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shows a p re fe ren t i a l  a l k y l a t i o n  as c o m p a r e d  w i t h  n D N A  
af t e r  t r e a t m e n t  of r a t s  w i t h  a single in j ec t ion  of D M N A  or 
N - m e t h y l - N - n i t r o s o u r e a  9. 

Material and methods. Male W i s t a r  r a t s  we igh ing  180 to  
200 g were used. T h e y  were  s t a r v e d  24 h before  sacrifice.  
A dose of 100 m g / k g  D E N A  was  in jec ted  i.p. ( the D E N A  
p u r c h a s e d  b y  S c h u c k a r d t  was  d i lu t ed  w i t h  MaC1 0.15 M 
to  a c o n c e n t r a t i o n  of 40 mg/ml) .  Cont ro l  r a t s  were in jec ted  
w i t h  a s imi la r  vo lume  of MaC1 0.15 M.  1 h before  sacrifice, 
t he  an ima l s  were g iven  a n  i.p. i n j ec t i on  of 20 ~Ci 3H- 
T h y m i d i n e  a t  a specific r a d i o a c t i v i t y  of i C i /mM.  Af te r  
sacrifice, t h e  l iver  was  qu ick ly  r emoved ,  pe r fused  w i t h  
ice-cold 0.25 M sucrose pH7,  b l o t t e d  dry,  we ighed  a n d  
homogen i zed  in 10 vol. 0.25 M sucrose. 

The  s e p a r a t i o n  of nucle i  a n d  m i t o c h o n d r i a  as well  as 
t he  e x t r a c t i o n  of n D N A  a n d  m t D N A  were ca r r ied  ou t  as 
p rev ious ly  descr ibed  ~0. The  r a d i o a c t i v i t y  was m e a s u r e d  in 
a P a c k a r d  Tr i  Carb  l iqu id  sc in t i l la tor ,  a n d  t he  eff ic iency 
of c o u n t i n g  d e t e r m i n e d  b y  use of a n  i n t e r n a l  s t a n d a r d .  
The  a m o u n t  of D N A  was d e t e r m i n e d  b y  t i le  d ipheny l -  
a m i n e  r eac t ion  accord ing  to  ]31JRTOI~ ~1. T he  resu l t s  
(Table) are  expressed  in  d p m / m g  DNA.  

Results and discussion. R e l a t i v e l y  large di f ferences  m a y  
be  obse rved  in t h e  specific r ad ioac t iv i t i e s  f rom one series 
of r a t s  to  t h e  o ther ,  b u t  t he  r a t ios  of ac t iv i t i e s  of i n j ec t ed  
group re la t ive  to  con t ro l  g roup  were cons i s t en t  f rom one 
series to  t he  o t h e r  for a n y  g iven  t ime,  as well  for  n D N A  as 
for m t D N A .  The  resu l t s  of two  d i f fe ren t  e x p e r i m e n t s  are  
p r e s e n t e d  in t he  Table .  Fo r  each  expe r i m en t ,  5 r a t s  were 
used in o rder  to  h a v e  enough  l iver  t i s sue  for  t he  i so la t ion  
of m t D N A .  

F r o m  t h e  Table ,  i t  is seen t h a t  n D N A  syn thes i s  f i rs t  
passes  t h r o u g h  a n  i n h i b i t o r y  phase ,  t h e n  increases  
m a r k e d l y  30 h, a n d  s t i l l  more  48 h, a f t e r  i n j ec t ion  of 
D E N A ,  A s imi la r  increase,  t h o u g h  a p p e a r i n g  more  
rap id ly ,  ha s  been  obse rved  a f te r  i n j ec t ion  of D M N A  4. I t  
shows  t h e  a p p e a r a n c e  of a r e g e n e r a t i v e  process  i nduced  
b y  t h e  d i sc re te  necro t ic  lesions due  to  D E N A  injec t ions .  
If  t he  b e h a v i o u r  of l iver  n D N A  syn thes i s  in D E N A -  
t r e a t e d  r a t s  is r emin i s cen t  of w h a t  is obse rved  a f te r  p a r t i a l  
h e p a t e c t o m y ,  i t  is h o w e v e r  n o t  t h e  case for  m t D N A  
synthes i s .  W h e r e a s  in  r egene r a t i ng  liver,  m t D N A  

syn thes i s  c o n t i n u o u s l y  increases  sho r t l y  a f te r  pa r t i a l  
h e p a t e c t o m y  ~2, t he  increase  is sma l l  a n d  t r a n s i e n t  a f t e r  
D E N A  in jec t ion  a n d  is fol lowed b y  a r a t h e r  p r o n o u n c e d  
decrease  a t  t he  m o m e n t  w h e n  n D N A  syn thes i s  beg ins  to  
increase.  Therefore ,  t he  r egene ra t i ve  processes  i nduced  
b y  pa r t i a l  h e p a t e c t o m y  or b y  D E N A  inj ec t ion  are d i f fe ren t  
as far  as D N A  syn thes i s  is concerned.  Nuc lea r  D N A  
syn thes i s  is more  sens i t ive  t h a n  m t D N A  syn thes i s  to  
D E N A :  i n h i b i t i o n  is obse rved  a l r eady  1 h a f t e r  in j ec t ion  
for t i le  former,  b u t  on ly  f rom t h e  6 th  h for t he  l a t t e r .  I t  
r e m a i n s  to  be  e s t ab l i shed  w h e t h e r  di f ferences  in  a lkyla-  
t i on  level  b e t w e e n  n D N A  a n d  m t D N A  could a c c o u n t  for  
t he  differences  obse rved  in t i le  syn thes i s  of l ive r  n D N A  a n d  
m t D N A  in D E N A - i n j e c t e d  ra t s  13 

Rdsumd. L ' i n j e c t i o n  de d i6 t l l y ln i t ro samine  ~ des r a t s  
p rovoque ,  darts les heures  qu i  su iven t ,  une  i n h i b i t i o n  d e  
syn th6se  plus  for te  au  n i v e a u  du  D N A  nucl6aire  du  foie 
q u ' a u  n iveau  du  D N A  mi tochondr i a l .  A la p h a s e  d ' i nh ib i -  
t i on  succ6de une  s t i m u l a t i o n  de  syn thgse  de n D N A ,  
avec  r e t o u r  A u n  n i v e a u  n o r m a l  de la syn th~se  de m t D N A .  
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L y s o z y m e  Act iv i ty  in the  P la ice  (Pleuronectes platessa L.) 

Lysozymes  (EC 3.2.1.17) are  wide ly  d i s t r i b u t e d  in 
n a t u r e  1. Our  e x a m i n a t i o n  of te leos ts  c a u g h t  ill B r i t i s h  
wa te r s  showed  t h a t  ly sozyme was cons i s t en t l y  p r e s e n t  
t h r o u g h o u t  t he  y e a r  in  t he  sera  of f la t f i sh ;  Pleuronectes 
platessa L., Platichthys ]lesus (L.), Limanda limanda (L.), 
Scophthalmus maximus (L.) a n d  Scophthalmus rhombus 
(L.). W i t h  o the r  orders  i t  was va r i ab l e  in  i t s  occurrence,  
even  a m o n g  i nd iv idua l s  of t h e  same species, such  as t he  
haddock ,  Melanogrammus aegle/inus (L.), a n d  was n e v e r  
p re sen t  ill d e t e c t a b l e  a m o u n t s  in  30 spec imens  of cod 
(Gadus morhua L.) e x a m i n e d  over  a 2 y e a r  per iod.  
Lysozyme  a c t i v i t y  was m e a s u r e d  b y  a t u r b i d i m e t r i c  
assay  3, w i t h  h e n  egg w h i t e  lysozyme (Armour ,  crys ta l l ized)  
as a s t a n d a r d .  

Lysozyme,  e i t he r  a lone  or in  c o n j u n c t i o n  w i t h  comple-  
m e n t  a n d  a n t i b o d y  is t h o u g h t  to  c o n t r i b u t e  to  bac te r io -  
ly t ic  m e c h a n i s m s  in ve r t eb ra t e s ,  i nc lud ing  f ish ~. Fo r  
th i s  r eason  t he  p r e sen t  s t u d y  is conce rned  w i t h  t he  n a t u r e  
and  cel lular  or ig in  of l y sozyme  in t he  t i ssues  a n d  b o d y  
f luids of the: p l a i c e .  P r ev ious  work  h a d  shown  t h a t  
lysozyme was  p r e s e n t  n o t  on ly  in t h e  p lasma ,  b u t  also the  
c u t a n e o u s  m u c u s  4. 

Af te r  c en t r i f uga t i on  of hepa r in i zed  plaice  blood, a 
f r ac t ion  con ta in ing  e r y t h r o c y t e s  a n d  no d e t e c t a b l e  wh i t e  
ceils was  ob ta ined ,  t o g e t h e r  w i t h  a n o t h e r  f r ac t ion  con ta in -  
ing w h i t e  cells c o n t a m i n a t e d  w i t h  a sma l l  p r o p o r t i o n  of 
e ry th rocy te s .  The  2 f r ac t ions  were washed  a n d  lysed. 
Lysozyme  a c t i v i t y  could on ly  be  de t ec t ed  in t he  w h i t e  cell 
f rac t ion.  Since t he  e r y t h r o c y t e  f r ac t ion  was i nac t i ve  i t  
was conc luded  t h a t  t he  e n z y m e  was exc lus ive ly  assoc ia ted  
w i t h  t he  wh i t e  cells. Neu t roph i l s  a n d  monocy tes ,  t o g e t h e r  
w i t h  l y m p h o c y t e s  a n d  t h r o m b o c y t e s  h a v e  been  descr ibed  
in  plaice b lood 5, a l t h o u g h  t he  w h i t e  cells r e p r e s e n t  less 
t h a n  2% of t he  t o t a l  b lood  cells a n d  are compr i sed  of 
81% lymphocy te s ,  ~8% n e u t r o p h i l s  and  less t h a n  1% 
m o n o c y t e s  (D. A. CONRO'Z, pe r sona l  c o m m u n i c a t i o n ) .  
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I t  ha s  n o t  ye t  been  possible  to  isola te  i n d i v i d u a l  classes 
of cells f rom t h e  he t e rogeneous  w h i t e  cell popu la t i on .  
However ,  t h e  p r o d u c t i o n  o f  p e r i t o n e a l  e x u d a t e  ceils, 
18 h a f t e r  t h e  i.p. i n j ec t ion  of shel l f ish  g lycogen s, y ie lded  a 
r e a s o n a b l y  h o m o g e n e o u s  p o p u l a t i o n  of cells which ,  
morphologica l ly ,  m o s t  r e sembled  t h e  b lood  neu t roph i l s .  
These  ceils c o n t a i n e d  h ighe r  levels  of l y sozyme  t h a n  
were found  in t i le p la sma .  48 h a f t e r  g lycogen in jec t ion ,  
t he  m a j o r i t y  of t h e  e x u d a t e  cells were monocy t i c ,  b u t  
w h e n  h a r v e s t e d  a n d  lysed, were  also f o u n d  to  c o n t a i n  
l y sozyme  a t  c o n c e n t r a t i o n s  s imi la r  to  those  f o u n d  in  t h e  
ear l ier  g r anu locy t e  popu la t ion .  I t  is p r o b a b l e  t h a t  b o t h  
cell t ypes  c o n t r i b u t e  to  t h e  a c t i v i t y  of t h e  p l a sma ,  
since t he re  is a n  increase  in t h e  n u m b e r s  of b o t h  m o n o c y t e s  
a n d  n e u t r o p h i l s  in  t he  blood, fol lowing t he  i.v. i n j ec t ion  
of l a t ex  b e a d s  (0.091 7 m  d iamete r ) ,  a n d  a 50% increase  in  
t h e  s e rum lysozyme levels  5 h a f t e r  t h e  in jec t ion .  The  
c learance  of col loidal  c a r b o n  f rom plaice  b lood  showed t h e  
k i d n e y  a n d  spleen to  be  t he  p r inc ipa I  p h a g o c y t i c  organs ,  
b u t  n o t  t h e  l iver.  Th i s  m a y  a c c o u n t  for t he  absence  of 
l y sozyme  f rom t h e  l iver  homogena te s .  

R e p o r t e d  increases  in  t h e  l y sozyme  levels  of i m m u n i z e d  
f i sh  8, T could ref lect  changes  in  t h e  w h i t e  cell p o p u l a t i o n  
d u r i n g  t h e  d e v e l o p m e n t  of t h e  i m m u n e  response.  Var ious  
infec t ions  of f i sh  also resu l t  in  changes  in t h e  l eukocy te  
n u m b e r s  s, l ead ing  to  v a r i a t i o n s  in  t h e  b lood  lysozyme 
levels,  w h i c h  m a y  in  t u r n  be  d iagnos t i c  of t h e  disease 
s t a t e  of t h e  fish. 

A f r ac t ion  c o n t a i n i n g  all  t h e  lysozyme a c t i v i t y  could be  
i so la ted  f rom pla ice  s e rum b y  gel f i l t r a t i o n  on  S e p h a d e x  
G-75 (Figure).  T h e  e lu t ion  v o l u m e  was iden t ica l  w i t h  h e n  
egg lysozyme,  sugges t ing  a s imi la r  molecu la r  we igh t  of 
b e t w e e n  14,000 a n d  15,000. T h e  i so la ted  p la ice  s e rum 
lysozyme h a d  a p H  o p t i m u m  of 5.4 (I = 0.1) a n d  exh ib i t ed  
t he  p roper t i e s  a t t r i b u t e d  to  a lysozyme 9, inc lud ing  w e a k  
ch i t inase  (EC 3.2.1.14) ac t iv i ty .  Af te r  e lec t rophores is  on  
cellulose ace t a t e  a t  p H  8.6, t i le  lyr ic  a c t i v i t y  of t h e  bas ic  
lysozyme could be  d e m o n s t r a t e d  ~0 in t h e  c a t h o d a l  region,  
b u t  i t s  m i g r a t i o n  a t  on ly  hal f  t h e  speed of t h e  h e n  egg 
lysozyme p r o b a b l y  ref lects  a di f ference in t h e i r  amino  
acid composi t ion .  

W h i l e  f r ac t i ona t i ng  t he  plaice s e rum on S e p h a d e x  G-7 5, 
t h e  l a s t  p e a k  e lu t ing  f rom the  c o l u m n  was f o u n d  to  
c o n t a i n  a h i g h  level  of ch i t i nase  ac t iv i ty ,  d i s t i nc t  f r om 
t h a t  assoc ia ted  w i t h  t he  l y sozyme  f rac t ion .  A s imi la r  
f r a c t i o n a t i o n  of cod serum,  w h i c h  c o n t a i n e d  no  lysozyme,  
also e x h i b i t e d  ch i t i na se  a c t i v i t y  in  a low molecu la r  
we igh t  f rac t ion,  w h e n  assayed  w i t h  col loidal  c h i t i n  as 
s u b s t r a t e  x~. Un l ike  t h e  lysozyme,  t h e  ch i t inase  a c t i v i t y  
appea r s  to  be  r e l a t ed  to  diet ,  s ince t h e  ch i t inase  a c t i v i t y  
was r a p i d l y  los t  f rom t h e  sera  of cod a n d  plaice  w h e n  t h e y  
were  n o t  feeding.  

A l t h o u g h  a l eukocyt ic  or igin for plaice  p l a s m a  lysozyme 
would  be  in  a g r e e m e n t  w i t h  t h e  m a m m a l i a n  cond i t i on  ~2 
t h e  or ig in  of t h e  secre tory  ly sozyme  m a y  be  di f ferent .  
I n  t h e  plaice  skin, i t  h a s  been  poss ib le  to  d e m o n s t r a t e  
h i s tochemica l ly  ~a, d is t inc t ,  l y sozyme c o n t a i n i n g  cells, 
a b s e n t  f rom cod epidermis ,  w h i c h  do n o t  a p p e a r  to  be  
l eukocy tes  a n d  w h i c h  occur  b o t h  in t h e  basa l  l ayer  of t h e  
ep idermis  a n d  also m i g r a t i n g  t o w a r d s  t he  surface  (C. K. 
MURRAY, pe r sona l  commun ica t i on ) .  W h e t h e r  these  ceils 
are  t h e  on ly  source of sec re to ry  lysozyme in t h e  plaice,  is 
n o t  known.  Eos inoph i l i c  g r a n u l a r  cells, of u n k n o w n  
func t ion ,  h a v e  been  descr ibed  ill p la ice  ep ide rmis  ~ and  
w h e t h e r  these  are  r e l a t ed  to  t h e  l y sozyme  c o n t a i n i n g  
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Lysozyme content of tissues from Pleuronectes platessa L. 

No. of samples Tissue ptg lysozyme/mg protein 
(mean 4- s.e.m.) 

188 Serum 0.149 i 0.005 

29 Plasma 0.114 4- 0.01 

12 Lymph 0.231 4- 0.035 

36 Peritoneal exudate 
cells (18h) 0.449 4- 0.089 

12 Mucus 0.322 q- 0.09 

13 Kidney 0.278 -4- 0.043 

10 Spleen 0.146 4- 0.029 

15 Stomach 0.192 4- 0.037 

10 Gill lamellae N.D. 

15 Intestine N.D. ~ 

10 Liver N.D. ~ 

N.D. indicates lysozyme activity not detectable. Peritoneal ceils 
were harvested in 1.1% NaC1 (18 h after glycogen injection) and the 
packed cells, together with the other organs, were homogenized in 
water with an Ultra-Turrax. This was followed by 4 cycles of freezing 
and thawing and after centrifugation at 3000 g for 10 min, the 
supernatants were assayed. Mucus was dialysed against water at 4 ~ 
for 18 h and concentrated by freeze-drying, before assay. 
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Gel filtration on Sephadex G-75 of 3 ml of plaice serum. The shaded 
area indicates fractions containing lysozyme. Fractions (3 ml) were 
eluted at 9 ml]h from a column 90 • 1.5 em, with 0.06 M phosphate 
buffer pH 6.0 containing 0.05 M NaC1, at 4 ~ 
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cells remains  to  be establ ished.  Lysozyme  ac t iv i ty  was 
no t  associa ted wi th  t he  goble t  ceils, so t h a t  mix ing  
be tween  the  mucus  and  lysozyme p r o b a b l y  only  occurs 
a f te r  discharge.  I t  was  no t  possible  to  d e m o n s t r a t e  
lysozyme ac t iv i ty  in t he  de tached ,  mucus-f ree  ep idermis  
by  the  t u rb id ime t r i c  assay, which  m a y  ref lect  t he  loss of 
lysozyme conta in ing  cells in to  t he  mucus  dur ing  collection. 
Lysozyme  was also p re sen t  in the  gill mucus  b u t  could no t  
be d e m o n s t r a t e d  in t he  gill lamellae once the  mucus  
had  been  removed.  The origin of lysozyme in m a m m a l i a n  
secre t ions  has  no t  ye t  been  establ ished,  a l though  the  
d e m o n s t r a t i o n  of lysozyme in d i s t inc t  epi thel ia l  ceils of 
t he  h u m a n  pa ro t id  g land 1~ and  in P a n e t h  cells of mice 1, 
would  suggest  local syn thes i s  r a t he r  t h a n  der iva t ion  f rom 
the  p lasma,  and  m a y  be analogous to  t he  plaice epidermis .  

Zusammen/assung. Die U n t e r s u c h u n g  der  Lysozym-  
ver te i lung  im Gewebe des Knochenf ischs ,  Pleuronectes 
platessa L., ergab, dass  das P l a s m a - L y s o z y m  von  Leuko-  
zy ten  a b s t a m m t ,  das  t l a u t s c h l e i m - L y s o z y m  dagegen 
yon  spezif ischen Epidermiszel len .  
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Peroxide Detoxification Affecting the Production 
Cells in v i t r o  

The syn thes i s  and  secre t ion of immunoglobu l ins  (Ig) is 
a ma jo r  charac ter i s t ic  of mouse  m y e l o m a  tumors .  
Moreover,  cells der ived  f rom such t umor s  have  been 
shown to  be capable  of p roduc ing  Ig  in v i t ro  1, 3. The toxic  
effect  of pe rox ide  on t u m o r  ceils, when  the  former  is 
added  to  ceils or genera ted  by  r ad ia t ion  or chemical  
means ,  has  been  well d o c u m e n t e d  8, 4. Ev idence  is p resen ted  
here  for t h e  tox ic  effect  of endogenous ly  gene ra ted  
perox ides  on Ig  p roduc t ion  of mouse  mye loma  ceils 
in vi tro.  

MOPC 46 m y e l o m a  t umor s  were carr ied in BAL B/ c  
mice  by  s e r i a l t r an sp l an t a t i on  ~ and  cell suspensions  p repar -  
ed and  i ncuba t ed  wi th  rad ioac t ive  precursors  (SH-leucine) 
as prev ious ly  descr ibed 5-s. Specific an t i -mouse  v-globulin 
and  an t i - r abb i t  p-globulin ant i sera  were p roduced  and  
the  specific coprec ip i ta t ion  of labeled Ig w i th  t he  appro-  
p r ia te  controls  were  pe r fo rmed  as previous ly  descr ibed 5-s. 
This t echn ique  de tec t s  Ig  w i th  a h igh  degree o f  accuracy  
and  specif ic i ty  5, ~. 

of Immunoglobulin by Mouse Myeloma Tumor 

The effects  of glucose and  cell dens i ty  on the  in- 
corpora t ion  of r ad ioac t iv i ty  in to  Ig  b y  MOPC 46 t u m o r  
ceils are shown in Table  I. Glucose s t imula ted  incorpora-  
t ion  to  a grea te r  ex t en t  a t  low cell concen t ra t ion  t h a n  a t  
h igher  cell concen t ra t ion .  In  t he  absence  of glucose, a 
d i sp ropor t iona te  i nc r emen t  in Ig  p roduc t ion  resul ted  

1 IV[. POTTER, in Methodsin Cancer Research (Ed. H. Busch; Academic 
Press, New York 1967), vol. 2, p. 105. 
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Table I. Effect of cell density on the production of immunoglobulin by MoPe 46 tumor cells 

Experiment Cells/flask Incubation with glucose Incubation without glucose 

Radioaetivity in immunoglobulin (epm/flask) 

1 1 • l0 s 11.970 370 
5 • l0 s 27.390 6.380 

Radioactivity in Immunoglobnlin l0 s Cells 

cpm cpm 

1 • 10 s 67 ND �9 
5 • 10 s 162 ND a 
1 • 10 ~ 261 ND �9 
5 • l0 T 285 4 
1 • 108 270 6 
2 • 10 s 186 15 
3 • l0 s 124 28 
4 X l0 s 104 41 
5 • 10 s 92 36 

ND, not determined. 
Duplicate 30 ml beakers containing the desired cell number and 30 [~c 3H-leucine in 3.0 ml of incubation medium were incubated at 37 ~ for 
2 h. i flask received 30 [xl of 1 M glucose to yield a final concentration of 10 -~ glucose, while the duplicate flask received 30 ~t2 water. After 
incubation, the contents of the beakers were centrifuged at 1,350 • g for 5 rain, the extracellular medium transferred to a tube containing 
100 ~moles of unlabeled leucine in 2 ml 0.1 M Tris HC1 pH 7.4, and centrifuged at 9,000 • g for 5 min. Radioactivity specifically coprecipi- 
table as mouse immunoglobulin was determined as described. 


