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INTROI)  U( 'TI( IN 

In recent years, there has been a substantial increase in the amount of free energy 
data pertinent to reactions of biological interestS, ". However, for a complete thermo- 
dynamic analysis, this information should be correlated with the necessary thermo- 
chemical wdues, it  was this consideration which prompted the calorimetric study of 
the reaction of pyruvate with reduced diphosphopyridine nucleotide, I)PN (red), as 
catalyzed by lactic acid dchydrogenase, LAD, to give lactate and oxidized diphospho- 
pyridine nucleotide, DPN (ox), represented by the following relationship: 

(I) ll~ ! I~yruvate  • l ) I ) N ( r e d )  < ( l ~ . \ l ) ) > l a c t a t e  " l ) l ) N  (()x). 

This specific s y s t e m  w a s  selected since the standard free e n e r g y  change, AG'~, is known a, 4, 5. 
One could then calculate the standard eilthalpy change, 2 H  °, and the standard entropy 
change, 2 5  "~', for the over-all reaction and for the half-reactions involved. 

I : X P E R I M E N T . \ L  

I. CaloriJl~etcr. T h e  c a l o r i m e t e r  w a s  a s m a l l  s i l v e r e d  D e w a r  f l a sk  f i t t ed  w i t h  a g r o u n d  g l a s s  
e v a c u a t e d  s t o p p e r  c o n t a i m n g  t h r e e  i n l e t  t u b e s  t h r o u g h  w h i c h  p a s s e d  a t h e r m i s t o r ,  t h e  e n z y m e  
d e l i v e r y  t u b e ,  a n d  a n o n - i n d u c t i v e l y  w o u n d  I n a n g a n i n  w i r e  r e s i s t a n c e  coil .  

T h i s  a s s e m l ) l y  w a s  l / lOul l ted  on  a f r a m e  s u b m e r g e d  in a t h e r m o s t a t  w h o s e  t c l l l p e r a t u r e  w a s  
m a i n t a i n e d  a t  25.oo' (" w i t h  t e m p e r a t u r e  f l u c t u a t i o n s  n o t  e x c e e d i n g  o . o o l  C. T h i s  c o u l d  be  r o t a t e d  
t h r o u g h  a n  a r c  ()f t h i r t y  d e g r e e s  a t  a r a t e  of  3 ° } 4 c y c l e s  p e r  m i n u t e ,  m i x i n g  w a s  f u r t h e r  f a c i l i t a t e d  
b y  t h e  p r e s e n c e  of  a s m a l l  P y r e x  b e a d .  

".['he c a l o r i m e t e r  o r  h e a t e r  r e s i s t a n c e ,  l?h, w a s  u s e d  to  d e t e r m i n e  t i le e n e r g y  p r o d u c e d  b y  t h e  
r e a c t i o n .  T h i s  r e s i s t o r  w a s  m a d e  f r o m  m a n g a n i n  w i r e  (B.% 28) t o  f o r m  a h o l l o w  b i f i l a r l y  w o u n d  he l ix  
15 m m  in  d i a m e t e r  a n d  35 m m  in  l e n g t h  e x p o s i n g  a s u r f a c e  of  33 sq .  c m  h e n c e  p e r m i t t i n g  e x t r e m e l y  
r a p i d  h e a t  t r a n s f e r .  C o p p e r  c u r r e n t  a n d  p o t e n t i a l  l e a d s  (A\V( ;  ~_3 o a n d  @ 3 6 )  w e r e  s i l v e r  s o l d e r e d  to  
t h e  coil ,  a n d  t h e n  c o a t e d  w i t h  G.F..  a d h e s i v e  7031,  F o r m v a r ,  a n d  l ) o w  C o r n i n g  S i l i cone  l l e s in  @ 9 3 5 -  
I t  w a s  a n n e a l e d  fo r  s ix  w e e k s  a t  125 C p r i o r  t o  i n c o r p o r a t i n g  in t h o  c a l o r i m e t e r .  T h e  r e s i s t a n c t  
w a s  z5 .335  47 o .oo2  o h m s * * * .  A s i m i l a r  r e s i s t o r  s e a l e d  in  a P y r e x  t e s t  t u b e  s u s p e n d e d  in  t h e  t h e r m o -  
s t a t  s e r v e d  as  t h e  s t a n d a r d  r e f e r e n c e ,  Rs, w i t h  a r e s i s t a n c e  of  31 ,541  ~ o .oo2  o h m s .  

T h e  t e m p e r a t u r e  c h a n g e  in t h e  c a l o r i m e t e r  w a s  d e t e r m i n e d  w i t h  a t h e r m i s t o r  (\V.F~. ~ - 9 \ )  
w i t h  a r e s i s t a n c e  of 3 2 , 0 0 0  o h m s  a t  25 ' C. 

* T h i s  w o r k  w a s  s u p p o r t e d  in p a r t  b y  a c o n t r a c t  w i t h  t i le  Off ice of N a v a l  R e s e a r c h .  
** P r e s e n t  a d d r e s s :  124 \V. 7 th  St . ,  l x m s d a l e ,  l ' e n n s y l v a n i a .  

* * * All e l e c t r i c a l  u n i t s  a r c  a b s o l u t e .  O n e  c a l o r y  ( t h e r m o c h e m i c a l )  : 4. I ¢%40 j ou le ,  o (" 273. [0o  ' K  e. 

Rc/t 'rem:es p. 232.  
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The leads from these  were t h e r m a l l y  g rounded  to  the  ca lo r ime te r  cover  and  the  usual  pre- 
cau t ions  followed to  reduce  a ny  add i t i ona l  h e a t  losses. 

The enzyme  de l ive ry  tube  8 m m  o.d., 6 m m  i.d., and  23 m m  in length  sealed wi th  paraffin wax. 
The enzyme  was  expe l led  by  m a n i p u l a t i n g  a rod. H e a t  loss was min imized  by pass ing  the rod th rough  
three  snug ly  f i t ted rubbe r  gaskets .  

The hea t  c a p a c i t y  of the  ca lo r imete r  was e q u i v a l e n t  to ~ 2 g of wa te r  when charged  wi th  25.oo g 
air-free d is t i l led  water .  

2. Heat loss. An index  of hea t  loss, va l id  when the  t e m p e r a t u r e  different ia l  be tween  the  calori-  
meter  and i ts  e n v i r o n m e n t  is small,  g iven  by the  fol lowing e q u a t i o n :  

dl" 
(-') c/t = h ( ~ )  7',.) : d 

where dT/dl  is the ra te  of hea t  change,  ?)  and  T c are the t e m p e r a t u r e s  of ca lo r ime te r  j a c k e t  and 
ca lo r ime te r  respect ively ,  k is the  t r ans fe r  coefficient, and  d is a n o n - t e m p e r a t u r e  dependen t  term.  
This  r e l a t ionsh ip  has  beeu a d e q u a t e l y  discussed by  bo th  \VHITF 9 and STtJRXEVAN'r TM therefore,  only  
a few of the  ge rmane  fea tures  will  be ment ioned .  =Fhe hea t  loss can he min imized  if the  factors  k,d, 
and (Ti --7"c) are small .  This was accompl i shed  for the in i t ia l  two t e rms  by  cons t ruc t ion  while 
the  l a t t e r  t e rm prior  to the  s t a r t  of the  e x p e r i m e n t  was equa l  to o. io"  C and dur ing  the progress 
of the  reac t ion  would  decrease since the  process was exothermic .  

3. Electrical circuits. Two independen t  c i rcu i t  ne tworks  were employed,  one for ca l ib ra t ion  and 
the o ther  for t h e r m o m e t r y .  The first c i rcui t  was s imi la r  in pr inc ip le  to the  one descr ibed by  ST17R'r~,;- 
rANT 1°. A \Veston D-C mi l l i ammete r ,  Model ~)22, was incorpora ted  to ob ta in  " r o u g h "  vo l tage  checks 
and to ind ica te  any  ma l func t ion  in th is  seCtion. The vo l t ages  were measured  with a l ,eeds and 
N n r t h r u p  Type  K- l  p o t e n t i o m e t e r  wi th  reca l ib ra ted  s t a n d a r d  cells and resis tances.  

The c i rcui t  for t h e r m o m e t r y  was a \Vhea t s tone  br idge specif ical ly des igned to measure  smal l  
res i s tance  changes  in at the rmis to r .  A c r i t i ca l ly  d a m p e d  d 'Ar sonva l  ga lvanomete r ,  s ens i t i v i t y  of 
o.ooo 3 micro-amperes ,  was used. The c u s t o m a r y  precau t ions  were followed to ob t a in  m a x i m u m  
accuraey  11,12. The / e m p e r a t u r e  coefficient of the t he rmi s to r  was  es tab l i shed  for the  range of 24. 7 
to 25.3 C us ing  a Beckman t h e r m o m e t e r  la. The res i s tance  of the t h e r m i s t o r  in th i s  range ~)beys 
the r e l a t ionsh ip  

(3) R = R ~  exp B I T  
where  

R : = t he rmi s to r  res i s tauce  a t  t e m p e r a t u r e  7" 
R ~  t he rmi s to r  res i s tance  a t  inf ini ter  t e m p e r a t u r e  
B a c o n s t a n t  cha rac te r i s t i c  of a g iven t h e r m i s t o r  
T t empera tu re ,  in degrees Kelv in  
exp Naper ian  loga r i thm base. 

The ra te  of change  of res is tance  wi th  t e m p e r a t u r e  was found to be I574 ohms per degreeL Therefore 
by  measu r ing  res is tance  changes  to wi th in  + o. r ohms  the t e m p e r a t u r e  change  could be de t e rmined  
wi th  an u n c e r t a i n t y  of o.ooo064 ° C. 

4. Calibration and reproducibility. The va lues  for the  res is tances  R~ and R h were ob t a ined  
p o t e n t i o m e t r i c a l l y  us ing a reca l ib ra ted  Na t iona l  Bureau  of S t anda rds  t y p e  resis tor  as reference.  I t  
was observed over  a To weeks per iod t h a t  the ra t io  of the vo l t ages  across Rs to R/~ when R/, was 
immersed  in the reac t ion  solu t ion  was L-'4498 wi th  a s t a n d a r d  dev i a t i on  of o.oooo49 thus  deinon-  
s t r a t i n g  the  overal l  s t ab i l i t y  of the  sys tem.  

5. Reagents. The buffer consis ted of ana ly t i c a l  g rade  d i sod ium phospha t e  and po tas s imn  di- 
hyd rogen  phospha t e  which ha d  been dried for 24 hours  a t  1~5 ~ C. The sod ium p y r u v a t e  used was 
doub ly  rec rys ta l l i zed  from aqueous  so lu t ion  by  the  add i t ion  of isopropyl alcohol. 

The lac t ic  acid dehydrogenase ,  I~AD, (h)t no. 23.2~ l) and  DPN(red)  were ob ta ined  from Sigma 
Chemical  Co. The l a t t e r  ma te r i a l  was o.72 ! o.o-'5 pure  as de t e rmined  by  spec t ropho tome t r i c  assay  
a t  34 ° mi l l imicrons  us ing  the va lue  of 6.2-' • ~o 6 cm'-'/mole for the ex t inc t ion  coefficient of DI 'N  (red) H. 
Possible  c o n t a m i n a n t s  were water ,  b a r i u m  carbona te ,  adenine,  and  DPN (ox), none of which could 
in terfere  or produce  spur ious  effects in the  ca lor imet r ic  measuremen t s .  

6. Procedurc. A weighed amount of sodium pyruvate  was dissolved in t)host)hatc 
buffer. The temperature  of this solution was adjusted to 25.o ° C while  the temperature  
of the calorimeter  was  brought to 24.5 ° C. A measured quant i ty  of D P N  (red) was 
introduced into the calorimeter,  fol lowed i m m e d i a t e l y  by the addition of 24.97 ml of 
the pyruvate  solution. Previous ly  3 z ± z microl i ters  of LAD solution (9.2 micrograms,/ 
microliter buffer) were added with a micropipet  to the e n z y m e  holder. The calorimetric  
experiment usually could be initiated about a hour after charging. The addition of 

lCe/erem'es p. 23z.  
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O.O3I ml of the  enzyme to 24.97 inl react ion solut ion in t roduced  a negl ibly  small  heat  
effect. The react ion was comph, ted within 25 to 30 minutes  af ter  the  in t roduct ion  . f  
the  enzyme.  I t  wits demons t r a t ed  by  the ca lor imetr ic  d a t a  which were cor robora ted  
by  spec t ropho tomet r i e  s tudies  tha t  there  wits no demons t rab le  react ion pr ior  to the 
add i t ion  of the enzyme.  The heat  of react ion wits de t e rmined  by  s imula t ing  the exper i -  
men t  with the  sole except ion t ha t  I )PN (ox) was subs t i tu t ed  for D P N  (red)*. The 
reac t ion  cnrve cmfid be ma tched  by  three or four vol tage set t ings  dur ing the ca l ibra t ion  
with each vol tage being checked by  t r ip l ica te  readings .  

7. Error. The sys temat i c  errors in this  s tudy  were reduced  1)v tile compara t i ve  
technique  of ca l ibra t ion,  whereby  errors a t t r i b u t e d  to the rmis to r  heat ing,  t e m p e r a t u r e  
lag, t iming,  hea t  loss, elc. were dupl ica ted  and the reby  minimized.  The most  significant 
source (>f error  is a t t r i hu t ed  to the t ime required in switching from one vol tage  to another  
which might  t ake  up to two or three seconds. By graphica l  in tegra t ion  it can be shown 
tha t  the net  m a x i m m n  error duc to this  is less than  o.4°i,. The error  in t roduced  b y  
the hea t  of solut ion of the enzyme and of complex  format ion  wits considered to be 
inconsequentiaPa,*~. 

The fact tha t  DPN (red) wits q u a n t i t a t i v e l y  oxidized was es tab l i shed  from the 
equi l ib r ium constant ,  K,  for reac t ion  (I) where  

(4l 
Ix - (lactate) (DPN(ox)) 

(pyruvate) (I)l'X(red)) ( H )  

had been found a, ~t to be about  2. 5 • zolL Under  the e x p e r i m e n t a l  condi t ions  over  99.9q% 
of the  D P N  (red) would be oxid ized  upon a t t a i n m e n t  of equi l ibr ium.  

h : I £ S U L T S  A N I )  I H S C U S S I O N  

Due to the l imi ted  amoun t  of I )PN (red) awfilable,  only  two thermochemica l  
measurements  were made.  The d a t a  assembled  in Table  I are se l f -exp lana tory  except  
for the (~) te rms which will be clarified shor t ly .  The to ta l  vohune of the sys tem wits 
25.o0 ml and it was buffered at  p H  7.3 with o.I5 molar  t )hosphate buffer. The p H  
remained  cons tan t  its de te rmined  with a Beckman model  H p H  meter .  The D P N  (red) 
concent ra t ion  was ca lcu la ted  on the basis  t ha t  72 % of the ma te r i a l  a d d e d  as such wits 
in the reduced  s ta te .  The react ion t e m p e r a t u r e  was between 24. 9 and 25.o" C. The 
sys tem which conta ined  o.2o0 mil l imoles DPN (red) p roduced  a heat  equivalent ,  (),., 
of - -2 .o2  ± 0.025 calories, while ()e for tilt: o ther  exper imen t  wi th  o.18o mil l imoles 
I )PN (red) was -1.70 ± o.o~5 calories.  

(J~ m a y  be considered its being p roduced  p r imar i l y  by  two ettects, namely ,  

(5) q,, : ~.)~ i f?/, 

where (?,. is the hea t  due to react ion (I), and  (~)t, is tlic' energy at t r ibutabh~ to the  ioni- 
za t ion  of the  buffer. A minor  enexgy cont r ibu t ion  owing to the  t r ans fo rmat ion  of the  
r eac t an t s  with a given ionizat ion con tan t  to produc ts  with different  constants ,  e.g., 
lact ic  to py ruv ic  acid, m a y  be neglected at  this  pH.  To eva lua te  @,, for eve ry  An moles 
of D P N  (red) oxidized the corresponding lmmber  of moles of hydrogen  ions mus t  be 
removed.  F r o m  Table  II it  is seen tha t  the i r  source will be the d ihydrogen  phospha te  
ions wi th  a hea t  of ionizat ion of S22 calories pe r  mole. 

" I n  s u b s e q u e n t  m e a s u r e m e n t s ,  t h e  e n z y m e  w a s  n o t  a d d e d  s i n c e  i t s  c o n t r i b u t i o n  w a s  l l eg l i b l e .  

lee/erc~ccs p. 23-. 
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TABLE I 

S U M M A R Y  OF C A L O R I M E T R I C  E X P E R I . M E N T S  

Experiment ~8 le 

pyruwtte 
(initial concentration) 
DPN (red) 
(initial concentration) 
LA1) 

_.I t l  r 

o.9 sl millimoles 0.003 millimoles 

o. 2o6 millimoles o. 180 millimoles 

283 t '4 micrograms 
2.o2 !: 0.025 cal 

o,  I {)c) cal 
2.I0 ~: 0.025 cal 
1 o.O a kilocal 

285 t 9 micrograms 
1.76 ! O.Ol 5 cal 

0 . 1 4 8  cal 
1.91 o.o~5 cal 
~o.0 t kilocal 

I .  

2.  

3. 

4 .  

T.\ B[.E II 

I O N I Z A T I O N  C O N S T A N T S  A N D  M O L A L  H E A T S  O F  I O N I Z A T I O N S  

p K  
x5  ° C 

Pyruvic acid 17 * 2.49 ° 
Lactic acid TM 3.86z 
Phosphoric acid TM 

1 s t  d i s s o c i a t i o n  2 .  1 2 4  

end dissociation 7.200 
Ammonium ion ~ 6 position 
of the adenine group 
a. DPN (ox) 19 3.9 
b. adenosine t r iphosphate 2° 4.00 
c. adenosine diphosphate 2° 3.95 
d. adenosine monophosphate 21~ 3.74 

A H i ° 
cal.  m o l e  

2460 *. 
- 99 

• 1,773 
~ 2 2  

* This indicates the li terature source. 
** The molal heat  of ionization of weak electrolytes is a function of the tenlperature;  this value 

is calculated for the temperature range between 2 5 ' C  and 37 C17, TM. 

T h e  e n t h a l p y  c h a n g e  for  r e a c t i o n  (I),  A H ,  was  f o u n d  to  b e  - - I O . 6 a  a n d  - - I o . 6 1  

k i l o c a l o r i e s / m o l e  for  t h e  r e s p e c t i v e  e x p e r i m e n t s .  T h i s  e x c e l l e n t  a g r e e m e n t  is o b v i o u s l y  

f o r t u i t o u s ,  in  s u b s e q u e n t  c a l c u l a t i o n s  e v e n  t h o u g h  t h e  v a l u e  of - - I O . 6 2  k i l o c a l o r i e s / m o t e  

is u s e d  i t  m u s t  b e  r e c o g n i z e d  t h e r e  e x i s t s  a n  u n c e r t a i n t y  of 2 1~o{, due  to  t h e  d i f f i cu l ty  

in  d e t e r m i n i n g  t h e  D P N  (red) c o n c e n t r a t i o n .  

THERMOI)YNAMICS 

T h e  s t a n d a r d  e n t h a l p y  c h a n g e ,  A H  °, for  t h i s  s v s t e m  is g i v e n  b y  e q u a t i o n  (6) 

(6) , 1H  ~ = :1Hr ~ ~ 'Lreac tan t s  v,  Lproducts 

w h i c h  s t a t e s  t h a t  A H  ° is e q u a l  to  A H , ,  a n d  t h e  d i f f e r e n c e  b e t w e e n  t h e  s u m m a t i o n s  of 

t h e  r e l a t i v e  p a r t i a l  m o l a l  e n t h a l p i e s  of t h e  r e a c t a n t s  a n d  t h e  p r o d u c t s .  I t  m a y  b e  

a s s u m e d  t h a t  t h e  c o n t r i b u t i o n  of a n y  of t h e  r e l a t i v e  p a r t i a l  m o l a l  e n t h a l p y  t e r m s  wil l  

b e  smal l2\ ,  22. a n d  f u r t h e r m o r e  t h a t  t h e i r  c u m u l a t i v e  ef fec t  wi l l  b e  r e l a t i v e l y  ins ig-  

* The magnitude to be expected for these partial  molal enthalpies may be inferred from data  
cited in these references. 

Re/ereuces  p. 232.  
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nif icant  since t hey  tend  to cancel.  Thus the  value for A H  ° is equal  to - i o . 6  ki localor ies /  
mole for th is  sys tem.  

The s t a n d a r d  free energy change, AG '~, ca lcu la ted  by  BURTON ANI) WILSON 5 of 
- I5.55 ki localor ies /mole  will be used in the subsequent  calculat ions.  This wdue com- 
pares  favorab ly  wi th  those o f  I5.()5 and - - i 5 . 5  o ki localor ies /mole  comt)uted from 
NEIL.\NI)'S 4 and  RACl{F,R'S a d a t a  in sys tems of o.3 and o.o 4 molar  ionic s t rength.  

The s t a n d a r d  en t ropy  change, AN ~, was ob ta ined  by  subs t i tu t ing  the at)prot3riatc 
values  in the famil iar  re la t ionsh ip  

(7) 1¢; = , I H '  - - T I S '  

giving a value for AS ° equal  to I6.54 calor ies /degree mole. 
F r o m  fundamen ta l  principles,  it is ev ident  tha t  react ion (I) is the sum of the  

fol lowing two half  reac t ions  

(iii) 2H ! ' -e I pyruvate ~ lactate 
(Ib) l)PN(red) ! t t ,  = Dl'N(ox) ! -'H! } ,e, 

and tha t  the  t h e r m o d y n a m i c  funct ions  AG °, A H  °, and AS  ° are l ikewise the  sum of 
the cor responding  te rms  for the half  react ions.  Recen t ly  the  s t a n d a r d  free energies fl)r 
these respect ive  half react ions  which will be des igna ted  as AG~ and AG~ have heen 
eva lua t ed  by  BURTON and associates  a. 

The value for AS~ m a y  be es tab l i shed  from the t empe ra tu r e  dependence  of the 
s t a n d a r d  reduc t ion-ox ida t ion  poten t ia l ,  3/~'/8T. Using the value  o f  - - o . 7 I  5 mill ivol ts /  
degree ob ta ined  b y  BARREN AND HAS'I'iNt;S '2a, AS~ was ca lcula ted  ut i l iz ing equat ion  (S) 

/) 1,2 
(s) , I S  : ~l," 

¢)7" 

where 7/. is the number  of e lect rons  and F is the F a r a d a y  cons tant .  A value for AIS~ 
of 32.9 calor ies /degree mole was obta ined .  This  resul t  m a y  appea r  to be open to 
cr i t ic ism on the grounds  tha t  it  was based on values for A(;[ which were a i )p rox imate ly  
i o %  higher  than  those ob ta ined  more recen t ly  by  BURTON A N D  W I L S O N S ;  however,  
since the  value  for 3I?/37" is a re la t ive  measurement ,  i t  is pro l )ably  more rel iable  than 
the ind iv idua l  free energy te rms  involved.  

W i t h  this  in format ion  the r ema inde r  of the  t h e r m o d y n a m i c  funct ions were calcu- 
la ted  and assembled  in Table  I l l .  The vahles  for the  s t anda rd  free energy change 
and enthal t )y  change for reac t ion  (I) are e s t ima ted  to be re l iable  to within o.3 units ,  
while no a t t e m p t  was made  to e s t ima te  the  accuracy  of the  r ema inde r  of the values.  

"I'A BI.E 111 
SUMMAR'¢  ()F "I'Hb;RMODX.'NAMIC F U N C T I O N S *  

(at :25 ' (') 

l¢cuction IG 1 5 '  t H  ~' 
Kl!ocal molt  cal degrce mole Kdocu[  m,,l," 

ta  I o . 3 2 5 " *  3 2 . 0  z3 2 o . [ 2  
l l )  5 . - ' . . ,  ° 4 9 . 4  c).5a 
i 15.5a ~ 10 .54  - 1o .0 ,  2 

* No correction was made for the differences in ionic strength. 
** This in(licatcs lhe literature source. 
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An indication of their validity may be obtained from inspection of the following derived 
vahtes. BARROX AND HASTINC, S 2a found AH~ to be --21.64 ldlocalories/'mole, this when 
corrected for the difference in tile free energy te rm used is - -2o.2  kilecalories/mole 
which is in excellent accord with that  reported here. The entropy change for the re- 
duction of liquid acetaldehyde is of the same magnitude as that  giwm by reaction (Ia). 

I t  is of interest to note that  in reaction (Ia) that  the large negative enthalpy change 
favors this process while the negative entropy change opposes it; however, in reaction 
(Ib) the converse is the case. 
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SUMMARY 

An isothermally jacketed calorilneter was constructed in which tempera ture  changes could be 
measured to within o .o oo i '  C. The heat  of reaction of py ruva te  with reduced diphosphot)yridine 
nucleotide catalyzed by lactic acid dehydrogenase to give lactate and oxidized diphosphopyridine 
lmcleotide was measured with this apparatus .  The entha lpy  change for this reaction was found to 
be 1o.6. lO 3 calories per mole of DPN oxidized. This datuin,  correlated with results of equilibriuln 
lneasurements,  pertnit ted the calcuhttion of the s tandard  enthalpy change, s tandard  free energy 
change, and s tandard  ent ropy change for the over-all reaction, and also for the half reactions involved. 

RI?SUMI;IS 

Un calorim~tre i so thermiquement  isold, dans lequel des changements  de tempdra ture  peuvent  
6tre ddterminds 5 o.ooo~' C pr6s, a dtd construit .  La chaleur de la rdaction du pyruva te  avec le 
diphosphopyridine nucl@otide rdduit, catalysde pa r - l a  lactique ddshydrogdnase pour  donner  du 
lactate et du diphosphopyridine nucl6otide oxydd, a dr6 ddtermin6e g l 'aide de cet appareil, l.a 
variat ion d 'enthalpie de la r6action est de io.6. ioa calories par  mole de DPN oxyd6. Ce rdsultat, 
rapprochd des rdsultats des mesures A l'dquilibre, permet  de ealculer la variat ion s tandard  d'enthalpie,  
la variation s tandard  d'dnergie libre, la variation s tandard  d 'entropie pour  la rdaction globale, et 
dgalelnent pour les deux demi-rdactions Inises en jeu. 

ZUSAMMI~NFASSI!N(;  

Es wurde ein isothermisch isolierter Kak)rimeter hergestellt, in welchem es m6glich ist, 
Tempera tu r schwankungen  in einer Gr6ssenordnung von weniger als o.oooi ' C zu messen. In diesem 
Appara t  wurde die Reaktionsw/irme der yon Milchs~turedehydrogenase katalysierten Reaktion 
zwischen reduziertem Diphosphopyridinnucleot id  und Brenztraubens~iure zu oxydier tem Diphospho-  
pyridinnucleotid und Milchstiure gemessen. Es wurde eine Enthalpievar ia t ion von - - i o . 6 . i o  a 

Kalorien pro Molekiil oxydierten DPN ' s  festgestellt. Dieses Ergebnis,  im Zusammenhang  mit  Gleich- 
gewichtsbest immungen,  erm6glichte es, die S tandardwer te  ftir die Variat ionen von Enthalpie,  freier 
Energie und Entropie,  sowohl fiir die Gesamtreakt ion,  als auch fiir beide Teilreaktionen zu errechnen. 

Re/t're~l:cs p. -'32. 
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