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Embryologic and clinical indications of teratogenic ac- 
tion of delayed ovulation and/or insemination in man have 
often been reproted. HERTIG 1° finds increased pathology 
of cleaving stages and blastocysts derived from eggs in- 
seminated later than the 14th day of the menstrual cycle. 
IFFY 24 has collected a large material  on pregnancies which 
started in the last week of the menstrual cycle. He holds 
that  delayed ovulation and/or delayed fertilization are 
major causes of reproductive pathology and on this basis 
propounds his 'past-mid-cycle theory' ,  contra-indieating 
the practice of the rhy thm method in birth control. 

The realization of essentially good prospects to learn 
about  the gene content  of chromosomes from correlated 
studies of aneuploid karyotypes and malformations can- 
not be hoped for without  paying due consideration to too- 

dified developmental conditions created by overripeness. 
This will not  detract  from the value of parallel immunolo- 
gic and cytologic analysis with refined new technics ~, 2s 
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The Population Council, Bio-Medical Division, 
The Rockefeller University, 
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PRO E X P E R I M E N T I S  

A S p e c t r o p h o t o m e t r i c  M e t h o d  f o r  t h e  D i r e c t  R e c o r d i n g  of  D i o l d e h y d r a s e  A c t i v i t y  

Dioldehydrase is a widely distributed enzyme among 
micro-organisms. The reaction which it  catalyzes involves 
the dehydration of a number of diols 1 with production 
of an aldehyde, as indicated in the following general 
equation : 

R-CHOH-CH~OH --> R-CH2-CHO-t-tt~O 

The most commonly used substrate is propane-l ,2-  
diot and the rate of the reaction is usually followed by 
the amount  of 2,4-dinitrophenylhydrazone formed at  a 
given t ime upon addition of 2, 4-dinitrophenylhydrazine. 
This method, described by BOEHME and WINKLER *, does 
not allow direct and continuous measurements of kine- 
tics and, like most sampling methods, is rather time- 
consuming. 

Since one of the products of the reaction is an aliphatic 
aldehyde we have a t tempted to couple the dioldehydrase 
reaction to that  catalyzed by alcohol dehydrogenase. 
The rate of oxidation of NADH by the latter enzyme 
may be followed spectrophotometrically. The technique 
developed for a continuous recording of dioldehydrase 
act ivi ty  is described in this paper. 

Materials and methods. As a source of the apodiol- 
dehydrase, a cell-flee extract  from Aerobacter aerogenes 
(ATCC 8724) was prepared according to LEE and ABE- 
LES 8. At  a variance from the procedure described by 
the authors quoted we have omitted propanediol from 
the extraction mLxture without  appreciable loss of acti- 
vity.  The enzyme extract  could be stored lyophilized up 
to 15 days. 

The enzyme act ivi ty  was followed by the rate of dis- 
appearance of NADI-I, as measured with a recording 
Eppendorf photometer  equipped with a 366 nm filter. 
The cuvet te  holder of the instrument  was thermostated 
at  30°C. The assay mixture (1 ml) consisted of: apodiol- 
dehydrase in the range of 0.5-0.6 mg protein; 3 nmoles 
dimethylbenzimidazolyl cobamide (DMBC) (Glaxo) ; 
0 .5mg alcohol dehydrogenase from yeast (SIGMA) 
(200-250 U/mg prot.); 0.9 ~moles N A D H  (SIGMA, 
Grade I I I ) ;  50 t~moles Tris-HC1; 12.5 [~moles KC1 and 
0.3 mg Bovine Serum Albumin (SIGMA). The reaction 
is started by adding 3 tA of 1, 2-propanediol (Fluka) stock 
solution (1M) standardized according to EIBL and 
LANDS 4. The reference euvette  contained buffer and 
0.3 [zmoles NADH. The addition of N A D H  also to the 

reference cuvette  allows to use a high enough N A D H  
concentration in the sample cuvette. 

Propionaldehyde (Fluka) used in Km experiments was 
purified by redistillation. The redistillated product dis- 
played a refractive index n~ * = 1.3643 in agreement with 
data reported in li terature (n~ 9 = 1.3646)5. The aldehyde 
concentration was determined by addition of sodium 
bisulfite and iodimetry. Styreneglykol solution, used in 
experiments of specific inhibition, was made of pure 
reagent supplied by Fluka. 

Results. A pre-requisite for the use of ADH as coupling 
enzyme for the spectrophotometric determination of diol- 
dehydrase is tha t  the dehydrogenase may react with 
propionaldehyde at a sufficiently high velocity and with 
a reasonable Km. Accurate determination of this para- 
meter has yielded a value of 3.36 × 10-3M. 
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Linear relationship of NADH oxidation rate with protein concen- 
tration, Experimental conditions as described trader materials and 
methods. 
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5 p. G. STEGKER, The Merck Index (Merck and Co. Inc., Rahway, 
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Since t h e  A D H  reac t i on  shou ld  n e v e r  be  r a t e - l imi t ing ,  
r e l a t ive ly  h i g h  c o n c e n t r a t i o n s  of A D H  m u s t  be  a d d e d  
to  the  a s say  m i x t u r e  in v iew of t h e  low a f f in i ty  of A D H  
for p rop iona ldehyde .  P r e l i m i n a r y  e x p e r i m e n t s  h a v e  
shown  t h a t  t h e  e n z y m e  a c t i v i t y  becomes  i n d e p e n d e n t  
f rom A D H  c o n c e n t r a t i o n s  on ly  a b o v e  50-100 ~g of 
A D H  pe r  sample .  A safe a m o u n t  of enzyme ,  in  t h e  a s s a y  
mix tu re ,  was  cons idered  to  be  500 [~g. 

A n o t h e r  p re - requ i s i t e  for t he  a p p r o p r i a t e  use of a 
coupled  s y s t e m  to a s say  t he  d i o l d e h y d r a s e  a c t i v i t y  is 
t h a t  no  o t h e r  r eac t ion  i n v o l v i n g  N A D H  o x i d a t i o n  occurs  
in  t h e  sys tem.  The  speci f ic i ty  of t h e  a s say  h a s  the re fo re  
been  checked,  as r epo r t ed  in T a b l e  I .  I t  m a y  be  seen 
t h a t  unspeci f ic  i n t e r f e rence  in our  p r e p a r a t i o n s  a c c o u n t s  
for a t  m o s t  7%.  Most  p r o b a b l y  such  a n  in t e r f e rence  m a y  
be  comple t e ly  exc luded  b y  t he  use of r e s p i r a t o r y  inh ib i -  
tors .  U n d e r  t h e  e x p e r i m e n t a l  cond i t i ons  assessed, a s t r i c t  
p r o p o r t i o n a l i t y  was  found  b e t w e e n  r a t e  m e a s u r e d  a n d  
a m o u n t  of e n z y m e  p r o t e i n  a d d e d  to  t he  a s say  mix tu re .  
Th i s  is c lear ly  i l l u s t r a t ed  b y  t h e  g r a p h  r epo r t ed  in  
F i g u r e  1. 

A d i rec t  c o m p a r i s o n  of t h e  m e t h o d  descr ibed  w i t h  t h e  
c o n v e n t i o n a l  d i n i t r o p h e n y l h y d r a z o n e  m e t h o d  is r e p o r t e d  
in T a b l e  I I .  Clear ly  t h e  resu l t s  o b t a i n e d  b y  t h e  2 m e t h o d s  
are  pe r fec t ly  c o m p a r a b l e  b u t  t h e  e x t e n t  of t h e  exper i -  
m e n t a l  e r ror  is de f in i t e ly  lower  w i t h  t h e  m e t h o d  we 
propose  t h a n  w i t h  t h e  m e t h o d  of BOEHME a n d  WINK- 
LER 2. The  s t a n d a r d  er ror  found  in  t he  fo rmer  case is 
6 -7  t i m e s  less t h a n  in t h e  l a t t e r ,  

Some  k ine t ics  p a r a m e t e r s  of d i o l d e h y d r a s e  f rom A. 
aerogenes h a v e  been  also r e i n v e s t i g a t e d  b y  th i s  t e c h n i q u e  
a n d  c o m p a r e d  w i t h  those  r e p o r t e d  in  l i t e r a tu re .  D a t a  
r e p o r t e d  in  T a b l e  III .  i nd i ca t e  a good a g r e e m e n t  of ou r  
d a t a  w i t h  t hose  a l r e ady  p u b l i s h e d  b y  o t h e r  a u t h o r s  ~. 

Discussion. T h e  m e t h o d  desc r ibed  h a s  t h e  a d v a n t a g e  
of b e i n g  a c o n t i n u o u s  r ecord ing  of t h e  k ine t i c s  r a t h e r  
t h a n  a s a m p l i n g  me thod .  Th i s  a l lows accu ra t e  measu re -  
m e n t s  of in i t i a l  r a t e s  and ,  in  add i t ion ,  leaves  m u c h  less 

Table I. Specificity of ADH-coupled dioldehydrase activity 

Enzymic 
activity 
(%) 

Complete system 100 
DMBC 7 
ADH 7 
1,2-Propanediol 7 
KCI 66 
BSA 9O 
Apodioldehydrase 0 

Experimental conditions as described under materials and methods. 

Table II. Dioldehydrase activity determined by ADH-coupled reac- 
tion and according to BOEHME and WINKLErt z 

nmoles propionaldehyde •mg -1 protein, min -1 
ADH-eoupled system Dinitrophenyl- 

hydrazone 
system 

120.3 ± 0.91 (6) 119.6-4- 6.5 (6) 

Data ! S.E.M. In parenthesis number of determination. 

Table III. Comparison of some kinetics parameters of dioldehydrase 
from A. aerogenes determined by the new assay method with those 
reported in literature 

New technique Literature 

Km of 1,2-propanediol 1.20 × 10-4M 0.81 x 10-4M (ref. 6) 
Ki of styrene glykol 3.56 × 10-~M 3.84 × 10-2M (ref. ~} 

room for e x p e r i m e n t a l  error.  The  s e n s i t i v i t y  of t h e  
m e t h o d  is r a t h e r  h i g h  as c o m p a r e d  w i t h  t h e  classical  
d i n i t r o p h c n y l h y d r a z o n e  m e t h o d .  The  s e n s i t i v i t y  m a y  be  
f u r t h e r  increased  b y  r eco rd ing  a t  340 n m  in s t ead  of 
366 n m  or even  f u r t h e r  b y  record ing  t he  f luorescence  
change  of t he  nuc leo t ide .  

The m e t h o d  ha s  l imi t a t ions ,  however ,  be ing  app l i ab l e  
on ly  to r e l a t ive ly  pur i f ied  sys tems .  Th i s  l i m i t a t i o n  m a y  
be, to  a c e r t a i n  ex t en t ,  c i r c u m v e n t e d  b y  t h e  use of t he  
r e s p i r a t o r y  inh ib i to r s .  A second l i m i t a t i o n  ar ises  f rom 
the  necess i ty  of u s ing  h i g h  c o n c e n t r a t i o n s  of pur i f ied  
A D H  w h i c h  shou ld  n e v e r  b e  r a t e - l imi t ing .  P r e l i m i n a r y  
e x p e r i m e n t s  a re  the re fo re  necessa ry  to  ensu re  t h a t  t h i s  
cond i t i on  is fulfi l led. Th i s  p o i n t  m a k e s  t h e  m e t h o d  fa r  
more  expens ive  t h a n  t h e  p r ev ious  one. All  t h i n g s  con-  
s idered,  however ,  we feel t h a t  t he  b a l a n c e  b e t w e e n  
a d v a n t a g e s  a n d  d i s a d v a n t a g e s  of t h e  new m e t h o d  f avour s  
i t  a n d  d i s f avour s  t he  s a m p l i n g  m e t h o d  of BOEHEME a n d  
VV'INKLER. 

Zusammen[assung. Es  wi rd  eine r a sche re  u n d  e m p f i n d -  
l ichere  M e t h o d e  zu r  B e s t i m m u n g  de r  Akt iv i t~ i t  y o n  Diol-  
d e h y d r a s e  beschr ieben .  
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