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On the Binding of Gelatine to Modified Serum 
Proteins Through Formaldehyde in an 
Experimental Blood Volume Expander 

The  p r e p a r a t i o n ,  in  o u r  I n s t i t u t e ,  of an  e x p e r i m e n t a l  
b lood  v o l u m e  e x p a n d e r  f rom b o v i n e  s e rum inc ludes  h e a t  
d e n a t u r a t i o n ,  f o rmo la t i on  a n d  a n  o x i d a t i o n  of s e r u m  
p ro t e ins  in  t he  p resence  of a p a r t i a l l y  deg raded  ge la t ine  
(PDG) ~. I n  t h e  p r e s e n t  s t u d y  we t r i ed  to  get  i n f o r m a t i o n  
whe the r ,  a n d  to  w h a t  e x t e n t ,  t h e  f o r m a t i o n  of in t e r -  
mo lecu la r  m e t h y l e n e  l inks  2-4 t akes  place  b e t w e e n  s e r u m  
pro te ins  a n d  P D G  u n d e r  t h e  g iven  cond i t ions .  

The  e x p e r i m e n t a l  a p p r o a c h  cons i s ted  in t h e  s e p a r a t i o n  
a n d  d e t e r m i n a t i o n  of b o u n d  a n d  free P D G  in t he  fol lowing 
s t a n d a r d  samples .  S a m p l e  A:  a m i x t u r e  of 4 vo lumes  of 
b o v i n e  s e r u m  (5% pro te in )  a n d  of 1 v o l u m e  of 4 %  P D G  
was h e a t e d  a t  100°C for 1 h a t  p H  8.5 in t he  p resence  of 
0.13°,/o fo rma ldehyde .  S a m p l e  B was  p r e p a r e d  b y  oxidiz-  
ing sample  A b y  1% h y d r o g e n  pe rox ide  a t  90 -95°C  for  
10 m i n  1. S a m p l e  C: to  4 Vol  of 5% b o v i n e  s e r u m  formo-  
l a t ed  p r e v i o u s l y  w i t h o u t  ge la t ine  in t h e  s ame  w a y  as 
s ample  A, 1 Vol  of 4 %  P D G  was a d d e d  a f t e r w a r d s  a t  
l a b o r a t o r y  t e m p e r a t u r e .  S a m p l e  D was  a s imple  m i x t u r e  
of 4 V o l  of 5% s e r u m  a n d  1 V o l o f 4 %  P D G .  

Gel  f i l t r a t ion  on  S e p h a d e x  G-200 was used  to s epa ra t e  
t h e  free low-molecu la r  P D G  (consis t ing  of par t ic les  of 
m.w.  10,000-15,000)5 f rom t h e  m a i n  h i g h - m o l e c u l a r  f rac-  
t i on  of t h e  modi f i ed  s e r u m  (wi th  par t ic les  of an  ave r age  
m.w. 100,000-150,000) 5, to  wh ich  a p a r t  of P D G  was  as- 
s u m e d  to  be  b o u n d  t h r o u g h  f o r m a l d e h y d e .  T he  a m o u n t  
of b o u n d  P D G  was t h e n  e s t i m a t e d  b y  c o m p a r i n g  t he  
c o n t e n t s  of h y d r o x y p r o l i n e  6 in  each  s a m p l e  before  t he  
gel f i l t r a t i on  ( th is  v a l u e  was  t a k e n  as 100%) a n d  in t h e  
s e p a r a t e d  h i g h - m o l e c u l a r  f r ac t ion  of t he  c o r r e s p o n d i n g  
sample .  T h u s  t he  s amples  A, B, C, a n d  D c o n t a i n e d  
b o u n d  P D G  in  r a t i o s  of 60%,  45%,  35%,  a n d  0% respec-  
t ive ly .  These  resul ts ,  even  t h o u g h  on ly  s e m i - q u a n t i t a t i v e ,  
s t i l l  i n d i c a t e d  a s ign i f i can t  b i n d i n g  of P D G  to  modi f i ed  
s e r u m  pro te ins .  

More  a c c u r a t e  q u a n t i t a t i v e  resul ts ,  howeve r ,  were  
ach i eved  b y  a n o t h e r  m e t h o d  7 based  on  t he  p r e c i p i t a t i o n  
of s e r u m  p ro t e in s  t o g e t h e r  w i t h  b o u n d  P D G  b y  5% t r i -  
ch loroace t ic  acid. Free  P D G  w h i c h  r e m a i n e d  in  so lu t ion  
d u r i n g  t h i s  o p e r a t i o n  was  t h e n  d e t e r m i n e d  t u r b i d i m e t r i -  
ca l ly  or  d e n s i t o m e t r i c a l l y  a f t e r  r eac t i on  w i t h  t a n n i n  a t  
p H  4.9. The  c o n t e n t  of free a n d  b o u n d  P D G  in t h e  
samples  t e s t e d  was  expressed  in %,  t a k i n g  s a m p l e  D as 
h a v i n g  100% P D G  free, i.e. 0 %  of P D G  b o u n d  to  s e r u m  
pro te ins .  T h e  re su l t s  are  p r e s e n t e d  in t h e  TaMe.  T h e  

s t a n d a r d  d e v i a t i o n s  of t he  m e a n  were ca lcu la ted  for  
P = 0.05. 

T h e  resu l t s  s h o w n  in t h e  Tab le  conf i rm t h e  ex i s tence  of 
t h e  i n t e r m o l e c u l a r  b i n d i n g  m e n t i o n e d  above ,  a n d  t h e y  
can  be  t a k e n  as all i nd i r ec t  p roof  of t he  f o r m a t i o n  of 
m e t h y l e n e  l inks  b e t w e e n  t h e  o t h e r  p r o t e i n  molecules  of 
b lood  v o l u m e  e x p a n d e r s  of t h i s  k ind ,  as h a d  been  as- 
sumed .  On o x i d a t i o n  ( sample  B) a p a r t  of b o u n d  P D G  
was  released,  p r o b a b l y  because  of t h e  r u p t u r e  of some 
b o n d s  u n d e r  t he  f o r m a t i o n  of fo rmic  acid 2, s. 

Binding of gelatine to serunl proteins in different samples 

Sample % of 
bound 
gelatine 

A (serum + gelatine, formolated) 34.9 :[_ 3.1 
B (sample A - oxidized) 18.8 -1- 2.6 
C (serum formolated, gelatine added afterwards) 5.5 4- 3.8 
D (serum + gelatine) 0 

Zusammen/assz,ng. B e i m  F o r m o l i e r e n  u n d  E r h i t z e n  
e iner  Mischung  y o n  R i n d e r s e r u m  u n d  te i lweise  abge-  
b a u t e r  Ge la t ine  wi rd  ein Tell  de r  Ge la t ine  k o v a l i e r t  a n  
die Molekfile des bei  d iesem Prozess  mod i f i z i e r t en  Se rums  
g e b u n d e n .  Die T r e n n u n g  der  n o c h  freien yon  de r  a n  die 
S e r u m p r o t e i n e  g e b u n d e n e n  Ge la t ine  k o n n t e  d u r c h  Gel- 
f i l t r a t i on  m i t  S e p h a d e x  G 200 u n d  d u r c h  I r a k t i o n i e r t e  
F~illung m i t  Tr ichloress igs / iure  e r r e i ch t  werden .  

T. I. PRISTOUPIL 
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A Study of DNA Synthesis in Sea Urchin Hybrids 
by the Incorporation of Ha-Thymidine 

I n  ou r  p rev ious  s tud ies  1,2 we h a v e  fol lowed t he  incor-  
p o r a t i o n  of C14-adenine i n to  R N A  d u r i n g  t h e  d e v e l o p m e n t  
of b o t h  n o r m a l  a n d  h y b r i d  sea  u r c h i n  embryos .  T h e  
p r e sen t  p a p e r  deals  w i t h  a s imi la r  s t u d y  o n  t he  s y n t h e s i s  
of D N A  b y  us ing  H 3 - t h y m i d i n e  as t he  precursor .  

The  h y b r i d s  s t ud i ed  were  Paracentrotus f~ x A rbacia 
(PA) a n d  _Paracentrotus ~ X Sphaerechinus ~ (PS).  B o t h  
c o m b i n a t i o n s  die s imi la r ly  a t  t he  ea r ly  g a s t r u l a  s tage  b u t  
are  qu i t e  d i f fe ren t  in  t h e i r  cy to logica l  b e h a v i o u r  a 5. I t  
would  be  of i n t e r e s t  to  k n o w  if a n d  h o w  t h e y  differ  in  

t h e i r  ab i l i t y  to  t a k e  up  labe l led  p recurso r s  i n to  DNA.  
T r i t i a t e d  t h y m i d i n e  ha s  b e e n  s h o w n  to  be  i n c o r p o r a t e d  
in t h e  nucle i  of a m p h i b i a n  hybr ids6 ,L  Ana lyses  of D N A  

1 p. S. CHE~¢ and F. BALTZER, Expel  18, 522 (1962). 
P. S. CHEN and F. BALTZER, Exper. 20, 236 (1964). 

3 A. H. WmTELEY and 1:. BALTZER, Pubbl. Staz. Zool. Napoli 30, 
402 (1958). 
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synthes is ,  by  using t r i t ium-label led  thymid ine  in sea ur- 
chin eggs and  dur ing  normal  development ,  have been 
r epo r t ed  b y  a n u m b e r  of previous authors  TM. After  we 
had  f inished the  p resen t  exper iments  in the spring of 1964, 
i t  became  known  to  us t h a t  an autoradiographic  invest i-  
ga t ion  on the  incorpora t ion  of various labelled precursors 
in to  DNA,  R N A  and  prote ins  of the hybr id  combinat ion  
PA had  been  carr ied out  by  FIcQ and BRACHET ~3. The 
resul ts  of these  two au thors  will be compared wi th  our 
own in la te r  sections.  

Fo r  P A  t h e  earl iest  s tage s tudied by  us was the newly 
h a t c h e d  b las tu la  aged abou t  17 h, because at  this t ime 
the  s w i m m i n g  b las tu lae  can easily be separa ted  from the  
unfer t i l ized eggs. For  P S  earlier stages have to be con- 
sidered,  as t he  m a j o r i t y  of S-chromosomes are a l ready 
e l imina ted  dur ing  the  first  cleavages 4,5. Wi th  some minor  
modi f i ca t ions  hybr id iza t ion  was done according to pro- 
cedures  g iven b y  HAGSTR6M 14.. For  PA eggs of Paracenlro- 
tus were  p r e t r e a t e d  for 10-15 min wi th  sea water  plus 
N a O H  (pH 9.3), and  sperms of Arbacia added in the 
presence  of egg e x t r a c t  of the  la t te r  species (see ELSTER xs). 
For  P S  the  eggs were t r ea ted  for 10-15 min wi th  t ryps in  
(Merck) before being insemina ted  wi th  sperms of Sphae- 
rechinus mixed  wi th  0.5% glycine. The culturing tem- 
p e r a t u r e  was  18°C. 

The  r ad ioac t iv i ty  of D N A  was es t imated as follows: 
e m b r y o s  of desired stages were incubated  for 2 h at  room 
t e m p e r a t u r e  (20-22 ° C) in sea wa te r  containing Ha-thymi - 
dine (final concen t ra t ion  4.44 /~c/ml). After  washing in 
sea w a t e r  con ta in ing  unlabelled thymidine ,  alcohol and 
ether ,  D N A  was ex t r ac t ed  wi th  perchloric acid according 
to tile m e t h o d  of SCOTT et  a1.16. The ex t rac t  was then  
neut ra l ized ,  t ho rough ly  dried, and its radioact ivi ty  esti- 
m a t e d  b y  a windowless  gas flow counter.  For  PP,  PA, 
P S  and  SS 100 embryos  and  for AA 200 embryos were 
used for each  analysis .  

In  r ecen t  years ,  paral lel  to  the  isotopic studies, we have  
also coun ted  the  n u m b e r s  of nuclei of various develop- 
men ta l  s tages in squashed  preparat ions ,  employing a t  
f i rs t  t h e  t e chn ique  descr ibed in CHEN and BALTZER l and 
t h e n  the  Gomori  s taining.  Wheneve r  DNA is deal t  with, 
i t  is of i m p o r t a n c e  to  know the  mitot ic  act ivi ty  as indi- 
ca ted  b y  t h e  increase of nuclei. In  evaluat ing the results 
of t he  nuclear  counts ,  it  mus t  be remembered  tha t  AA 
and  especial ly SS develop much  more  slowly than  PP.  
W h e n  P P  has r eached  the  stage of pluteus  wi th  four arms 
(P1. 2, see Figures  in \VrIITELE'Z and BALTZERa), AA 
s t a n d s  still  be tween  the  pr i sm and  the  early pluteus (PI. 1), 
and  SS even  remains  far beh ind  a t  the  late gactrula 
s tage  (GaJ 1/1). 

Our  overal l  da t a  of rad ioac t iv i ty  are summarized  in the 
Table.  These  include,  for b o t h  normal  and hybr id  em- 
bryos ,  a t  least  four  d i f ferent  stages, and  each value rep- 
resents  t he  average  de t e rmined  f rom two parallel samples. 

(1) The hybrid P A .  In  ag reemen t  wi th  our previous 
f indings on to ta l  D N A  ~, P P  and  AA differ quant i ta t ive ly  
in the i r  ra tes  of t h y m i d i n e  incorporat ion.  The values of 
P P  are a t  f i rs t  four  t imes  and  in later  stages two to  three 
t imes  h igher  t h a n  those  of AA. A similar difference has 
been  found  for the  n u m b e r s  of nuclei be tween these two 
species 2. A t  t he  age of 17-29 h the  incorporat ion rate  of 
t he  h y b r i d  PA is abou t  in t e rmed ia te  be tween the parental  
species and  cor responds  to abou t  half  of PP.  However,  a t  
l a te r  s tages  (35-47 h) it  drops  far below the  normal  range. 
Likewise the re  is a d i s t inc t  reduct ion  in its nuclear num- 
bers :  a t  47-48 h of age PP ,  which has developed to 
p lu teus  in t h e  mean t ime ,  has 1429 nuclei,  whereas PA, 
which  s t o p p e d  deve lopmen t  during gastrulat ion,  has only  
641 nuclei.  The cor responding  value of AA is 685 (see 

CHEN and BALTZER 2, p. 237; owing to individual  var ia-  
t ions the  nuclear  number s  given here are only  approx i -  
mate  values). Thus there  is a reasonable  ag reemen t  be- 
tween the rate  of incorpora t ing  htbelled t h y m i d i n e  in to  
DNA and the numbers  of nuclei. 

(2) The hybrid PS .  As a l ready ment ioned ,  the  m a j o r i t y  
of the pa ternal  chromosomes  are e l imina ted  a t  the  first  
cleavages4,L In the  blastulae aged 8 h, the  blastocoel  is 
still empty ,  but  the  germ wall con ta in ing  a b n o r m a l  
chromatin-vesicles  is less reguktr and th icker  in P S  t h a n  

Incorporation of H*-thymidine into I)NA at different developmental 
stages of normal and hyl)rid sea ttrchin embryos 

Developmental Age in h after No. of Radio- 
stage fertilization determi- activity 

(18°C) nations {epm[100 
embryos) 

I'P (6 series) 
Morula 4 h 30- 5 h 50 4 122.4 
MyBI 14 h 40-17 h 20 10 120.5 
Ga J 112-314 21 h 30-22 h 05 4 112.9 
Ga J 4/5-Pri 24 h 10-29 h 45 10 155.1 
PI-I 35 h 35--41 h 25 8 115.4 
P1-2 45 h 00--48 h 20 8 99.4 

AA (3 series) 
MyB1 17 h 00-17 h 20 6 30.0 
GaJ 1/2-2/3 24h 10-28 h 00 6 39.6 
Ga J 2]3-Pri 35 h 5541 h 25 4 49.8 
PI-1 (2) 45 h 00-52 h 25 8 52.7 

SS (2 series) 
Morula 6 h 00 2 60.4 
BI (before hatclfing) 14 h 40 2 66.8 
BI (after hatching) 21 h 30-22 h 05 4 75.9 
MyBI 27 h 50 2 72.5 
Ga 113-2/3 36 h 00 2 74.5 
Ga J 415-Pri 45 h 00 2 92.1 

PA (3 series) 
MyBI 17 h 00-17 h 40 6 61.3 
GaJO-112 24 h 15-29h 45 6 62.2 
Ga J 1/4-3/4 35 h 40-42 h 05 6 23.2 
Ga J 1/4-314 45 h 05-47 h 10 6 26.4 

PS (3 series) 
Morula (ehrom. elim.) 4 h 30- 6 h 05 4 60.1 
Stereoblastula 14 h 40-16 h 00 4 46.8 
Stereoblasttda/GaJO 21 h 30-22 h 05 4 40.5 
Stereoblastula/GaJO 27 h 50 2 22.3 
Stereoblastula/GaJ O 38 h 55 2 15.6 
Stereoblastula/GaJ O 45 h 00 2 18.6 
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in P P  (see F igure  4 in BALTZER and CHEN S). H y b r i d  em-  
bryos aged 15 h are s tereoblastulae,  filled wi th  degenera t -  
ing mater ia l s  in the i r  cavi ty .  A pa r t  of these embryos  at-  
t e m p t s  to gastrulate ,  t hough  la ter  t h a n  PP, bu t  does no t  
deve lop  further .  The  ear ly  abnorma l i t y  resul t ing f rom the  
e l iminat ion process is d i s t inc t ly  ref lected in t he  values  of 
t hymid ine  uptake .  Al though  the  values  of hybr id  em- 
bryos  a t  the  c leavage s tages (4~/,-6 h) still  a m o u n t  to 
ap p ro x i ma te ly  half  of PP, t h e y  v e r y  soon drop behind 
and are much  lower than  those of bo th  paren ta l  species 
a t  1 5 h a l r e a d y :  P P  abou t  120, SS 67, and PS  47, F ina l ly  
a t  39-48 h D N A  synthesis  in the  hybr id  drops  to only  
about  one  seven th  of t h a t  in the  ma te rna l  controls.  

Again  the re  is a cer ta in  paral lel ism be tween  the  ra te  of 
t h y m i d i n e  incorpora t ion  and  the  nuc lear  numbers .  At  
18-20 h there  are  abou t  400 nuclei  in PS,  compared  to  
abou t  600 in P P  and 400 in SS. B u t  t he  va lue  rises to 
517 and 670 in t he  P S  hybr id  aged 41-48 h, whereas  
wi th in  the  same period i t  increases to  956 and 1400 in P P  
and to 669 and 692 in SS (compare CHEN and BALTZER 2, 
p. 237, and some recent  counts).  

F r o m  thei r  au torad iographic  exper iments ,  FICQ and 
]3RACHET 13 concluded t h a t  the  incorpora t ion  of H 3- 
t h y m i d i n e  into D N A  is h igher  in AA t h a n  in PP .  A di rec t  
compar ison be tween  the i r  s tudy  and the  present  one is 
no t  possible because, in addi t ion  to differences in the  
techniques  used, t h e y  inves t iga ted  ma in ly  the  ear ly  de- 
v e l o p m e n t  while more da t a  are avai lable  to us for la ter  
stages. Besides the  ra te  of deve lopment ,  which  is s lower 
in AA t h a n  in PP ,  o ther  factors like t h e  pool  size and the  
cy top lasmic  up t ake  of t he  precursor  m i g h t  account  for 
such a discrepancy.  

The  d a t a  presented  by  FICQ and  BRACHET ~3 fur ther  
indicate  a considerably  h igher  incorpora t ion  of t hymid ine  
in P A  t h a n  in P P  for the  stages inves t iga ted  by  them.  On 
the  o ther  hand,  we found a much  lower u p t a k e  of th is  
labelled precursor  in P A  t h a n  in PP,  a t  least  f rom the  
mesenchyme  blas tu la  s tage onwards.  Since t h e y  dis- 
closed t h a t  D N A  synthesized by  the  hybr id  is abnormal ly  
unstable,  i t  seems possible t h a t  the  low values  of P A  
de te rmined  b y  us are pa r t l y  due to loss of some labelled 
D N A  by  the  ex t rac t ion  procedure.  

Another  po in t  of in teres t  is t h a t  the i r  au torad iographs  
suggest  the  e l imina t ion  of ch romat in  in t i le cy top l a sm of 
the  P A  hybr id .  However ,  in ag reement  w i th  our  observa-  
t ion,  no ch romat in  e l imina t ion  could be de tec ted  by  the  
Feulgen  s ta ining.  This  phenomenon  cer ta in ly  deserves a 
closer examina t ion ,  

According to  ev idence  avai lable ,  p ro te in  fo rmat ion  
t akes  place t h rough  the  t e m p l a t e  mechan i sm of R N A  

which is in t u rn  DNA-dcpenden t .  I t  would  be of in teres t  
to know to  w h a t  ex t en t  the  inhibi t ion  of D N A  synthesis  
is d i rec t ly  re la ted  to  the  le tha l i ty  of the  hybrids .  Dur ing  
the  first  17 h of deve lopment ,  a lmost  all PA  hybr ids  de- 
velop normal ly  and do no t  differ f rom the  P P  controls.  
Thereaf te r  bo th  types  of embryos  are charac te r ized  by  an 
inden ta t ion  of the  vege t a t i ve  par t ,  indica t ing  the  begin- 
ning of gastrulat ion.  I t  is at  this  cri t ical  s tage  t h a t  the  
deve lopmen t  of PA becomes re tarded.  E v e n  though  up to 
this  t ime  P A  develops as normal ly  as the ma te rna l  con- 
trols, its D N A  synthesis,  as indica ted  by  the  incorpora t ion  
of H3-thymidine,  is a l ready  reduced to  abou t  half  of PP .  
The  real  role of D N A  of Arbacia in ti le present  hybr id  
combina t ion  is unknown.  According to  MOORE ~s, the  ab-  
normal  d e v e l o p m e n t  could be a consequence of inexac t  
copies of the  genet ic  mater ia l .  But ,  as suggested by  
BRACHET 19 and BRACH1~T et  al. z°, the  possibi l i ty  t h a t  i t  
affects  ind i rec t ly  the  embryogenes is  t h rough  an abno rma l  
synthesis  or u t i l iza t ion of R N A  is no t  excluded.  Unfor -  
tuna te ly ,  we have  no da t a  lo t  stil l  ear l ier  stages. A com- 
par ison between this hybr id  and the  merogonic  combina-  
t ion (P)A would  be desirable 2x 

Zusarnmen/assung. (1) Es  wird die D N S - S y n t h e s e  der 
le ta len Seeigelbastarde Paracentro/us f¢ x Arbacia d~ (PA) 
und  Paracentrotus f~ × Sphaerechinus ~ (PS) mi t  H 3- 
T h y m i d i n  untersucht .  (2) D e m  verschiedenen,  der  Leta l i -  
t a t  vorausgehenden  En twick lungs typus  (PA ohne, PS  mi t  
Chromosomenet imina t ion)  en t spr ich t  ein verschiedener  
Ver tauf  der  H e m m u n g  der  DNS-Syn these .  Para l le l  dazu 
wird  die Ve rmehrung  in der  Anzahl  der  Kerne  vergl ichen.  
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Agglutinating Antibrain Antibodies in Dogs with 
Experimental Allergic Encephalomyelitis 

Al though  expe r imen ta l  allergic encephalomyel i t i s  (EAE)  
has  been induced  in var ious  animals ,  i t  has  n o t  a lways  
been  possible to  revea l  c i rcula t ing an t ib ra in  an t ibodies  in 
these  animals  1, 2 An t ib ra in  ant ibodies  h a v e  been de tec ted  
in  tho  sera of dogs and monkeys  wi th  E A E ,  w i thou t  a 
def ini te  corre la t ion be tween  the  occurrence of c i rcula t ing 
ant ibodies  and the  occurrence of the  disease being ascer- 
t a ined  a, 4, Animals  have  been  found which had  c i rcula t ing 

an t ib ra in  ant ibodies  w i thou t  clinical signs of E A E ,  and 
animals  t h a t  d isp layed severe  signs of E A E  wi thou t  
hav ing  an t ib ra in  ant ibodies  in the i r  sera x 

1 ]3. D. JA~KOVld and M. ISVANESKI, Int. Arch. Allergy 23, 188 
(1963). 
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3 C. E. LUMSD~N, E. A. KABAT, A. WOLf*, and A. E. BEZgR, J. exp. 
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