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Fig. 2. Effect of ADP-ribosylation on the 
activities of Ca ~+, Mg2+-dependent (A) and 
~g2+-dependent endonuclease (B) of adult 
rat testis nuclei. 

of r a t  l iver  nuclei  a n d  c h r o m a t i n  t r e a t e d  w i t h  N A D +  was 
inhibi ted% the  effect  of p o l y ( A D P - R i b )  on  t he  t e m p l a t e  
a c t i v i t y  was inves t iga ted .  Ca "2+ was added  to t he  r eac t ion  
m i x t u r e  to  a c t i v a t e  t he  t e m p l a t e  (Figure  1). T he  t e m p l a t e  
of c h r o m a t i n  i n c u b a t e d  w i t h  NAD+ was m a r k e d l y  
suppressed  c o m p a r e d  to  t h a t  of u n t r e a t e d  c h r o m a t i n  
(Figure  1). Th i s  f i nd ing  is in a g r e e m e n t  w i t h  the  resu l t  
o b t a i n e d  w i t h  r a t  l iver  nuclei% However ,  t h e  t e m p l a t e  
a c t i v i t y  of i m m a t u r e  r a t  tes t i s  c h r o m a t i n  i n c u b a t e d  
w i t h  N A D +  was n o t  suppressed  (Figure  1). T he  basis  for  
t h e  obse rved  differences  in  t e m p l a t e  a c t i v i t y  b e t w e e n  
adu l t  a n d  i m m a t u r e  r a t  tes t i s  c h r o m a t i n  t r e a t e d  w i t h  
NAD+ is no t  known.  

Since i t  was d e m o n s t r a t e d  t h a t  Ca e+, Mg2+-dependent  
endonuc lease  can  a c t i v a t e  t h e  t e m p l a t e  of r a t  l iver  nuclei  
for  D N A  syn thes i s  in v i t ro  4, t he  inf luence  of p o l y ( A D P -  
Rib)  on  endonuc lease  ac t iv i t i e s  of r a t  t e s t i s  nucle i  was  
inves t iga ted .  The  i so la ted  a d u l t  r a t  t e s t i s  nuclei  possessed 
h igh  acid a n d  a lka l ine  endonuc lease  ac t iv i t i e s  (Figure 2). 
P r e i n c u b a t i o n  of t he  i so la ted  t es t i s  nuclei  w i t h  N A D +  
affec ted  a n  i n h i b i t i o n  of t he  Ca 2+, Mg2+-dependent  
endonuc lease  a c t i v i t y  (Figure 2). The  f ind ing  is in agree- 
m e n t  w i t h  t h e  resu2t o b t a i n e d  w i t h  r a t  l iver  nucleiT, l t  
I n  con t ras t ,  p r e i n c u b a t i o n  of i so la ted  a d u l t  r a t  t e s t i s  
nucle i  w i t h  NAD+ resu l t ed  in a s t i m u l a t i o n  of Mg 2+- 
d e p e n d e n t  acid endonuc lease  a c t i v i t y  (Figure  2). 
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To e s t ab l i sh  t h a t  t he  obse rved  s t i m u l a t i o n  of t he  acid 
endonuc lease  a c t i v i t y  b y  N A D +  t r e a t m e n t  was  due  to  
p o l y ( A D P - R i b )  f o r m a t i o n  a n d  no t  to  a d i rec t  effect  of t he  
nuc leo t ide  on  t h e  enzymic  ac t iv i ty ,  o t h e r  nuc leo t ides  
were t e s t ed  for t h e i r  c apac i t y  to  inf luence  endonuc lease  
a c t i v i t y  (Table  II) .  Only  N A D +  which  fo rmed  p o l y ( A D P -  
Rib)  was s t i m u l a t o r y  while  nuc leo t ides  wh ich  were n o t  
s u b s t r a t e s  for p o l y ( A D P - R i b )  s y n t h e t a s e  did  no t  inf luence  
acid endonuc lease  a c t i v i t y  (Table  II) .  The  p r e sen t  resu l t s  
sugges t  t h a t  t h e  s t i m u l a t o r y  effect  of N A D +  is d e p e n d e n t  
u p o n  i ts  conve r s ion  to  p o l y ( A D P - R i b ) .  

In  a p rev ious  s t u d y  i t  was  d e m o n s t r a t e d  t h a t  t h e  D N A  
po lymerase  b o u n d  to r a t  l iver  c h r o m a t i n  was easi ly  
d issocia ted  on  i n c u b a t i o n  of c h r o m a t i n  w i t h  NAD+% 
A l t h o u g h  t he  molecu la r  m e c h a n i s m  of t he  i n t e r a c t i o n  of 
enzymes  w i t h  c h r o m a t i n  is n o t  known,  p o l y ( A D P - R i b )  
f o r m a t i o n  m i g h t  a l t e r  t he  s t r u c t u r e  a n d / o r  e lec t ros ta t i c  
cha rge  of c h r o m a t i n  and  nucle i  a n d  inf luence  t h e  in te r -  
ac t ion  of acid endonuc lease  a n d  D N A  po lymerase  w i t h  
nuc leopro te ins .  I n  a p rev ious  s t u d y  i t  was  d e m o n s t r a t e d  
t h a t  A D P - r i b o s y l a t i o n  of Mg~+-dependent  endonuc lease  
of r a t  l iver  d id  no t  occur, sugges t ing  t h a t  t he  effect  of 
p o l y ( A D P - R i b )  f o r m a t i o n  on  t he  e n z y m e  is p r o b a b l y  
ind i r ec t  11. 

Zusammen/assung. I n k u b a t i o n  yon  iso l ier ten  R a t t e n -  
h o d e n z e l l k e r n e n  m i t  N i k o t i n a m i d a d e n i n d i n u k l e o t i d  in- 
duz ie r te  die B i l dung  yon  Po lyadenos ind ip t lo spha t r i bose ,  
eine H e m m u n g  der  Ca 2+, Mg2+-abhgngigen,  a lka l i schen  
E n d o n u k l e a s e  und  pa radoxe rwe i se  eine S t imu la t i on  de r  
Mg2+-abhiingigen,  s au ren  Endonuk lea se .  
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Glucose Consumption by Early and Late-Passage 
Growth and Stationary Phase 

Cul tu red  h u m a n  f ib rob las t s  are now  used ex t ens ive ly  
to s t u d y  h e r e d i t a r y  disorders1,  ~ and  since these  cells 
h a v e  a f in i te  r ep l i ca t ive  capac i ty ,  t h e y  are also useful  for 
research  on  biological  ag ing3-L Ea r l i e r  work  Oil carbo-  
h y d r a t e  m e t a b o l i s m  has  shown  t h a t  whi le  h u m a n - f i b r o -  
b la s t s  c an  ut i l ize  a v a r i e t y  of hexoses,  t h e y  h a v e  a pref-  
erence  for glucose s w h i c h  is deg raded  p r e d o m i n a n t l y  to  

Diploid Human Fibroblasts During 

lactate~,  s0 a n d  COs, the  l a t t e r  occur r ing  m a i n l y  v ia  t he  
pen to se  pathway11,1% In  p rev ious  s tud ies  on  glucose 
o x i d a t i o n  11 we were u n a b l e  to  f ind  differences be tween  
n o r m a l  s t r a ins  a t  ea r ly-passage  a n d  those  der ived  f rom 
ind iv idua l s  w i t h  d iabe tes  mel l i tus ,  an  a g e - d e p e n d e n t  
d i sorder  of c a r b o h y d r a t e  m e t a b o l i s m  la. However ,  since 
d iabe t i c  cu l tu res  h a v e  a decreased  g r o w t h  capac i t y  4, 14-16 
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it  seemed  i m p o r t a n t  to d e t e r m i n e  w h e t h e r  glucose m e t a b -  
o l i sm was  a l tered  du r ing  ag ing  in vi t ro.  W e  n o w  repor t  
t h a t  l a t e -passage  cu l tu res  of sk in  f ib rob las t s  der ived  f rom 
a n o r m a l  ad u l t  ma le  ut i l ize s ign i f i can t ly  m o r e  glucose per  
cell t h a n  the  s a m e  s t r a i n  a t  ear ly  pas sage  d u r i n g  g row th  
a n d  in s t a t i o n a r y  phase .  

Materials and methods. H u m a n  f ibroblas ts .  The  cell 
s t r a i n  J -o04 was  used  t h r o u g h o u t  t hese  s t ud i e s  a n d  w a s  
der ived  f rom a n o r m a l  22-year-old  ma le  w i th  r e p e a t e d l y  
n o r m a l  t e s t s  of glucose to le rance  and  a nega t i ve  f a mi ly  
h i s t o r y  for d i abe tes  me l l i tu s  4. Cells were der ived  a nd  
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Fig. 1. Growth of early and late-passage fibroblasts under conditions 
of continuous incubation and refeeding. Cells were subeultured at a 
1 : 8 split ratio at time 0. Triplicate dishes were harvested on the day 
indicated after continuous incubation conditions or 2 days following 
refeeding. Refeeding involved total replacement of growth medium 
with fresh medium in triplicate dishes beginning at day 2 and at 
2 day intervals thereafter. Arrows at days 6 and 10 indicate visual 
confluence in early and late-passage cultures, respectively. Values 
plotted are the means • S.E.M. When not shown S.E.M. was smaller 
than the symbol. 
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Fig. 2. Mean glucose concentration of growth medium as a fufietion 
of time after subculturing early and late-passage fibroblasts at a 
1 : 8 split ratio. 

g rown  as descr ibed  p r e v ious ly  a,zl in Ea g l e ' s  m e d i u m  
s u p p l e m e n t e d  w i th  non-es sen t i a l  a m i n o  acids,  15% fe ta l  
calf s e r u m  a nd  glucose to  a f inal  level  of 15.5 r aM.  
I n c u b a t i o n  was  carr ied  ou t  in a h u m i d i f i e d  a t m o s p h e r e  
of 95% air  - -  5% CO~. 

Cul tu re  t echn iques .  Cells were s u b c u l t u r e d  a t  a 1:8  
spl i t  ra t io  a nd  ut i l ized 3 m e a n  p o p u l a t i o n  doub l ings  each  
t i m e  t h e y  a t t a i n e d  conf luence  3-~. Th i s  celt s t r a i n  could  
be s u b c u l t u r e d  in th i s  m a n n e r  a b o u t  25 t imes ,  or t h r o u g h  
75 m e a n  popu la t i on  doubl ings ,  pr ior  to comple te  cessa t ion  
of g rowth .  E a r l y - p a s s a g e  ceils were s tud ied  w i t h i n  5-10 
s u b c u l t u r e s  of t he  p r i m a r y  e x p l a n t  s t age  while  la te-  
pa s sa ge  f ib rob las t s  were used  w i th in  3-5 s u b c u l t u r e s  of 
t e r m i n a t i o n .  

For  these  e x p e r i m e n t s ,  cells a t  ear ly  a n d  l a t e -pa s sage  
levels were t h a w e d  f rom s to rage  in l iquid  n i t r oge n  in to  
the  regu la r  g r o w t h  m e d i u m  a nd  al lowed to  grow to 
conf luence  twice before use. Cells were t h e n  h a r v e s t e d  b y  
rou t ine  m e t h o d s  a -~ ,n  a nd  spl i t  a t  a 1:8  ra t io  w i th  cell 
c o u n t i n g  on a C y t o g r a p h  | e lect ronic  c oun t e r  (Biophys ics  
inc . ,  Mahopac ,  N.Y.).  S t a r t i n g  on d a y  1 a nd  a t  i n t e rva l s  
t he r e a f t e r  (see below), t r ip l ica te  d i shes  of ear ly  a nd  late-  
pas sage  cu l tu res  were r e m o v e d  f rom t h e  i n c u b a t o r  fol lowed 
by  d e c a n t i n g  a nd  freezing of t he  m e d i u m  a n d  h a r v e s t i n g  
a nd  c o u n t i n g  of the  a d h e r e n t  cells. B e g i n n i n g  on d a y  2, in 
add i t i on  to  the  r egu la r  t r ip l i ca te  d ishes  for ea r ly  a nd  late-  
pa s sa ge  cu l tures ,  a n o t h e r  t r ip l i ca te  se t  w a s  refed w i t h  
f resh  g r o w t h  m e d i u m  followed 2 d a y s  la ter  by  d e t e r m i n a -  
t ion  of cell c o u n t s  a nd  t he  c o n c e n t r a t i o n  of glucose 
r e m a i n i n g  in t he  m e d i u m .  In  th i s  way,  cell p ro l i fe ra t ion  
a nd  glucose c o n s u m p t i o n  were m o n i t o r e d  u n d e r  two  
cond i t ions :  du r ing  c o n t i n u o u s  i n c u b a t i o n  in t h e  or iginal  
g row th  m e d i u m ,  a n d  s t a r t i n g  on d a y  4, fol lowing re feed ing  
w i t h  fresh m e d i u m  a t  d a y  2 a n d  s u b s e q u e n t  2 d a y  in ter -  
vals .  D e t e r m i n a t i o n s  of t he  p H  of t he  m e d i u m  were m a d e  
a t  r a n d o m  in t e rva l s  d u r i n g  g r o w t h  a nd  s t a t i o n a r y  p h a s e  
a nd  were found  to  be w i t h i n  t he  r a nge  of 7.2-7.4.  

Glucose d e t e r m i n a t i o n .  A s s a y s  were p e r f o r m e d  on 
a l iquo ts  of zero t i m e  a n d  s p e n t  m e d i u m  fol lowing depro-  
t e in iza t ion  w i t h  0.5 N perchlor ie  acid,  n e u t r a l i z a t i o n  w i t h  
6 N K O H  a nd  a n  e n z y m a t i c  a s s a y  1~ u s ing  h e x o k i n a s e  
a nd  g luc ose -6 -phospha t e  d e h y d r o g e n a s e  (Boehr inger-  

:L A. MILUNSKY and J. W. LITTLEFIELD, A. Rev. Med. 23, 57 (1972). 
-2 K. O. RAIVlO and J. E. SEEGmLLER, A. Rev. Biochem. 41, 543 

(1972). 
3 L. I-IAYFLICK, Expl Cell Res. 37, 614 (1965). 
4 S. GOLDSTEIN, J .  W .  LITTLEFIELD and J. S. SOELDNER, Prec. natn. 

Acad. Sci., USA 54, 155 (1969). 
s G .  3/[. MARTIN, C. A.  SPRAGUE and C. J. EPSTEIN,  Lab. Invest. 23, 

86 (1970). 
6 S. GOLDSTEIN, New- Engl. J. Med. 285, 1120 (1971). 
7 V. J. CRISTOEALO, Adv. Geront. Res. 4, 45 (1972). 
8 V. J. CRISTOFALO and D. KRITCHEVSKY, Prec. Soc. exp. Biol. Med. 

178, 1109 (1965). 
9 B. S. DANES, 3/[. M. BROADFOOT and J. PAUL, Expl. Cell Res. 30, 

369 (1963). 
10 V. J. CRISTOFALO and D. KRITCKEVSKY, J. Cell Physiol. 67, 125 

(1966). 
11 S. GOLDSTEIN and J. W. LITTLE~I~LD, Diabetes 18, 345 (1969). 
12 M. A. A. Co,noN, F. A. OSKI, S. DI~AURO and W. J. MELL~IAN, 

Nature New Biol. 229, 214 (1971). 
13 R. ANI)RES, T. POZEFSKY and R. S. SXArERDLOFF, ill Advances in 

Metabolic Disorders, Suppl. 1 (Eds. R. A. CA~ZERINI-DAvALOS 
and H. S. COLE; Academic Press, Inc., New York 1970), p. 349. 

14 S.  GOLDSTI~IN, E .  J . . u  and J. S. SOELDNER, J. din. 
Invest. 53, 27a (1974). 

1~ j .  T. COOPER and S. GOLDSTEIN, Atheroselerosis 20, 41 (1974). 
16 S. GOLDSTEIN, Humangenetik 12, 83 (1971). 
17 M. W. STEIN, in Methods o/ Enzymatic Analysis (Ed. H. U. 

BERGMEYER; Academic Press, Inc., New York 1965), p. 117. 



15.2. 1975 Specialia 179 

Mannhe im Co.) to  conver t  glucose to 6-phosphogluconate  
and  N A D P  to N A D P H  followed by  m e a s u r e m e n t  of absor-  
bance  at  340 n m  in a Gilford spec t ropho tomete r .  

Results. Figure 1 shows t h a t  under  con t inuous  incu- 
bat ion,  ear ly-passage cells began  to increase logar i thmi-  
cally abou t  1 day  af ter  subcu l tu re  w i th  1 popula t ion  
doubl ing occurr ing app rox ima te ly  every  24 h. Cell n u m b e r  
reached a m a x i m u m  at  day  6 a t  which  t ime  cells appeared  
visually confl/zent on microscopic  examina t ion .  Thereaf ter ,  
cell counts  m a y  have  decreased sl ight ly to day  12. 
Refed cells a t  early passage  prol i fera ted  more  rapidly,  
reached  a p la teau  pJaase earlier and  at  a 10-15% higher  
sa tu ra t ion  dens i ty  compared  to  non-refed  cells. Late-  
passage f ibroblas ts  under  cont inuous  incuba t ion  grew 
more slowly a i te r  subcul ture  w i th  a mean  doubl ing  t ime  
of a p p r o x i m a t e l y  48-60 h. P la teau  phase  was achieved 
be tween  days  8 and  12. Refed  la te-passage cells, as a t  
early passage,  appeared  to  grow more  rap id ly  and  to  
reach a p la teau  somewha t  earl ier  and  at  h igher  sa tu ra t ion  
dens i ty  t h a n  non-refed  cohorts .  

Figure 2 indica tes  t h a t  per  dish, under  cont inuous  
incubat ion ,  t o t a l  glucose c o n s u m p t i o n  was greater  in ra te  
and ex t en t  in ear ly  compared  to  la te-passage cultures.  At  
b o t h  passage  levels, glucose consumpt ion  was greater  
dur ing  the  per iod of mos t  rapid  growth,  d iminish ing  la ter  
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Fig. 3. Mean glucose concentration of growth medium 2 days after 
refeeding beginning on day 2 and at 2 day intervals in early and 
late-passage cultures. Horizontal continuous line indicates glucose 
concentration of fresh, unused medium. Oblique interrupted lines 
represent theoretical glucose depletion during 2 day intervals. 

Glucose consumed during 2 day intervals in early and late-passage 
cultures �9 (ng per cell) 

Continuous incubation Refeeding 
Passage level Passage level 

Days Early Late Ratio L/E Early Late Ratio L/E 

in s t a t i ona ry  phase,  bu t  th is  was more  p ronounced  in 
ear ly-passage cells. Figure  3 shows t h a t  in refed cul tures  
as well, ear ly-passage cells used more  glucose per  d ish  
compared  to  late passage.  However ,  the  a m o u n t  of glucose 
consumed  under  these  condi t ions  appeared  to  be con- 
s tant ,  t h a t  is, i n d e p e n d e n t  of whe the r  ceils were ac t ively  
d ividing or in s t a t iona ry  phase.  Using the  da t a  f rom Fig- 
ures 1-3, calculat ions were made  for t he  glucose consump-  
t ion  per  cell (Table). Unde r  cont inuous  incubat ion,  b o t h  
young  and old cul tures consumed  more glucose dur ing  
early stages of g rowth  wi th  glucose consumpt ion  d ropp ing  
s ignif icant ly  in s t a t i ona ry  phase.  W i t h  refeeding,  th is  
effect  was less p ronounced  for la te-passage ceils and  was 
nlarginal ly  a p p a r e n t  a t  early passage.  However ,  in b o t h  
cases refeeding was  clearly associated wi th  augmen ted  
glucose uti l izat ion.  U n d e r  cont inuous  incubat ion ,  late- 
passage ceils consumed 2.0-3.3 t imes  more  glucose t h a n  
ear ly-passage cells and no cons is ten t  t r ends  were seen in 
th is  ra t io  a t  d i f ferent  s tages of g rowth  or s t a t iona ry  phase.  
W i t h  refeeding,  these  ra t ios  ranged  f rom 1.4-2.3. 

Discussion. The da t a  conf i rm earlier repor t s  t h a t  glu- 
cose consumpt ion  is h ighes t  dur ing  in tervals  of rap id  cell 
proliferationS, is. This is the  case in b o t h  the  rap id ly  
growing ear ly-passage cells and the  more  slowly growing 
cells a t  late-passage.  Dur ing  aging in vi tro,  la te-passage 
f ibroblas ts  utilize abou t  1.5-3 t imes  more  glucose per  cell 
t h a n  ear ly-passage cells a t  comparab le  stages. Whi le  
these resul ts  appea r  in confl ict  w i th  those  of CRISTOFALO 
and KRITCHEVSKY 1~ for \u  cells, i t  m a y  be t h a t  
cer ta in  methodologica l  and compu ta t i ona l  differences are 
i m p o l t a n t .  Thus,  the i r  resul ts  were ob ta ined  on cell 
suspensions incuba ted  for 1 h w i th  7.7 m M  glucose in a 
min imal  sal t  solution. Addi t ional ly ,  glucose me tabo l i sm 
was s tudied  in ceils ha rves t ed  dur ing late log growth,  
p r e sumab ly  af ter  microscopic visualizat ion,  and it m a y  
have  been  difficult  to  cons is ten t ly  ob ta in  cells a t  com- 
parable  s tages of confluency,  par t i cu la r ly  as g rowth  
began  to  decelerate  in old cultures.  Fur the rmore ,  since 
the i r  results  were expressed per  mg d ry  weight ,  a para-  
me te r  which  increases dur ing  senescence 19, i t  m a y  be t h a t  
differences be tween  early and  la te-passage cul tures were 
masked.  E v e n  then,  i t  appeared  t h a t  cells beyond  30 
subcul tures  were in fact  consuming  s o mew h a t  more  
glucose. Never theless ,  it  is recognized t h a t  the  choice of a 
denomina to r  f rom among  the  several  t h a t  are avai lable  
of ten presen ts  a problem.  Indeed,  if we had  chosen to 
express  the  da t a  per  uni t  of p ro te in  or volume the  dif- 
ferences in th is  repor t  would have  been abol ished because 
the  same diploid s t ra in  used here doubles  its p ro te in  
con ten t  and t r iples  i ts  volume dur ing  aging in v i t ro  ~~ 
However ,  since the  cell is the  smal les t  in t ac t  func t iona l  
unit ,  it  seemed reasonable  to p resen t  da t a  on a cellular 
basis. Finally,  it  is also no t ewor th ly  t h a t  WI-38 was 
der ived f rom the  lung of an embryo  of u n k n o w n  paren tage  
which  raises ques t ions  of t issue specific, fetal  versus 
pos tna t a l  and genet ic  differences in glucose me tabo-  
lismn-16,21,~2 I t  is essential,  therefore,  for val id corn- 

0-2 6.1 16.0 2.6 -- -- -- 
2-4 2.3 6.0 2.6 5.0 11.3 2.3 
4 6 1.5 3.6 2.4 4.1 7.0 1.7 
6 8 1.3 2.6 2.0 3.8 7.0 1.8 
8 10 0.9 2.3 2.6 4.1 5.6 1.4 

10-12 0.6 2.0 3.3 4.1 6.2 1.5 
12-14 -- 1.5 -- -- 6.1 -- 

Calculated from data on glucose consumption in Figures 2 and 3 
and the cell count at mid interval in Figure 1. 

Is p. F. KRUSE JR. and E. MIEDEMA, Proc. Soc. exp. Biol. Med. 11g, 
1110 (1965). 

19 V. J .  CRISTOFALO, B. V. HOWARD and D. KRITCHEVSKY, in 
Organic Biological and Medicinal Chemistry (Eds. U. GALLO and 
L. SANTAMARIA; Noord Hollandsehe Uitgevers-MIJ, Amsterdam 
1970), p. 93. 

2o R. J. HASLAM and S. GOLDSTEIN, Bioehem. J., /44, 253 (1974). 
~1 C. W. CASTOR, R. K. PRINCE and E. L. DORSTEWITZ, Lab. Invest. 

71, 703 (1962). 
22 M. W. STEELE and K. E. OWENS, Biochem. Genet. 9, 147 (1972). 
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par isons of glucose metabol i sm,  t h a t  cul tures are carefuIly 
m a t c h e d  for age in vivo and  in vitro,  p re fe rab ly  der ived 
f rom skin (the bes t  t issue for rout ine  biopsy) f rom a single 
ana tomica l  site and f rom pos tna t a l  donors  o f  known 
predisposi t ion to diabetes .  

23 We thank Mrs. ]~LENA MOERMAN for expert technical assistance. 
Supported by grants from the Medical Research Council of Canada 
and the Canadian Diabetic Association Foundation Fund during 
the tenure of a scholarship from the M.R.C. (SG). 

2~ Present address: School of Dentistry, University of Western 
Ontario, London, Ontario, Canada. 

Rdsumd. Les f ibroblas tes  humains  ut i l isent  une quan t i t4  
de glucose plus grande  p e n d a n t  leur croissance logari th-  
miqne  que dans  leur phase  s ta t ionnaire .  Les cultures ~ pas-  
sage ta rd i f  c o n s o m m e n t  plus de glucose pa r  cellule que les 
cul tures ~ passage hgt i f  sans 6gard ~ la phase.  Ce syst6me 
doi t  ~tre utile pour  rechercher  les al t6rat ions m6tabol iques  
an cours du viei l l issement  cellulaire et  pour  d6couvrir  la 
base b iochimique  de cer ta ines  maladies  d6pendan t  de 
l 'gge. 

S. C-OLDSTEIN ~:~ and G. TRIEMAN 2,1 

Departments o/Medicine and Biochemistry, 
McMaster University Medical Centre, 
Hamilton (Ontario, Canada LSS dJg), /4 October 797d. 

Biometric Analysis of Incipient Speciation in the 

N. natrix shows a considerable  a m o u n t  of infrsapecific 
va r ia t ion  and  a large n u m b e r  of subspecies have  been 
recognized 1-4 based on only a few charac ters ,  an in- 
adequa te  n u m b e r  of spec imens  and wi thou t  p roper  
considerat ion of the  non-geographic  infraspecific varia-  
t ion. 

This pape r  is all a t t e m p t  to make  a more  object ive  and 
comprehens ive  assessment  of the  s ta tus  of the  var ious  
popula t ions  by  using univar ia te  and mul t iva r ia te  
b iometr ic  me thods  to analyze the  compl ica ted  pa t t e rns  
of geographic  var ia t ion  and univar ia te  m e t h o d s  to  

, de tec t  and negate  the  effect  of the  non-geographic  
infraspecific var ia t ion  such as a l lometr ic  g rowth  and 
sexual  d imorphism.  

750 spec imens  represen t ing  the  ent i re  range of the  
species were s tudied  and  the  range of the  species was then  
d iv ided in to  app rox ima te ly  50 small  re la t ively  homoge-  
neous geographic  uni ts  (on the  basis of collecting gaps, 
physical  isolation, and  the  overall  s imi lar i ty  of specimens  
as assessed by  cluster  analyses) so t h a t  the  geographic  
var ia t ion  be tween  the  geographic  uni ts  and the  non- 
geographic  infraspecific var ia t ion  wi th in  the  uni ts  could 
be analyzed.  
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Fig. 1. Canonical analysis. Female specimens, 48 characters. First 
axis has 33.3 % discrimination. Second axis has 16.5 % discrimination. 
Solid circles, western specimens; triangles, eastern specimens; 
squares, Tyrrhenian (Corsica and Sardinia) specimens; open circles, 
Bologna area specimens. 

Ringed Snake, Natr ix  natr ix  (L.) 

Of the  160 charac ters  5 originally recorded f rom the  
scalation, colour pa t t e rn ,  in terna l  ana tomy,  dent i t ion,  
dermal  sense organs and b o d y  proporLions, 52 (50~) 
charac ters  were chosen for t he  canonical  analyses;  the  
res t  being d iscarded because they  did no t  show signif icant  
geographic  var ia t ion  (as assessed by  a one-way analysis  
of variance),  did no t  con t r ibu te  original  in format ion  (i.e. 
had  a high pooled wi th in-group  correlat ion to o ther  
included characters)  or for o ther  t a x o n o m i c  or s ta t is t ica l  
reasons. 

Canonical  analysis  s imul taneous ly  takes  in to  account  
the  var ia t ion  and  covar ia t ion  of all of the  charac te rs  and 
computes  d i sc r iminan t  axes so as to produce  the  mini-  
m u m  overlap be tween  the  geographic  units.  This method ,  
toge the r  w i th  the  re la ted D 2 analyses,  clearly indicates  
t h a t  the  geographic  uni ts  largely cluster  into 3 groups, i.e., 
an eas te rn  cluster,  a wes te rn  d u s t e r  and a Tyr rhen ian  
cluster  (Figures I and  2). However ,  the  specimens f rom 
the  Bologna area of n o r t h  I t a ly  are phene t ica l ly  and 
geographical ly  in t e rmed ia te  be tween  the  eas tern  and  
wes tern  spec imens  and the  Coriscan specimens  are 
phenet ica l ly  in te rmedia te  be tween  the  Sardinian  and  
wes tern  main land  specimens.  

I t  should be no ted  t h a t  a deta i led  inves t iga t ion  of all 
the  avai lable canonical  axes, toge the r  wi th  fu r ther  
mul t iva r ia te  analyses of the  Variation wi th in  the  eas te rn  
and wes tern  clusters  indica te  t h a t  these  2 groups are no t  
homogeneous  b u t  show a considerable  a m o u n t  of complex  
geographic  var ia t ion.  

The ques t ion  arises as to  how the  2 ma in land  popula-  
t ions  could have  d iverged f rom one ano the r  because the  
eas tern  and  wes te rn  popu la t ion  are ad jacen t  to  one 
ano the r  in Centra l  Europe  and are no t  separa ted  by  any  
phys iographic  barrier.  The con tac t  zone be tween  these  
2 popula t ions  does no t  comple te ly  coincide wi th  the  
River  Rhine  or moun ta in s  to  t he  eas t  as previously  
impl ied 1, ~ and, moreover ,  since N. natrix is b o t h  fairly 
aquat ic  and found in moun ta inous  regions the  Rhine  and 
associated moun ta in s  canno t  be considered as effective 
barr iers  to gene flow. 

I t  is suggested t h a t  dur ing  the  ex tens ion  of the  Pleisto-  
cene ice caps the  popu la t ion  of N. natrix would have  been 
spli t  so t h a t  separa te  south  wes tern  and south  eas tern  

1 G. HECHT, Mitt. Zool. Mus. Berlin 16, 244 (1930). 
2 R. MERTENS, Abh. senckenb, naturforseh. Ges. d76, 1 (1947). 

R. MERTENS, Abh. senckenb, naturforsch. Ges. 38, 175 (1957). 
4 R. MERTE~S, Abh. senckenb, naturforsch. Ges. d7, 117 (1966). 
5 R. THORPE, J. Linn. Soe. (Biol.), in press. 


