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Fig. 3, B. Localization of a parvalbumin-like protein, b fl-actinin, 
c phosphorylase, d MM-creatin kinase, and e actin ill contracted 
myofibrils after extraction in 5 mM Tris-HC1 pH 7.7; ] control. 

are found  in t h e  I - b a n d  (like act in ,  t h e  m a j o r  p ro t e in  
of t h e  t h i n  f i l amen t  wh ich  was  chosen  for a d i rec t  com- 
par ison)  in t h e  re laxed s ta te ,  whereas  phosphory la se  also 
shows some a d d i t i o n a l  b i n d i n g  in t h e  H-zone  4, MM- 
c rea t ine  k inase  was local ized m a i n l y  ill t h e  M-line. 
T h e  ques t i on  was ra ised w h e t h e r  these  c o m p o n e n t s  are 

a l s o  b o u n d  in s t rong ly  c o n t r a c t e d  myof ib r i l s  where  t he  
i n t e r f i l a m e n t a r y  d i s t ances  are e x t r e m e l y  reduced.  In th i s  
s ta te ,  t he  A- an d  I - b a n d s  h a d  d i sappeared ,  n o t  a l lowing 
a c lear  loca l iza t ion  of the  f luorescence,  in  def ined s t ruc-  
t u r a l  regions. 
F igure  1, B, shows the  local iza t ion  of t h e  c o m p o n e n t s  in 
c o n t r a c t e d  myofibr i ls .  Cross-s t r ia t ion  is sti l l  observed  u p o n  
i n c u b a t i o n  w i t h  an t i - f l -ac t in in  a n d  an t i -MM-crea t in  k inase  
b u t  n o t  w i t h  p a r v a l b u m i n - l i k e  p ro t e in  an d  phosphory lase .  
3. E x t r a c t i o n  of the  muscle  c o m p o n e n t s  f rom re laxed  
an d  c o n t r a c t e d  myofibr i ls .  Main ly  2 p rocedures  for  the  
e x t r a c t i o n  a n d  isola t ion  of M-line p ro t e in s  (from myo-  
fibrils) are descr ibed  in t h e  l i t e r a t u r e :  a) a more  'specific '  
p rocedure  in low sa l t  buf fe r  ~ an d  b) one u n d e r  h i g h  sa l t  
cond i t ions  (0.6 M KC1)10 a f t e r  ex tens ive  wash ing  of t h e  
f ibr i ls  in re lax ing  buffer .  
The  inf luence  of these  cond i t ions  on t h e  m o r p h o l o g y  of 
single f ibri l  is shown  in f igure  2. I t  d e m o n s t r a t e s  a 
cons iderab le  swell ing of t h e  sti l l  r e laxed  myof ibr i l  in  
hypo ton ic ,  low sa l t  buf fer  (up to double  size) w h i c h  is 
i m m e d i a t e l y  reversed  b y  r e i n c u b a t i o n  in re laxing  buffer .  
E x t r a c t i o n  (for longer  t h a n  2 rain) in h igh  sa l t  buf fe r  
r e su l t ed  n o t  on ly  in the  e x t r a c t i o n  of the  M-line and  
A-band ,  b u t  a l m o s t  comple t e  d e s t ru c t i o n  of t h e  f ibri l  
(figure 2, c). Therefore  on ly  low sal t  cond i t ions  were used 
for e x t r a c t i o n  and  local iza t ion.  F igure  3, A, shows t h a t  
c rea t ine  k inase  and  p h o s p h o r y l a s e  are e x t r a c t e d  in 5 m M  
Tris-HC1 p H  7.7 (for 15 rain) f rom re laxed  fibrils b u t  no t  
f i -ac t in in  or act in .  E x t r a c t i o n ,  however ,  of c o n t r a c t e d  
f ibri ls  (under  cond i t ions  used for re laxed  myofibr i ls)  
r esu l ted  in a d i s appea rance  of MM-crea t ine  k inase  while  
/~-actinin a n d  ac t in  are s t i l l  visible.  Due  to the  weak  
f luorescence a f te r  i n c u b a t i o n  w i t h  an t i - p h o s p h o ry l a se  
a n d  a n t i - p a r v a l b u m i n - l i k e  p ro t e in  sera  in c o n t r a c t e d  
f ibri ls  (prior to  ex t rac t ion) ,  no  clear  resu l t  was ob ta ined .  
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Summary. The  a d d i t i o n  of L-ser ine to s h o r t - t e r m  cu l tu res  of r a t  t h y m o c y t e s  s t i m u l a t e d  t h e  i nco rpo ra t ion  of ~H- 
deoxycy t id ine  in to  DNA,  b u t  s imu l t aneous ly  depressed  the  i n c o r p o r a t i o n  of 8 H - t h y m i d i n e  in to  DNA.  

A l t h o u g h  L-serine" is n o t  cons idered  to be  a n  ' essen t ia l '  
amino  acid, p rev ious  s tud ies  h a v e  shown t h a t  p ro l i f e ra t ion  
of c e r t a i n  m a m m a l i a n  cell t ypes  Call be  s t i m u l a t e d  b y  
L-ser ine  s u p p l e m e n t a t i o n  3. I n  add i t i on  i t  has  been  found  
t h a t  t he  full  l y m p h o c y t i c  response  to p h y t o h e m a g g l u t i n i n  
requi res  a n  a d e q u a t e  s u p p l y  of L-ser ine 3. P a r t  of t h e  
r eason  for th i s  r e q u i r e m e n t  m a y  be  due  to all i n a d e q u a t e  
syn thes i s  of L-ser ine  f rom glycolyt ic  i n t e r m e d i a t e s  4. 

I n  t h e  process  of t e s t i n g  t h e  effect  of amino  acids on  t he  
p ro l i f e ra t ion  of r a t  t h y m o c y t e s  in v i t ro ,  we found  t h a t  
whi le  t h e  add i t i on  of L-ser ine  s t i m u l a t e d  t h e  i nco rpo ra t ion  
of ~H-deoxycyt id ine  in to  DNA,  t h e  i nco rpo ra t ion  of 3H- 
t h y m i d i n e  in to  nucleic  acid was  depressed.  
Materials and methods. Sprague -Dawley  der ived  male  ra ts ,  
35-40 days  old, weighing  125-150 g, were pu rchased  f rom 
Sasco, Omaha ,  NE,  a n d  were m a i n t a i n e d  on w a t e r  a n d  
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Rockland  Lab  Chow ad l ibi tum. The ra ts  were housed  
in a cons t an t  t e m p e r a t u r e  faci l i ty  wi th  l ights  on f rom 
6.00 to  18.00 h and  were sacrified f rom 8.00 to 9.00 h. 
Fol lowing decap i t a t ion  of 3 animals  for each exper iment ,  
the  t hym uses  were quickly removed,  weighed (mean :~ 
SD, 368 =L 100 mg), and  placed into ice-cold min imal  
essent ial  m ed ium (MEM, Joklik-Modified,  Grand  Is land  
Co., New York) t h a t  had  been gassed wi th  10% C O J 9 0 %  
O~ to br ing the  p H  to  7.0-7.2. This  m e d i u m  has  no added  
calcium,serine or glycine. The cells were washed and  
coun ted  as descr ibed ~ and di lu ted  to 4.0 •  s cells/ml. 
P re incuba t ions  were conduc ted  in dupl ica te  a t  4.0 • 107 
cells/ml by  adding  0.2 ml  of the  cell suspension to 1.8 ml  
of MEM conta in ing  the  appropr i a t e  concen t ra t ion  of 
L-serine (Sigma Chemical  Co.). No serum was added.  
The tubes  were gassed, capped  and incuba ted  wi th  gentle 
i n t e r m i t t a n t  shaking a t  37~ At  the  appropr i a t e  t ime 
0.5 ml of the  p re incuba t ion  cell suspension was pulsed 
in t r ipl icate  f rom each tube  for 1 h w i th  1.0 ~xCi of e i ther  
~H-deoxycyt id ine  or aH- thymid ine  (Schwar tz  Biore- 
search,  Inc., 5.0 Ci/mmole and  3.0 Ci/mmole) dissolved 
in 0.1 ml of MEM. The incubat ions  were t e rmina ted ,  
the  ceils washed  and counted  by  me thods  previously  
descr ibed s. All glassware was siliconized. A significance 
of differences be tween  means  was de te rmined  by  using 
the  S tuden t ' s  t - tes t .  

Effect of increasing levels of L-serine on incorporation of 3H-deoxy- 
eytidine into thymoeyte DNA* 

L-serine added Incorporation * * Percent of p-value ** * 
(raM) (epm • 10 -a) control 

0 6.84 4- 0.25 
0.95 7.75 i 0.55 113.2 < 0.0023 
1.90 8.24 4- 0.41 120.5 < 0.0001 
3.80 9.26 4- 0.30 135.4 < 0.0001 

* Duplicate tubes of 2.0 ml containing 4.0 • 107 cells/ml were pre- 
incubated for 1 h followed by incubating triplicate 0.5 aliquots Irom 
each tube with 1.0 ~xCi of SH-deoxycytidine. ** Mean valnes from 
6 tubes 4- SD. *** Compared to no L-serine added. 
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Influence of the addition of 3.89 mM L-serine on the incorporation 
of 3H-deoxycytidine and 3H-thymidine into the DNA of rat thymo- 
eytes. Preincnbations for the times shown above were conducted as 
described in the table. Values for the mearl incorporation for 6 tubes 
are compared to that obtained for 6 control tubes following 1 h of 
preineubation. 1 ~xCi per tube used for each precursor. Average 
cpm • 10 .3 i SD for controls at 1 h were 7.0 • 0.27 and 11.6 4- 0.28 
for aH-deoxycytidine and 3H-thymidine, respectively. 

Results  and discussion. The effect  of 3 levels of L-ser ine 
add i t ion  on the  incorpora t ion  of 3H-deoxycyt id ine  fol- 
lowing a 1-h p re incuba t ion  is shown in the  table .  I t  m a y  
be seen t h a t  there  was a s t imu la to ry  inf luence of L-serine 
on the  incorpora t ion  of 3H-deoxycyt idine,  w i th  t he  lowest  
level (0.95 mM or 100 ~xg/ml) causing a 13% e n h a n c e m e n t  
of isotope up take  into the  DNA (p < 0.0023). We  had  
shown previous ly  t h a t  r a t  t h y m o c y t e s  i ncuba ted  in t he  
90% oxygen  tens ion  employed  in these  s tudies  decl ined 
in aH-deoxycyt id ine  incorpora t ion  over  a per iod  of hours,  
bu t  t h a t  3H- thymidine  up take  remained  s table  5. For  th is  
reason the  effect  of p re incuba t ing  the  ceils w i th  3.8 mM 
L-serine for var ious  t imes  was explored.  Values in the  
figure are p lo t t ed  as a percen tage  of t h a t  ob t a ined  wi th  
1 h of p re incuba t ion  w i t h o u t  serine. Tile f igure shows the  
decline of 3H-deoxycyt id ine  incorpora t ion  in to  DNA wi th  
t ime w i t h o u t  a s ignif icant  change  in 3H- thymidine  up take  
into DNA. In  the  presence  of L-serine, the  decline in 
3H-deoxycyt id ine  was much  less, p roduc ing  an a p p a r e n t  
e n h a n c e m e n t  of incorporat ion.  In  th is  expe r imen t ,  how- 
ever, add i t ion  of 3.8 mM L-serine caused only  a 10% 
(p < 0.006) e n h a n c e m e n t  of up take  of 3H-deoxycyt id ine  
over  the  contro l  af ter  a 1-tl p re incuba t ion  period,  whereas  
in the  table  a 35% s t imula t ion  is shown.  A l t h o u g h  the  
q u a n t i t a t i v e  effects of L-serine did vary,  a s ignif icant  
s t imula t ion  of 3H-deoxycyt id ine  incorpora t ion  was always 
observed.  Af ter  3 h of p re incuba t ing  the  cells, the  in- 
co rpora t ion  of aH-deoxycyt id ine  was 50% greater  in t he  
presence  of L-serine (p < 0.000t}. On the  o the r  h a n d  
wi th  L-serine addi t ion  aH- thymid ine  incorpora t ion  was 
depressed 34% in 1 h and  28 and  25% at  2 and 3 h 
compared  to the  controls  (all p-values  < 0.0004). 
Al though  the  effects of L-serine on aH-deoxycyt id ine  
and aH- thymid ine  incorpora t ion  into DNA could be due 
to a specific influence on deoxynuc leos ide  degrada t ion  or 
t r a n s p o r t  across the  cell wall, no specif ici ty of th is  t ype  
has been repor ted.  Addi t ion  of L-serine could cause an 
a l te ra t ion  of the  pool size and specific ac t iv i ty  of the  
deoxynuc leo t ide  p lecursors  for DNA. L-serine which  is 
normal ly  l imit ing for g rowth  in l y m p h o c y t e  cul tures  2 
could supply  C-1 uni ts  needed for the  syn thes i s  of 
t h y m i d i n e  m o n o p h o s p h a t e  f rom deoxyur id ine  mono-  
phospha te .  Al terna t ive ly ,  i t  is recognized t h a t  the  relat ive 
incorpora t ion  of 3H-deoxycyt id ine  and 3H- thymidine  
varies wi th  the  cellular t y p e  in the  t h y m u s  6, and  L-ser ine 
could influence the  subpopula t ions  of cells ill a differ- 
ent ia l  manner .  Resolu t ion  of these a l t e rna t ives  awai t s  
fu r ther  s tudy.  

1 This investigation was supported by NIH grants No. CA-10291 
and T12CA8021 from the National Cancer Institute. 

2 J. D. Regan, H. Vodopiek, S. Takeda, W. H. Lee and F. M. 
Fautcon, Science 763, 1452 (1969). 

3 R. Dubrow, L. I. Pizer and J. I. Brody, J. nat. Cancer Inst. 51, 
307 (1973). 

4 L.I .  Pizer and J. D. Regan, J. nat. Cancer Inst. 48, 1897 (1972). 
5 J . F .  Hofert, Bioehem. Pharmac. 23, 3216 (1974). 
6 B. Osogoe, R. W. Tyler and N. B. Everett, J. Cell Biol. 57, 215 

(1973). 


