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cells mul t ip l ied  in a m e d i u m  of c o n s t a n t  specific act iv i ty ,  one m a y  calculate  t he  ra te  of increase 
in t he  specific ac t iv i ty  of D N A P  if it  is a s s u m e d  (a) t h a t  t he re  is no renewal  of D N A P  and  (b) 
t h a t  the  size of the  D N A P  precursor  pool is negligible. Af ter  one generat ion,  the  specific ac t iv i ty  
of cellular D N A P  should  have  reached 5 ° % of t h a t  of the  m e d i u m ,  af ter  two genera t ions  75 %, 
and  af ter  five genera t ions  a l mos t  ioo %. For  Curve  1, t he  specific ac t iv i ty  of the  m e d i u m  was  
a s s u m e d  to be t h a t  of cellular D N A P  at  t he  end  of t he  exper iment ,  i.e., after  four  genera t ions  
of cells. For  Curve  2, t he  specific ac t iv i ty  of t he  m e d i u m  was ca lcula ted  f rom the  measu red  values  
of to ta l  p h o s p h o r u s  and  inorganic  32p. This  e s t ima te  m i g h t  be low since organical ly  b o u n d  phos-  
pho rus  in t he  m e d i u m  is p robab ly  no t  used  as rap id ly  as the  inorganic  phosphorus .  Never theless ,  
t he  expe r imen ta l  po in t s  show t h a t  u p t a k e  of 32p into D N A  followed t he  expec ted  kinet ics  for 
four  cell genera t ions  and  sugges t  t h a t  li t t le or no renewal  of D N A P  occurred.  

In  t he  second t ype  of exper imen t ,  the  release of 82p f rom the  D N A  of labelled ceils was  
m e a s u r e d  over  several  genera t ions .  Two Kolle flask cu l tures  were p ropaga t ed  for four  days  a t  
3 7 ° C  in a m e d i u m  con ta in ing  4 o %  horse s e rum and  2 .5% chick embryo  extract ,  in Ear le ' s  
ba lanced  sal ine solution,  and  o.25 mc of 3zp as carrier-free o r thophospha te .  The  ceils were t h e n  
ha rves t ed ,  centr i fuged,  washed  th ree  t imes  in Ear le ' s  saline, su spended  in Ear le ' s  saline to r emove  
c lumps ,  and  t he  resu l t ing  suspens ion,  which  conta ined  4 .6- lO 5 cells per  ml, was  d is t r ibu ted  in 
o.5 ml  por t ions  into a series of TI  5 flasks. These  flasks a l ready  con ta ined  2.0 ml  of the  horse 
se rum,  e m b r y o  ext rac t ,  saline m i x t u r e  men t ioned  above.  T h e y  were t hen  incuba ted  a t  37 ° C, 
and  a t  2-day  in te rva ls  six flasks were w i t hd rawn  for dupl ica te  m e a s u r e m e n t  of D N A P  and  DNAagP, 
and  for cell counts ,  as in the  first exper imen t .  On t he  fou r th  day,  i ml  of fluid f rom each of t he  
r ema in ing  cu l tures  was replaced wi th  fresh med i um.  The  resul ts  are shown in Fig. z. There  was 
lit t le loss of 82p f rom cellular D N A  dur ing  mul t ip l ica t ion  in isotope-free med ium.  

The  resu l t s  of bo th  t ypes  of e x p e r i m e n t  show t h a t  when  L s t ra in  cells f rom the  mouse  
m u l t i p l y  in vitro t h e  phospho rus  of the  D N A  fract ion is no t  renewed to a n y  signif icant  ex ten t .  
T h e y  also demons t r a t e ,  for this  s y s t e m  at  least, t h a t  repl icat ion of D N A  does not  occur in the  
m a n n e r  pos tu l a t ed  by  STEVENS et al. TM and  by  DAOUST el al. TM. 

This  work  was aided by  g ran t s  f rom the  Nat iona l  Cancer  I n s t i t u t e  of Canada ,  the  Publ ic  
H e a l t h  Service of t he  Nat iona l  I n s t i t u t e s  of Hea l th  of the  Uni ted  States ,  and  the  W. B. Boyd  
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The specifc esteriflcation of the carboxyl groups of gelatin 
with methanol and thionyl chloride 

Carboxyl  esterified gelat in  was  desired for s tudies  of phys ica l  proper t ies  of modif ied gelat ins .  
The  alkyl  su l fa te  and  alkali 1 m e t h o d  could not  be used  as alkali causes  ex tens ive  hydro lys i s  and  
as t he  m e t h o d  is no t  selective.  The  d i a z o m e t h a n e  ~ m e t h o d  and  t he  methano l -ace t i c  anhydr ide  3 
m e t h o d  are also no t  selective. The  alcohol and  hydrochlor ic  acid 4 m e t h o d  was  successful  in pro-  
duc ing  a h igh  degree of esterif icat ion wi th  m e t h a n o l  b u t  we have  found  t h a t  ex tens ive  degrada t ion  
occurred dur ing  the  long reac t ion  t i me  (7 days)  required.  BRENNER AND HtmER 5 h a v e  repor ted  t h a t  
alcohol and  th ionyl  chloride give good yields of ami no  acid es ters  while leaving the  amino  groups  
in tac t .  We  here  repor t  the  appl ica t ion  of t he  m e t h o d  for the  first t ime  to a protein,  namely ,  gelat in.  

The  esterif icat ion of gela t in  was largely comple te  in th ree  hours .  The  amino  groups  were 
no t  m e t h y l a t e d  as indica ted  by  Van  Slyke a m i n o  n i t rogen  de te rmina t ion .  The  m e t h o x y l  c o n t e n t  
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T A B L E  I 

ESTERIFIED GELATINS 

% Este~ifwation Amino* * 
Method R ~ t i ~  

Ti~ation* MeSkoxyl nitrogen mg/g 

Intrimi¢ t.i$co,dty, dl/g pH 5, 
acaa¢e buOer 

o.a5 M total ~.25 M total 
sa~'** salt§ 

Methanol-HC1 4 days  - -  67 - -  - -  - -  
Methanol-HC1 7 d a y s  67 83 - -  o. 19 - -  
Me thano l - th iony l  chloride 3 h 86 81 5.5 0.38 0.28 
Methanol-thionyl chloride 1. 5 h 60 -- -- 0.48 0.38 
Non-esterified -- -- 5.4 o.48 o.42 

* By  difference be tween  t i t r a t i on  curves  of original and  esterified gela t ins  in o . i  M s o d i u m  
chloride, u s ing  o. I M hydrochlor ic  acid. 

** Modificat ion of DOHERTY AND OGGL 
*** O.I M sod ium ace ta te  and  o . 1 5 M  sod i um chloride. 

| o. I M sod ium ace ta te  and  I. 15 M sod i um chloride. 

was a b o u t  6 %  less t h a n  t h a t  ca lcu la ted  f rom t i t ra t ion,  ind ica t ing  t h a t  m e t h y l a t i o n  of o t h e r  
g roups  did no t  occur. B y  t he  me thano l -hydroch lo r i c  acid me thod ,  the  m e t h o x y l  c o n t e n t  was  
g rea te r  t h a n  t h a t  ca lcula ted  f rom t i t ra t ion ,  p robab ly  as a resul t  of grea ter  l iberat ion of ca rboxy l  
g roups  b y  c leavage of pep t ide  and  ami de  groups .  Since gelat in  ha s  few tyros ine  res idues  e, the  
possibi l i ty  of e ther i f icat ion of phenol ic  h y d r o x y l  g roups  was  inves t iga ted  us ing  ty ros ine  itself. 
At  p H  IZ.3, ty ros ine  and  ty ros ine  sub jec ted  to  t he  ester if icat ion t r e a t m e n t  had  u l t rav io le t  ab-  
so rp t ion  b a n d s  a t  t he  s a m e  wave  l eng th  and  diftering by  only  2 % in opt ical  dens i ty .  The  su l fur  
c o n t e n t  of the  esterified gelat in  was  t he  s a m e  as t h a t  of t he  s t a r t i ng  mater ia l .  The  m e t h o d  is 
therefore  specific for t he  ca rboxyl  groups.  

Some degrada t ion  m a y  have  occurred  in t he  react ion,  b u t  m u c h  less t h a n  in t he  alcohol 
and  hydrochlor ic  acid m e t h o d  as is ind ica ted  by  int r ins ic  viscosi ty .  The  proper t ies  of ge la t ins  
p repa red  b y  t he  two m e t h o d s  are shown  in Table  I. In  t he  case of the  esterif ied gelat in  t h e  re- 
duc t ion  of v iscos i ty  on increas ing  t he  ionic s t r e n g t h  f rom o . 2 5 M  to 1 .25M was g rea te r  t h a n  
for the  original  gelat in.  This  is p robab ly  due  to the  h igher  ne t  charge  on the  esterified gelat in.  

Experimental. An ac id -ex t rac ted  p igskin  gela t in  was used.  Freeze-dried gelat in  (5 g) was s t i r red 
wi th  200 ml  of abso lu te  m e t h a n o l  in a W a r i n g  Blendor  and  was  t h e n  poured  into a 3-necked 
flask f i t ted wi th  an  air- t ight ,  mo to r -d r iven  stirrer,  d ry ing  t ube  of a n h y d r o u s  ca lc ium c]~loride 
and  a d ropp ing  funnel .  The  flask was  su r rounded  b y  an  ice-sal t -water  ba th .  After  one half -hour ,  
8 ml  of wa te r -whi te  t h iony l  chloride was  added  dropwise  du r ing  15 m i n u t e s  to t he  s t i r red mix tu r e .  
Af te r  th ree  hour s  in t he  cold ba th ,  t he  m i x t u r e  was  filtered t h r o u g h  a s in tered  glass funne l  and  
t he  gelat in  was  washed  on t he  funne l  wi th  four  ioo ml  por t ions  of me thano l .  The  gela t in  was  
t rans fe r red  to a beaker  con ta in ing  3 ° m l  of c rushed  ice, 200 ml  of wa te r  was  added  and  t he  jel ly 
t h a t  fo rmed  was  neut ra l ized  to p H  6 wi th  a few drops  of 2 N sod ium hydroxide .  Dur ing  neu t ra l i -  
za t ion  t he  jelly became  fluid. The  solut ion was  dia lyzed a t  4 ° aga ins t  dist i l led wa te r  for a week 
and  t h e n  freeze-dried. 

W e  wish to t h a n k  Miss HELENE RinSE for technica l  ass is tance.  This  work  was  suppor t ed  
by  t h e  Office of t he  Surgeon General,  D e p a r t m e n t  of t he  Army ,  Cont rac t  No. DA 49-oo7-MD-298. 
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