of resu l t s  p r e s e n t e d  in  t he  T a b l e  t h a t ,  where-  
ever  CI-  a n d  SO~--  were presen t ,  t h e  a c c u m u l a t i o n  of 
ch lo rophy l l  d id  increase  over  t h e  con t ro l  co ty ledons ,  
i r respec t ive  of t he  ca t ion  used;  in  c o m b i n a t i o n  w i t h  CCC, 
t h e y  s ign i f i can t ly  reversed  t h e  i n h i b i t i o n  of ch lo rophy l l  
accumula t ion .  The  reversa l  of ch lo rophy l l  b y  su lphur  a n d  
ch lor ine  raises a t  once t h e  ques t ion  of poss ib le  pa r t i c ipa -  
t i on  of these  e l ement s  d i rec t ly  or i nd i r ec t ly  in  one or more  
b iochemica l  r eac t ions  l inked  w i t h  ch lo rophy l l  me tabo l i sm.  
The  answer  to  t h e  ques t ion  m u s t  awa i t  f u r t h e r  exper i -  
m e n t a t i o n .  

Zusammen/assung. 2 - C h l 0 r o ~ t h y l t r i m e t h y l a m m o n i u m -  
chlor id  (CCC) in e iner  K o n z e n t r a t i o n ,  welche das  L~tngen- 
w a c h s t u m  v o n  Brassica-Keimtingen u m  e twa  20% h e m m t ,  
s enk t  den  Ch lo rophy l lgeha l t  u m  f u n d  80%.  Na-  u n d  
lV[g-Salze (500 ppm)  v e r m 6 g e n  die W a c h s t u m s h e m m u n g  
te i lweise  au fzuheben ,  l~it C1- u n d  SO4--  s is  An~onen 
b e o b a c h t e t  m a n  zusd, t z l i ch  eine s ign i f ikan te  V e r m i n d e -  
r u n g  der  CCC-Wirkung  auf  die C h l o r o p h y l t a k k u m u l a t i o n .  

S. N. SIaUI~LA a n d  M. N. TxwARI 

Laboratory of Tissue Culture and Biochemistry, 
Department o/ Botany, The University, 
Jodhpur (India), 2 August 1972. 

Figures in parenthesis represent concentration of salts in ppm. 
Significant reversal of chlorophyll at P 0.01. 6 V. S. SAAKOV, Dokl. Akad. Nauk SSSR 181, 1001 (1968). 

In vitro Demonstration of Peroxidase Activity in 
Physiological Importance 

A large n u m b e r  of r epor t s  h a v e  appea red  in  r ecen t  
years  r ega rd ing  t he  in v i t ro  s tudies  on  m a m m a l i a n  t h y r o i d  
pe rox idases  t-3` BHATTACIIARYA a n d  DATTA ~ r epo r t ed  t he  
presence  of a pe rox idase  in t h e  soluble  s u p e r n a t a n t  
f rac t ion  of a v i a n  thy ro id .  Pe rox idase  ac t i v i t y  in  m a m m a -  
l i an  k i d n e y  has  also been  d e m o n s t r a t e d  b y  some in- 
ves t iga to r s  5, 6. However ,  no  r e p o r t  is ava i l ab le  r ega rd ing  
t h e  in v i t ro  pe rox idase  a c t i v i t y  in  t h e  k i d n e y  of fishes. 
As t h y r o i d  is i l l -developed a n d  di f fused in  fishes, a n d  as 
t h y r o i d  fol l icular  s t r u c t u r e s  are  p r e s e n t  in  t h e  h e a d  
k i d n e y  of f ishes ~-~, t h e  p resence  of pe rox idase  a c t i v i t y  in  
t he  h e a d  k i d n e y  of f ishes is v e r y  in te res t ing .  F u r t h e r ,  t h e  
p r e sen t  c o m m u n i c a t i o n  d e m o n s t r a t e s  t h a t  t he  Anabas 
testudineus head  k idney  perox idase  is ac t ive  in t he  
p e r o x i d a t i o n  of iodide to  t r iod ide  (I -s) w h i c h  was m e a s u r e d  
a t  353 nm.  

the Fish Kidney Soluble Supernatant and its 

Materials and methods. E a c h  t i m e  4 Anabas testudineus 
were sacrificed. H e a d  k i d n e y  was carefu l ly  d issected  ou t  
f rom each  spec imen  a n d  homogen ized  in a P o t t e r - e l v e h j e m  
homogen ize r  in  0.05 M sod ium p h o s p h a t e  buffer ,  p H  5.5 

1 C. C. YIP, Biochim. biophys. Acta 728, 262 (1966). 
T. HosoYA and iVf. MORRISON, J. bioI. Chem. 2d2, 2828 (1967). 

a R. K. BANERJE and A. G. DAWTA, Endocrinology 88, 1456 (1971). 
S. B~ATTAC~ARVA and A. G. DATTA, Comp. Biochem. Physiol. 
dOB, 139 (1971). 
H. A. N~VF~LD, A. N. L~vAY, F, V. L~cAs, A. P. MAI~TIN and 
E. SzoTz, J. biol. Chem. 233, 209 (1958}. 

6 T. FLATMAgK, Nature, Lond. 796, 894 (1962). 
7 S. K. AHOJA, Current Sci. 31,466 (1962). 
s M. GUNA~IANI, J. zool. Soc. India. 23, 24 (1972). 
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Table I. Peroxidase activity in sub-cellular fractions 

Fractions Total activity ~ OD/min/mg 
(OD/min) protein 

Table II. Effect of some peroxidase inhibitors 

Inhibitors Concentration (M) Inhibition (%) 

Cell debris 0.002 0.005 
Mitochondria 0.37 0.74 
(5 mg protein/m1) 
Boiled Mitochondria 0.03 0.05 
Microsome 0.128 0.32 
(4 mg protein/ml) 
Boiled Microsome 0.02 0.03 
Soluble supernatant 0.8 4.01 
(2 mg protein/ml) 
Boiled soluble supernatant 0.001 0.004 

a 0.1 ml of enzyme was added in each case. 

to  make  a 0.5% homogena te .  At  f i rs t  the  homogena tes  
were cent r i fuged at  1000 •  for 10 rain. The residual  cell 
debr is  was suspended  in 5 ml  buffer.  The s u p e r n a t a n t  
f rac t ion was then  sub jec ted  to a cen t r i fuga t ion  of 10, 000 • 
g for 15 min  and the  residue (mi tochondr ia l  fraction) was 
suspended  in a 5 ml  of buffer.  F ina l ly  the  s u p e r n a t a n t  was 
cent r i fuged a t  105,000 •  for 1 h in a spinco model  L 
p r epa ra t i ve  ultracentrifuge~0. The residue was suspended  
in 5 ml  of the  buffer  and  t e rmed  as 'microsomal  f rac t ion ' ,  
while  the  s u p e r n a t a n t  was used as 'soluble supe rna t an t ' .  
Perox idase  ac t iv i ty  was measured  by  following the  
increase in opt ical  dens i ty  a t  470 nm in a Carl Zeiss 
S p e c t r o p h o t o m e t e r  Model P.M. Q II,  using i cm l ight  p a t h  
w i th  guaiacol as hydrogen  donor.  The react ion mix tu res  
con ta ined  150 g.moles of sod ium p h o s p h a t e  buffer  p H  
5.5, 1 Fmole of guaiacol, t-I302, 1:2 Fmoles and  enzyme 
p repa ra t i on  of sui table  vo lume  and  wa te r  to  m a k e  the  
f inal  vo lume 3.0 ml. E n z y m e  p ro te in  was measured  
according to  t he  m e t h o d  of LOWRY et al. xl 

Results and discussion. Mammal i an  thy ro id  peroxidases  
are comm on ly  par t i cu la te  b o u n d  and  e i ther  t ryps in  or 
deoxycho la te  t r e a t m e n t  is necessary  to get  full peroxidase  
activi ty~,  3 The result  p resen ted  in Table  I clearly shows 
t h a t  head  k idney  peroxidase,  a t  least  in th is  par t i cu la r  
fish, is soluble in na ture .  Slight ac t iv i ty  was found  in the  
mi tochondr ia l  f ract ion.  

The p H  o p t i m u m  of head  k idney  peroxidase  was 
unde r t aken  in buffers  hav ing  di f ferent  p H ' s  using sod ium 
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Fig. 1. Effect of varying H202 concentration on peroxidase activity. 
Additions and assay were same as described in the text but the 
concentration of H~O 3 wae varied. 

Thiouracil 3 • 10 -a 61.5 
Cyanide 3 • 10 -a 76 
Thiourea 3 x 10 -3 - -  

2 • 10 -2 48 
Ascorbic acid 3 x 10 -3 35.2 
Reduced glutathione 3 x 10 -3 83.3 
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Fig. 2. Peroxidation of iodide by the peroxidase of head kidney 
soluble supernatant. Additions and assay were same as mentioned 
in the text. 

p h o s p h a t e  and  ace ta te  buffers  w i th  over lapp ing  regions 
and  using soluble s u p e r n a t a n t  as the  enzyme.  Highes t  
peroxidase  ac t iv i ty  was ob ta ined  at  p H  5.5. 

Though  H202 is a subs t r a t e  for perox idase  enzyme,  
excess of t-I202 has an inh ib i to ry  effect  ~, G, 12, la. Therefore  
o p t i m u m  H30 ~ concen t ra t ion  is a ve ry  i m p o r t a n t  cri- 
te r ion  for assaying the  enzyme.  H e a d  k idney  soluble 
s u p e r n a t a n t  peroxidase  ac t iv i ty  was l inear agains t  the  
concen t ra t ion  of H20 3 and  a peak  was ob ta ined  a t  1.2 
~moles / incuba t ion  mix ture ,  en zy me  ac t iv i ty  was then  
sharp ly  inh ib i t ed  (Figure 1). 

Role of some known peroxidase  inhib i tors  was tes ted  
on the  soluble head k idney  peroxidase  and  the  results  are 
depic ted  in Table  II .  Thiouraci l  and  cyanide  inhib i ted  
the  enzyme at  t he  concen t ra t ion  of 10 -~ M, bu t  in th is  
concen t ra t ion  th iourea  had  no inh ib i to ry  effect. Thiourea  
inh ib i ted  the  enzyme ac t iv i ty  a t  10 -3 M concent ra t ion .  
Reduc ing  agents  like ascorbic acid and  reduced  Gluta-  
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for their hospitality and many helpful discussions and criticism. 
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the manuscript. 
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t h i o n e  i n h i b i t e d  t he  pe rox idase  ac t i v i t y  a t  10 -3 M.  
Over  a n d  above  t he  r eagen t s  ment ioned ,  in  t h e  t e x t  
above  c o m p o u n d s  are a d d e d  in a f ina l  c o n c e n t r a t i o n  as 
men t ioned .  

W h e t h e r  these  pe rox idases  are  iodide pe rox idase  or 
no t  was assayed  accord ing  to t h e  m e t h o d  of ALEXANDER 14. 
150 ~moles of sod ium p h o s p h a t e  buf fe r  p H  5.5, 20 ~zmoles 
of KI ,  2.4 ~moles of H~O~ a n d  an  a p p r o p r i a t e  a m o u n t  of 
e n z y m e  in a t o t a l  vo lume  of 3 ml.  Opt ica l  dens i t y  was  t h e n  
measu red  a t  353 nm.  F igure  2 shows t h a t  th i s  head  
k i d n e y  soluble  s u p e r n a t a n t  pe rox idase  s ign i f i can t ly  
oxidized iodide in to  t r i - i o d i d e .  F o r m a t i o n  of I -~ a t  
353 n m  sugges t  t h a t  t he  e n z y m e  is ac t ive  in t he  ox ida t i on  
of iodide wh ich  m e a n s  t h a t  t h y r o i d  a c t i v i t y  m a y  be  
loca ted  in t he  soluble  s u p e r n a t a n t  po r t i on  of t he  head  
k idney .  As t h e  t h y r o i d  of th i s  f ish is v e r y  diffused and ,  

iI l-developed, and  as some ear l ier  r epo r t s  conclude  t he  
i n a c t i v i W  of t h y r o i d  g land  in fishes~5, a6, th i s  iodide  
o x i d a t i o n  is v e r y  s ignif icant .  

Zusammen/assung. I n  de r  Kopfn ie re  des Te leos t ie rs  
dnabes testudineus wurde  eine besonders  hohe  Perox idase -  
Aktivi t~t t  nachgewiesen,  insbesondere  deren  I o d i d - O x y d a -  
t ion  zu Tr i - Iodid .  

D. KUIvIAR, P. DAS GUPTA a n d  
S. BHATTACHARYA 

Department o[ Zoology, Visva- Bharati University, 
Santinihetan (West Bengal, India), 10 November 1972. 

14 N. ,~V[. ALEXANDER, Analyt. Chem. 4, 341 (1962). 
~ O. B~RG and A. GORB.~AN, Proe. Soc. exp. biol. Med. 86, 156 (1954). 
16 p. y.  FORT~NE, Nature, Lond. 178, 98 (1956). 

Col lagen  B i o s y n t h e s i s  in v i tro  and the  C o n s e q u e n c e s  of Bac ter ia l  C o n t a m i n a t i o n .  
S tud ie s  on  Vascu lar  Connec t ive  T i s s u e  in Rabbi t s  

The  col lagen b iosyn thes i s  in  connec t ive  t i ssue  of va r ious  
organs  has  been  s tud ied  ex tens ive ly  in t he  l a s t  decade.  
One of t he  m e t h o d s  used  for th i s  pu rpose  has  been  t h e  
m e a s u r e m e n t  of t he  syn thes i s  of 14C-hydroxyprol ine f rom 
14C-proline, as comple t e ly  descr ibed for t h e  sk in  b y  UITTO 1. 

Normal ly ,  an t ib io t i c s  are added  to  i n c u b a t i o n  sys t ems  
in v i t ro  to  e l imina te  a poss ible  effect  of bac te r i a l  con ta -  
m ina t i on .  To t he  au tho r s  knowledge,  however ,  no  syste-  
m a t i c  s tud ies  h a v e  been  p u b l i s h e d  on t he  effect  of bac te -  
r i a  on  t h e  a n a l y t i c a l  sys tem.  F u r t h e r m o r e ,  a n  effect  of 
added  an t ib io t i c s  per  se on  t he  b iosyn thes i s  of col lagen 
and  e las t in  c a n n o t  be  excluded.  

The  a im of t he  p re sen t  i n v e s t i g a t i o n  was to  c o m p a r e  t he  
resu l t s  o b t a i n e d  u n d e r  s ter i le  cond i t ions  and  those  in  t he  
p resence  of bac ter ia .  

Material and methods. Male a lb ino  rabb i t s ,  a b o u t  5 
m o n t h s  old a n d  weighing  a b o u t  3 kg, were fed a commerc i a l  
chow and  sacrif iced b y  a n  a n i m a l  pistol .  The  ha i r  of t h e  
a b d o m i n a l  wal l  was  washed  w i t h  60 % e thanol ,  w h e r e u p o n  
t he  skin  was  cu t  w i t h  a s ter i le  pa i r  of scissors. 

Ster i le  cond i t ions :  W i t h  a new steril'e pa i r  of scissors, t he  
t h o r a x  a n d  a b d o m e n  were opened  and  t he  a o r t a  was  dis- 
sec ted  free w i t h  a t h i r d  set  of s ter i le  i n s t r u m e n t s .  T he  a o r t a  
was  i m m e d i a t e l y  t r ans fe r r ed  to  a s ter i le  Krebs -R inge r -  
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Fig. 1. DP1K l~C-proline incorporation in intima media of rabbit 
aorta per 2000 ~zg hydroxyproline as function of incubation time. 
A, Bacteria present; 0, Bacteria not present. 

B i c a r b o n a t e  so lu t ion  p laced  in a s ter i le  1 m 3 i n c u b a t o r  
t h r o u g h  wh ich  a l a m i n a r  air  flow was led. All t he  follow- 
ing m a n i p u l a t i o n s  were done  w i t h i n  t h i s  s ter i le  i ncuba to r .  
The  f u r i E s - m e d i a  p a r t  of t he  a o r t a  was  isola ted as des- 
c r ibed  b y  LORENZEN 8, and  t h e n  sliced para l le l  to  t h e  axis  
of t h e  a o r t a  in  e igh t  0.8 m m  b r o a d  s t r ips  us ing  para l le l  
razor  b lades  and  a m a n u a l  vice.  

The  t issue-sl ices were t r an s f e r r ed  to s ter i le  t u b e s  con- 
t a i n i n g  2 ml  of a K r e b s - R i n g e r - B i c a r b o n a t e  m e d i u m  s, 
20 m M  N - 2 - h y d r o x y - e t h y l p i p e r a z i n e - N i - 2 - e t h a n e s u l  - 
phon ic  acid (Hepes) p i t  7.4, 20 m M  glucose a n d  2.5 ~Ci 
L-14C-proline (New E n g l a n d  Nuc lea r  Coopera t ion .  tZadio- 
chemica l  p u r i t y  g rea te r  t h a n  99.5%. U n i f o r m l y  labelled).  

The  t ubes  were asep t ica l ly  s toppered ,  p laced  in  a Water- 
b a t h  and  s h a k e n  a t  37 ~ for 12 h unless  o the rwise  s ta ted .  
T h e  t i m e  t a k e n  f rom w h e n  t h e  a n i m a l  was  sho t  un t i l  t h e  
t u b e s  were s toppe red  was 4 -5  rain.  A t  t h e  end  of t h e  incu-  
b a t i o n  per iod  samples  of t h e  i n c u b a t i o n  m e d i u m  were re- 
m o v e d  for bac t e r i a l  e x a m i n a t i o n  in a bac ter io logica l  la- 
bo ra to ry .  The  i n c u b a t i o n  t ubes  were s tored  a t  - 2 0 ~  
un t i l  b iochemica l  e x a m i n a t i o n ,  wh ich  was pe r fo rmed  up  to  
2 weeks la ter .  

Bac te r i a l  cond i t ions  : The  same procedures  as descr ibed  
above  were used  excep t  t h a t  on ly  1 pa i r  of scissors was  
used and  t h a t  t he  i n c u b a t o r  was  n o t  used. No b a c t e r i a  
were  added  to  t h e  s ter i le  i n c u b a t i o n  m e d i u m  a n d t h e  t r ea t -  
m e n t  of t he  t i ssue  could b e s t  be  descr ibed  as 'as  s ter i le  as 
possible ' .  Bac t e r i a l  e x a m i n a t i o n s  were done  w i t h  one in-  
ocu la t ion  s t ick  f rom each  of t he  samples  a t  t h e  end  of t he  
i n c u b a t i o n  t ime,  as well  as f rom t h e  14C-proline ba~cch a n d  
t he  r e m M n i n g  i n c u b a t i o n  med ium.  All i nocu la t i on  s t i cks  
were t a k e n  to  a bac ter io logica l  l a b o r a t o r y  ~ and  n u m e r o u s  
a m o u n t s  of bac t e r i a  were t a k e n  as a n  i ndex  of con t ami -  
na t ion .  

Af ter  s torage  a t  - 2 0  ~ all  samples  were t r e a t e d  equa l ly  
as follows. The  samples  were  homogen ized  in 13 m l  w a t e r  
in  a Vi rTis  '45 '  a t  h i g h  speed for  10 min .  T h e  t e m p e r a t u r e  
s u r r o u n d i n g  t h e  v ia l  was  k e p t  a t  - 6  to  - 8  ~ t h u s  keep ing  
t he  t e m p e r a t u r e  inside t h e  sample  a t  a b o u t  + 2  ~  
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