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3 ml  pooled normal  human  serum was appl ied to the  
column. 81 fract ions of 5.5 ml  were collected at  f low rate  
of 30-35 ml/h.  Chromatography  was s tar ted  wi th  0.02 M 
phospha te  buffer and then  a system of stepwise increasing 
NaC1 concentra t ion (0.02, 0.1, 0.2, 0.4, 1 M) was applied. 
Pro te in  conten t  of the  eff luent  was de te rmined  by 
measuring optical  dens i ty  (OD~s0) and by LowRY 
method*.  

After  ch romatography  the  peaks of each group were 
pooied and dialyzed. Concentra t ion of the  eff luent  frac- 
tions was made  by lyofi l izat ion after  dialysis. Each  peak  
was analyzed by immunoelect rophores is  v-9, using a horse 
ant iserum, and the  ind iv idua l  prec ip i ta te  arcs were also 
ident i f ied by the  me thod  of OSSERMAN ~~ Starch-gel  
electrophoresis ~* was performed wi th  a discont inuous 
buffer  s y s t e m  

Results and discussion. The absorpt ion of the  eff luent  
(its prote in  content)  separa t ing  the  serum into 6 fract ions 
(I -VI) ,  is reproduced in Figure  1. The individual  fract ions 
analyzed by immunoelec t rophores is  are demons t ra ted  in 
Figure  2. 

The bulk of the  proteins  passes th rough  the  l iquid 
phase outside the  molecular  sieve and is eluted first. The  
immunoelec t rophore t ic  analysis of the  first  fract ion (~) 
develops a lmost  a complete  prote in  spectrum. The 
y-region - IgA, IgM and IgG appears  only in tha t  fraction.  
The  ill-region seems to be also unvaried,  except  for hemo-  
pexin,  which is complete ly  missing. The a~-region is 
lacking in m a n y  of its components .  The e0, ~ and 
p rea lbumin  regions are also ve ry  poor. P rea lbumin  (el) is 
comple te ly  re ta ined (Figure 2, I). W h e n  the  first  f ract ion 
is adsorbed wi th  ant iserum, or when the  fract ions I I - V I  
are ident i f ied by means  of direct  immunoelect rophores is  7-9, 
or using specific me thod  of ident i f ica t ion  ~~ one can see 
the  following : Af ter  perfect  technical  separa t ion  the  2nd 
fract ion contains  only t races of a lbumin  (Figures 2 and 
3). In  the  3rd fract ion a lbumin  appears  again, fur ther  
~ - a n t i t r y p s i n  and a prec ip i ta t ion  arc in the  ~ region. In  
the  4th fract ion albumin,  ~ - a c i d  glycoprotein,  e~-anti- 
t rypsin,  haptoglobins,  ceruloplasmin and hemopexin  can 
by demonstra ted.  The fraction V contains  traces of a lbumin,  
~t-anti trypsin,  haptoglobins  again and prealbumin.  Almost  
pure  prea lbumin  appears  in the  fract ion VI. By  the  stepwise 
increasing NaC1 concentra t ion  used, i t  is the  prote in  which 
is eIuted last (Figure 3, VI). The  ident i f icat ion of pre~ 
a lbumin  by  means  of direct  immunoelect rophores is  is pos- 
sible only after  d i la t ion of an t i serum (Figure 2, VI).  

The results obta ined by starch-gel  electrophoresis,  are 
near ly  the  same as those obta ined by immunoelec t ro-  
phoresis (Figure 4). 

H u m a n  serum proteins  are pa r t ly  re ta ined on D E A E -  
Sephadex A-25. The charac ter  of the  re ta ined proteins  
shows relat ionship to the  giycoproteins,  a~-acid glyco- 
protein,  m~-antitrypsin, haptoglobins,  ceruloplasmin and 
hemopexin  are re ta ined most  of all. The immunoelec t ro-  
phoret ic  analysis also revealed the  re tent ion  of some 
proteins,  which were usual ly  not  grouped toge ther  wi th  
glycoproteins,  t hough  a lbumin  or its t races were obta ined 

in the  fract ions I to V. I t  is l ikely t h a t  a high degree of 
heterogenei ty ,  due to complexes  of a lbumin  wi th  other  
smalI molecules, is responsible for th is  behaviour ,  or i t  is 
the  phenomenon  observed at  the  par t ia l  dissolution of 
these proteins  in perchlor ic  acid due to the  pro tec t ive  
p roper ty  of the  glycoproteins  ~ - ~ .  I t  is of special in teres t  
t h a t  i t  was possible to separate  a lmos t  pure  p rea lbumin  
in the  last  fract ion,  a l though p rea lbumin  has a carbo- 
hydra t e  composi t ion which is ve ry  different  from the  
average of all p lasma proteins,  wi th  a ve ry  low hexosamine 
to hexose rat io  and no sialic acids~S. 

Much work  has been carried out  in recent  years in 
connect ion the  pathological  var iables  wi th  glycoproteins 
in pa t ien ts  ~9-~, nevertheless  the  pathological  significance 
is not  ye t  exact ly  understood.  The  me thod  described 
m a y  possibly give more signif icant  in format ion  about  the 
levels, presence, or  absence of ind iv idua l  glycoproteins.  

Zusammen/assung. Zur F rak t iomerung  der H u m a n -  
p lasmaprote ine  wurde D E A E - S e p h a d e x  A-25 ve rwende t  
und die F rak t ionen  I - V I  durch I m m u n o -  und St~rkegel- 
e lektrophorese charakter is ier t .  Nach  Elu ie rung  der 
prote inre ichen 1. F rak t ion  wurden zahlreiche Glyko- 
prote ine  gefunden und die Abt rennung  yon ~ -P r / t a lbumin  
erreicht.  
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Histone Synthesis in Amphibian Oocytes and Early Embryos 1 

Amphib ian  embryos  have  been demons t ra ted  to 
synthesize prote in  at  substant ia l  rates dur ing both  the  
pro- and post-fer t i l izat ion stages of early deve lopment  s. 
Modulat ions in the  electrophoret ic  pa t te rns  of newly 
synthesized prote in  have  also been observed dur ing the  
early cleavage stages of those embryos.  Some of those 

modula t ions  require the  presence of funct ionM chromo- 
somes 3, while others are inf luenced by the  composi t ion of 
the  egg c y t o p l a s m 4  

A more complete  unders tanding  of the  regulat ion of 
early prote in  synthesis  in amphib ian  embryos  migh t  be 
achieved if the  iden t i ty  of some of the  newly synthesized 
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pro te ins  was es tabl ished.  The s tudies  r epor ted  in th is  
communica t i on  were u n d e r t a k e n  as an a t t e m p t  to 
f rac t iona te  t he  newly syn thes ized  pro te ins  as a f i rs t  s tep  
towards  iden t i fy ing  some of the  p ro te ins  which  are 
syn thes ized  dur ing  ear ly  amph ib i an  deve lopment .  An 
examina t i on  of the  size character is t ics  and  e lec t rophore t ic  
mobi l i t ies  of a subs tan t i a l  p ropor t ion  of t he  newly  syn the -  
sized pro te in  sugges ted  t h a t  some of those  p ro te ins  
resembled  his tones.  Appropr i a t e  f rac t iona t ion  and  char-  
ac te r iza t ion  m e t h o d s  were therefore  employed  and  the  
results  of these  studies,  r epor ted  here, indica te  t h a t  bo th  
oocytes  and ear ly  embryos  synthes ize  his tones.  

Frogs  (Rana  pipiens)  were ma in t a ined  in t he  l abora to ry  
and  eggs ob ta ined  by  s t anda rd  me thods  5. E m b r y o s  which  
lacked func t iona l  ch romosomes  were p roduced  by mechan-  
ical enuclea t ion  ~. [aH]-leucine (36 FCi/mM) was in jec ted  
in 0.02 F1 quan t i t i e s  in to  e i ther  the  equa to r  region of 
oocytes  or ferti le eggs, the  blastocoel  of midcleavage  s tage 
embryos ,  b o t h  the  blastocoel  and  a rchen te ron  of gastrulae,  
and  the  area benea th  the  neural  p la te  of neurulae.  
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Fig. 1. Molecular weight characterization of acid-soluble proteins 
from mideleavage stage embryos, 10% acrylamide-SLS gels were 
calibrated with molecular weight markers. A sample of [SH]-Ieucine 
labelled acid-soluble protein was applied to 1 gel and the migration 
of the radioactivity monitored. A duplicate gel was stained with fast 
green to reveal the electrophoretic mobility of the bulk of the acid- 
soluble proteins. Commercially available preparations of lysine rich 
histories and arginine rich histones were also run on duplicate gels 
and stained with fast green. 

E m b r y o s  were incuba ted  for 2 h a t  18~ Dur ing  t h a t  
incuba t iou  per iod ap p ro x i ma t e l y  30-35% of the  in jec ted  
isotope was incorpora ted  in to  cold t r ich lorace t ic  acid 
(TCA) p rec ip i t a t ed  mater ia l .  I n j ec t ed  embryos  were 
suspended  in 0.01 M Tvis --  0.15 M NaC1 (pH 7.0) and  
sonically d i s rup ted  for 1.5 rain. Tile m e t h o d  descr ibed by  
LucI~ et  al. 7 was employed  for t he  acid f rae t ionat ion .  
Briefly, the  emb ry o  homogena te  was thr ice  ex t r ac t ed  
wi th  0.4 N H2SO 4 and  the  acid soluble mate r ia l  precipi-  
t a t e d  overn igh t  w i th  95% e thanol  a t  - -20~ Af te r  
wash ing  the  p rec ip i ta te  4 t imes  wi th  addi t iona l  e thanol  i t  
was dissolved in an aqueous  solut ion of 6 M urea. At  each 
s tep a l iquots  of the  ex t rac t ion  mix tu re  were p rec ip i t a t ed  
wi th  15% TCA for moni to r ing  the  recovery  of incorpo- 
r a t ed  isotope.  Special caut ion  was exercised to  insure t h a t  
each ex t rac t ion  was carr ied ou t  a t  a t e m p e r a t u r e  of 
0-2~ and  t h a t  each  ex t r ac t ion  s tep  w i t h  0.4 N H~SO~ 
was l imi ted  to  30 min.  

A p H  3.2-8 M urea acry lamide  (15~ gel sys t em 
devised by  PANYIM and  C H A L K L t g Y  8 w a s  used for t he  
charac te r iza t ion  of acid-soluble prote ins .  Fas t  green was 
employed  for s ta in ing  pro te in  bands  ". Commercia l ly  
avai lable  (Sigma Chemical  Co., St. Louis) p repa ra t ions  of 
his tones,  including arginine r ich  (catalog n u m b e r  H-9500) 
and  lysine r ich (catalog n u m b e r  H-9375) types ,  were 
employed  as reference markers  in the  e lect rophores is  
sys tems.  Rad i o ac t i v i t y  in t he  gels was  moni to red  by  
previous ly  descr ibed me t h o d s  ~0 

The f rac t ion of the  ISHl-leucine which was incorpora ted  
in to  p ro te in  and could be ex t r ac t ed  f rom a crude homog-  
ena te  w i th  0.4 N H~SO4 was de t e rmined  for several  
deve lopmen ta l  stages. A re la t ively  co n s t an t  p ropor t ion  of 
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Table I. Extraction of tt3-1eu 1abelled acid-soluble proteins from various embryonic stages 

Step 2-Cell Mid-cleavage Early gastrula Mid-gastrula Neural plate 

cpm~ Recovery b cpm Recovery epm Recovery epm Recovery cpm Recovery 
(%) (%) (%) (%) (%) 

I. Crude extract 3.7• 106 100 4.0 • 106 100 4.3 • 106 100 2.5 • 106 100 2.9 • 105 100 
II. 0.4NH2SO 4 4.9• a 13.2~=2.1 4.8x105 1 6 . 6 i l . 2  1.2• 20.7=[_1.8 5.6x105 18.7=t=2.0 4.5• ~ 16.4-4-1.1 
extraction 
III. Ethanol 4.6• 12.6~1.1 4.4• 11.4~1.5 7.4• 16.0=~1.0 3.3• 13.8~2.1 3.4• 10.64~1.8 
precipitation 
IV. Electro- -- 93 -- 99 -- 83 -- 97 -- 91 
phoresis o 

TCA precipitation of extracts prepared from 15 embryo samples. Data from 1 experiment, b Mean of 3 separate experiments. In addition, 
occasionally double isotope (eg. H3-1eu-2 cell and Cl*-leu gastrulae) extractions were performed. The results verified the stage specific dif- 
ferences observed above, c Recovery expressed as percentage of cpm of step IfI material applied to pH 3.2-8 M urea gel system which was 
recovered in the serial sections associated with the fast-green stained bands. 
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the  newly synthesized prote in  was acid soluble, as the  
da ta  presented in Table  I indicate.  For  each stage, f rom 
2-cell th rough  neurula,  app rox ima te ly  11-16% of the  
[~H]-leucine incorpora ted  into t r ichloracet ic  acid pre- 
c ip i ta ted  mater ia l  was acid soluble. The apparen t  increase 
in propor t ion  of newly synthesized prote in  which resembles 
histones m a y  reflect  the  substant ia l  increase in the  number  
of nuclei  in the  gastrula  stage embryo  over  the  earlier 
embryonic  stages. Recen t  studies in our l abora to ry  
reveal  t h a t  the  p resumpt ive  ec toderm-mesoderm display 
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Fig. 2. Eleetrophoresis of [SH]-leucine labelled acid-soluble protein 
from various embryonic stages on acid-urea gels. 1 gel was serially 
sectioned and monitored for radioactivity and a duplicate gel was 
stained with fast green, a) 2-cell stage; b) mideleavage; e) early 
gastrula ; d) neural plate. The electrophoretic characteristics of lysine 
rich and arginine rich histones are included in (a) for compariosn. A 
third sample of each acid-soluble extract was applied to the SLS-gel 
system described in Figure 2. The epm profiles are included in the 
inserts. 

an even greater  increase in the  re la t ive  ra te  of his tone 
synthesis  t h a n  the  endoderm lz. Once the  embryo  has 
entered into neurula t ion  the  f ract ion of newly synthesized 
prote in  which resembles his tone appeared to d iminish  
somewhat .  Since no de te rmina t ions  of the  rates of to ta l  
prote in  synthesis  were made, i t  is not  possible to speculate 
as to whether  a decrease in the  ne t  amoun t  of his tone 
synthesis  ac tual ly  occurred. These newly synthesized 
acid-soluble proteins were character ized wi th  regard to 
molecular  weight,  charge, and staining propert ies.  The 
da ta  in Figure  1 demons t ra te  t ha t  v i r tua l ly  all  of the  
rad ioac t iv i ty  and staining mater ia l  migra ted  as a single 
band to the  low molecular  weight  range of the  gel. The  
low molecular  weight  and re la t ive  homogene i ty  of the  
add-so luble  proteins  on cal ibrated SLS gels were ve ry  
similar  to histories. The re la t ive  e lectrophoret ic  mobil i t ies  
of commercia l ly  avai lable  prepara t ions  of histories were 
examined  on dupl icate  10% acry lamide-SLS gels. The 
staining pa t te rns  displayed in Figure  I reveal  the  similar- 
ities be tween the  electrophoret ic  mobil i t ies  on SLS gels 
of lysine rich and arginine rich histories and the  acid- 
soluble proteins,  

Samples of radioact ive  proteins  f rom the  ext rac t ions  
l isted in Table  I were applied to a p H  3.2-8 M urea, 15% 
acrylamide gel system. The staining pa t te rns  and radio- 
ac t iv i ty  profiles for acid-soluble proteins  f rom the  2-cell 
t h rough  neural  fold stages are presented in Figure  2. 
The staining pa t te rns  of each gel contained approx imate ly  
10 discrete bands.  Inc luded in these analyses are the  
staining pa t te rns  of lysine rich and arginine rich histones. 
No major  a l terat ions in the  s taining pa t te rns  of acid- 
soluble proteins were observed dur ing those develop-  
menta l  stages. 

The rad ioac t iv i ty  profiles of the  acid-soluble proteins 
f rom each stage revealed tha t  the  re la t ive  mobil i t ies  of 
several  of the  cpm peaks coincided wi th  the  stained 
prote in  bands.  The  profiles in Figure  2 also reveal  t h a t  
minor  changes in the  synthe t ic  pa t t e rn  accompanied  early 
embryogenesis.  

The recovery  f rom these gels of the  r ad ioac t iv i ty  
associated wi th  the  acid-soluble prote in  samples is g iven  
in Table  I. Be tween  83 and 99% of the  cpm in the  samples 
from each deve lopmenta l  stage was recovered in the  
regions of the  gel which conta ined the  fast-green stained 
bands. A sample of each ac id-ext rac t  was also applied to 
a 10% ae ry lamide-SLS gel system in order to provide  a 
molecular  weight  character iza t ion  of the  type  described in 
Figure  1. F r o m  the  acid-extracts  of each deve lopmenta l  
stage a single peak  of r ad ioac t iv i ty  in the  low molecular  
weight  range was obta ined (inserts to F igure  2, a-d) ,  

Table II. Extraction of [SH]-leucine labelled acid-soluble proteins 
from enueleated Rana pipiens embryos and ovarian oocytes 

Step % recovery of [5t-I]-leucine during 
acid extraction 

Enucleated Ovarian 
Rana pipiens 2-cell oocytes 

I. Crude extract I00 
II. 0.4 N H~SO 4 extraction 18.9 4- 2.1 
III. Ethanol precipitation 10.7 -k 1.3 
IV. Electrophoresis 83 

1oo 
15.o • 1.1 

7.2 4- 1.2 
85 

Mean of two separate experimel ts. 

11 I, E, LI)TZELER and G. M. ~{ALACINSKI, submitted (1974). 
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I n  a d d i t i o n  to  t h e  above  m e n t i o n e d  p rope r t i e s  those  
newly  syn thes ized  acid-soluble  p ro t e in s  were d i scovered  
to d i sp lay  e lu t ion  cha rac te r i s t i c s  f rom A m b e r l i t e  IRC-50  
res in  wh ich  r e sembled  h is tones ,  a n d  w h e n  label led  w i t h  
[sH]-argin ine  or [SHJ-lysine to  h a v e  h igh  c o n c e n t r a t i o n s  
of those  a m i n o  acids. These  f ind ings  are in  a g r e e m e n t  w i t h  
p rev ious  s tud ies  wh ich  employed  d i f fe ren t  e m b r y o s  a n d  
d e v e l o p m e n t a l  s tages  1~ 

B o t h  enuc l ea t ed  eggs a n d  o v a r i a n  oocytes  are also 
ac t ive ly  syn the s i z ing  h i s tones  (Table  II) .  P r ev ious  
s tud ies  on H e L a  cells la,14 e m p h a s i z e d  t h e  t e m p o r a l  
r e l a t ionsh ip  be tween  D N A  syn thes i s  and  h i s tone  synthes is .  
In  those  s tud ies  t he  syn thes i s  of h i s tone  was  l inked  to  
D N A  synthes is .  The  f ind ings  descr ibed  in th i s  r epo r t  
ind ica te ,  however ,  t h a t  t h e  a m p h i b i a n  oocyte,  d o r m a n t  
in t he  syn thes i s  of D N A  15,~, syn thes i zed  s u b s t a n t i a l  
a m o u n t s  of h is tones .  Indeed ,  h i s tone  synthes~s also pro-  
ceeds in t h e  absence  of f u n c t i o n a l  nucleus.  The  a p p a r e n t  
lack of a coo rd ina t i on  be tween  D N A  a n d  h i s tone  syn thes i s  
in  oocytes  m a y  ref lect  t he  s torage  in t he  oocyte  c y t o p l a s m  
of h i s tones  wh ich  will  be employed  d u r i n g  t he  ear ly  
c leavage  s tages  w h e n  D N A  syn thes i s  and  nuc lea r  d iv i s ion  
proceed  a t  excep t iona l ly  r ap id  ra tes .  A t  18 ~ t he  n u m b e r  
of ceils doubles  a p p r o x i m a t e l y  once eve ry  2 h ~7. 

Zusammen/assusg. Prote ine ,  die w~ihrend ve r sch iedene r  
E n t w i c k l u n g s s t a d i e n  der  A m p h i b i e n - E m b r y o g e n e s e  auf-  
t r e t en ,  w u r d e n  isoliert  u n d  n/ iher  cha rak te r i s i e r t ,  wobei  ein 
wesen t l i che r  Ante i l  der  m i t  aH-Leucin  m a r k i e r t e n  
P ro t e ine  aus  H i s t o n e n  bes teh t .  In  Eiern ,  de ren  Nukleus  
e n t f e r n t  wurde,  sowie in Ovar ien -Oocy ten ,  bei  denen  
ke ine  D N A - S y n t h e s e  s t a t f f i nde t ,  w u r d e n  j edoch  H i s t one  
syn the t i s i e r t .  
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Dif ferent ia t ion  of Cul tured  M u s c l e  in the  P r e s e n c e  of r  

There  is ev idence  t h a t  t he  ace ty lcho l ine  r ecep to r  is 
p r e sen t  in cu l tu red  ske le ta l  musc le  a t  a v e r y  ear ly  s tage 
of deve lopmen t ,  even  in some m o n o n u c l e a r  cells and  of ten  
before the  a p p e a r a n c e  of o rganized  con t rac t i l e  ele- 
ments1 ,  ~. I t  has  been  p o s t u l a t e d  t h a t  the  chol ino-  
r ecep to r  p lays  a role in  t h e  ear ly  e v e n t s  of myogenesis .  

Th i s  possible  func t i on  of t h e  ace ty lcho l ine  r ecep to r  ha s  
been  i n v es t i g a t ed  b y  cu l t u r i ng  m y o b l a s t s  in  D-tubo-  
cu ra r ine :  no  effect  on d e v e l o p m e n t  was seen d u r i n g  the  
f i rs t  48 h in v i t ro  1. A l t h o u g h  D- tubocura r ine  h a s  a h igh  
a f f in i ty  for the  chol inoreceptor ,  i ts  ac t ion  is revers ib le  
an d  t h e  r e c e p t o r - a n t a g o n i s t  complex  is, therefore ,  in  a 

Fig. 1. Morphology of myogenic cells in culture. Phase contrast micrographs, a) 3-day control culture, showing bipolar myoblasts and small 
myotubes, b) 3-day culture grown in ~-bungarotoxin (1 ~zg/ml). Calibration: 50 ~zm. 


