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Changes with increasing temperature of some kinetic parameters of calf brain membrane bound neuraminidase 

EXPERIENTIA 30/10 

Parameter Temperature (~ 

37 ~ 45 ~ 55 ~ 70 ~ 

Optimum pH 
V~,, (units/mg protein) 
K,, ( • 10 -5 M) 
Substrate concentration at which the inhibitory effect starts (mM) 
Inhibition at i mM substrate (%) 

4.0 4.2 4.4 4.7 
1.5 3.9 8.1 24 
2.1 3.0 5.8 10.4 
0.2 0.25 0.35 0.5 

65 50 35 15 

Substrate used: disialoganglioside GDla. The data reported are the average of 5 experiments 

wel l -known inhib i t ion  4, ~ by  excess subs t ra te .  The 
var ia t ions  of some kinet ic  da t a  (op t imum pH,  Vm~x, 
K~,  inh ib i t ion  by  excess subst ra te)  w i t h  increasing 
t empe ra tu r e  are exposed in the  Table.  F r o m  37~ to  
70~ t h e  o p t i m u m  p H  shi f ted  f rom 4.0 to  4.7, t he  V~a~ 
f rom 1.5 uni ts / rag p ro te in  to 24 units ,  the  Km from 2.1 • 
10 -5 to  10.4 • 10 5. The inh ib i t ion  by  excess subs t r a t e  
s t a r t ed  a t  0.2 m M  ganglioside G D l a  a t  37 ~ a t  0.5 m M  
at  70 ~ The inhib i t ion  a t  1.0 m M  ganglioside G D l a  was 
65% at  37~ and only 15% a t  70~ 
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Fig. 3. Effect of the presence of substrate on the stability of calf 
brain membrane bound neuraminidase at 70 ~ The enzyme prepara- 
tion was allowed to stand at 70 ~ for the indicated time in the pres- 
ence of 0.15 mM disialoganglioside GDla (at pH 4.7), then refriger- 
ated in an ice bath and submitted to incubation at 37~ for 15 min 
(pH 4.0). The assay mixture contained 880 ~g of protein. The data 
exposed are the average of 4 experiments. -E]-[]-E]-, preineubated 
in the absence of ganglioside G D l a ; - I t - I t - R - ,  preininbated in 
the presence of ganglioside GDla. 

The same behaviour with increasing temperature was 
shown also with ganglioside GDIb and GTIb as the 
substrates, and was provided too by the enzyme prepared 
from the same animal according to LEIBOVlTZ and GAIT 8. 
Also, closely similar findings were observed using the 
rabbit and human brain enzyme. Thus it can be concluded 
that the above behaviour is a basic property of brain 
membrane bound neuraminidaseg. 

Riassunto. La velocitk di  idrolisi del ganglioside G D l a  
da pa r t e  della neuramin idas i  di  m e m b r a n a  del cervello di 
vitel lo ~ mass ima  a 70~ L ' a u m e n t o  della t e m p e r a t u r a  
da 37 ~ a 70 ~ p rovoca :  au men t o  delia Vmax (da 1.5 uni tk  
a 24 un i tk /mg  di proteina)  e del p H  o t t imale  (da 4.0 a 
4.7); au men t o  del valore di I ~  (da 2 .1 •  .5 M a 
10 .4•  .5 M) ;  d iminuz ione  del l ' e f fe t to  inibitorio da 
eccesso di  subs t ra to .  
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Protect ion of Vaccinia-Infected HeLa Cells by Lipophil ic  B e n z i m i d a z o l e  Derivat ives  

Al though  some act ivi t ies  have  been  repor ted  1, the  
p icornavi ra l - inh ib i t ing  der ivat ives  of 2- (g-hydroxyben-  
zyl)benzimidazole  (HBB) have  t ended  to  be classed as 
inactive,  or of low act iv i ty ,  towards  D N A  viruses 2. We 
now find t h a t  some of the  more  l ipid-soluble der iva t ives  
of HB]3 can be ve ry  effect ive a t  inh ib i t ing  the  onset  
of cy topa th i c  effect  (CPE) in vaccinia- infected mono-  
layers,  bu t  th is  effect  depends  on the  t issue cul ture sys t em 
employed.  We have  repor ted  a similar  p h e n o m e n o n  in 
re la t ion to  herpes  s implex virus, D-5-chloro-I lBB 
showing ac t iv i ty  in E1RK and Hep  2 cultures,  bu t  none in 
H E L  cultures 1. 

Medium [Eagle 's  m i n i m u m  essential  med ium conta in ing  
foetal  bovine serum (10% v/v),  NaHeOa  (0.112% w/v), 

g lu tamine  2.0 raM, benzyl-penici l l in  (100 U/ml) and 
s t r ep tomyc in  (100 ag/ml)~ was removed  f rom HeLa  
monolayers  and replaced by  fresh m e d i u m  [with the  
se rum reduced  to  2% and  the  NaHCO 8 increased to  
0 .2240]  conta in ing  one of a set  of neurovaccin ia  virus 
di lu t ions  and conta in ing  tes t -  co mp o u n d  at  the  chosen 
concent ra t ion .  The virus  was  included in th is  m e d i u m  
immedia te ly  before its add i t ion  to  the  monolayers .  
In fec ted  and uninfec ted  control  cul tures were s imul ta-  

1 D. G. O'SULLIVAN, D. PANTIC, D. S. DANE and N[. BRIGGS, Lancet 
7,446 (1969). 
H. J. EOGERS and I. TA~,  J. exp. Med. 173, 657 (1961). 
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n e o u s l y  p r e p a r e d .  C u l t u r e  t u b e s  (each c o n t a i n i n g  2 m l  of  
m e d i u m )  w e r e  ro i l ed  c o n t i n u o u s l y  a t  3 7 ~  a n d  t h e  
t i m e  e l a p s i n g  u n t i l  d e v e l o p m e n t  of  5 0 %  C P E  w a s  n o t e d .  
V i r a l  TCIDh0  d o s e s  we re  c a l c u l a t e d  f r o m  t h e  r e s u l t s  
o b t a i n e d  f r o m  t h e  se r i e s  o f  i n f e c t e d  c o n t r o l s  a, ~. 

T h e  v a r i a t i o n  of  t i m e  i n t e r v a l  t ( b e t w e e n  i n f e c t i o n  
a n d  5 0 %  C P E )  w i t h  log (TCIDh0  ) is s h o w n  in  F i g u r e  1 fo r  
t h e  s t a t e d  c o n c e n t r a t i o n s  of 1 - b u t y l - ,  1 - p h e n y l - ,  1 -benzy l - ,  
5 - b r o m o - l - p r o p y l - ,  5 - c h l o r o - l - p r o p y l - ,  a n d  5 - f luo ro -1 -  
p r o p y l - d e r i v a t i v e s  of  H B B  a n d  fo r  i n f e c t e d  con t ro l s .  As  
d a t a  f r o m  s e v e r a l  e x p e r i m e n t s  h a v e  b e e n  c o m b i n e d  to  
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Fig. 1. Dependence of time interval (between infection of HeLa cells 
and 50% CPE) on vaccinia virus dose for cultures containing 
inhibitors as follows : curve 0, control cultures with no test-compound; 
1, 5-fluoro-l-propyl-HBB (40 [xM); 2, 5-chloro-l-propyl-HBB (50 
[zM) ; 3, 5-bromo-l-propyi-KBB (50 [I,M) ; 4, 1-benzyi-HBB (50 ptM) ; 
5, 1-phenyl-HBB (50 ~M); 6, 1-butyl-HBB (20 [zM); 7, 1-phenyl- 
HBB (70 [xM). 50 % cell death occurred at day 5 in uninfected control 
cuItures. 

p r o d u c e  F i g u r e  1, e x p e r i m e n t a l  p o i n t s  a r e  t o o  n u m e r o u s  
t o  p l o t  i n  t h e  F i g u r e .  I n s t e a d ,  t h e  d a t a  f r o m  w h i c h  e a c h  
c u r v e  w a s  c o n s t r u c t e d  w a s  f i t t e d  t o  E q u a t i o n  (1)4: 

log 10(5-t) = n logl0iogl0(TCIDs0 ) + log 10 B. (1) 

T h i s  is  a l i n e a r  r e l a t i o n  b e t w e e n  log(5-t)  a n d  log  
log(TCIDh0 ). V a l u e s  of  t h e  c o n s t a n t s  n a n d  log  B, t h e  
n u m b e r  of  c u l t u r e  t u b e s  N, a n d  t h e  c o r r e l a t i o n  coe f f i c i en t  
r for  e a c h  l ine  a r e  g i v e n  in  t h e  T a b l e .  T h e  d i f f e r e n c e  
b e t w e e n  t h e  n v a l u e  fo r  a c o m p o u n d  a n d  for  t h e  i n f e c t e d  
c o n t r o l  is r e l a t e d  to  t h e  e f f e c t i v e n e s s  of  t h e  c o n c e n t r a t i o n  
of  c o m p o u n d  t e s t ed4 .  

F i g u r e  1 a n d  t h e  T a b l e  s h o w  t h a t  t h e  1 - b u t y l - ,  1- 
p h e n y l - ,  1 -benzy l - ,  a n d  5 - b r o m o - l - p r o p y l - d e r i v a t i v e s  of  
H B B  c a n  e x e r t  s u b s t a n t i a l  p r o t e c t i v e  p o w e r  a g a i n s t  C P E  
in  I t e L a  cel ls  c a u s e d  b y  v a c e i n i a  v i r u s  a n d  t h a t  t h e  
5 - b r o m o - d e r i v a t i v e s  is m u c h  m o r e  a c t i v e  t h a n  i t s  ch lo ro  
or  f l uo ro  a n a l o g u e .  I t  wi l l  b e  n o t e d  t h a t  1 - b u t y l - H B B  
(30 ~xM) a n d  1 - p h e n y l - H B B  (70 ~ M )  fa i l ed  to  s h o w  a n y  
a c t i v i t y ,  a n d  1 - b e n z y l - H B t 3  (50 ~ M )  s h o w e d  o n l y  s l i g h t  
a c t i v i t y ,  w h e n  t e s t e d  a g a i n s t  t h e  s a m e  v i r u s  in  E R K  
c u l t u r e s  1. B o t h  t t e L a  a n d  E R N  a re  c o n t i n u o u s  cell  
l ines  of  h u m a n  o r i g in  5. 

5 - B r o m o - l - p r o p y l - H B B  w a s  m o r e  e f f e c t i v e  t h a n  
I U d R  s w h e n  b o t h  w e r e  t e s t e d  a t  50 ~ M  b y  t h e  m e t h o d  
d e s c r i b e d  a b o v e .  S u r p r i s i n g l y ,  i s a t i n  3 - t h i o s e m i c a r b a z o n e  
a n d  i t s  1 - e t h y l  d e r i v a t i v e ,  t e s t e d  a t  10 ~ M  7 a n d  5 ~zM s 
r e s p e c t i v e l y ,  we re  t o x i c  in  t h i s  i n f e c t e d  cell  s y s t e m  a n d  
g a v e  no  p r o t e c t i o n .  I n  c a se  m e t a b o l i c  r e m o v a l  of  I U d R  
in  t i s s u e  c u l t u r e  r e d u c e d  t h e  d r u g ' s  a c t i v i t y ,  t h e  e f f ec t  
of  r e p l a c i n g  t h e  c o m p o u n d s  p e r i o d i c a l l y  d u r i n g  i n c u b a t i o n  
of  t h e  i n f e c t e d  cel ls  w a s  e x a m i n e d .  D a t a  p l o t t e d  in  F i g u r e  
2 s u g g e s t  t h a t  m e t a b o l i c  r e m o v a l  of  I U d R  d i d  r e d u c e  i t s  
a c t i v i t y  to  s o m e  e x t e n t .  L i n e s  ]3, I,  a n d  C w e r e  o b t a i n e d  
w i t h  5 - b r o m o - l - p r o p y l - H B B ,  I U d R  a n d  i n f e c t e d  c o n t r o l s  
r e s p e c t i v e l y ,  b y  i n c u b a t i n g  i n f e c t e d  t r e a t e d  a n d  u n -  
t r e a t e d  cel ls  in t h e  u s u a l  w a y  w i t h o u t  f u r t h e r  i n t e r f e r e n c e  
w i t h  t h e  m e d i u m .  L i n e s  B ' ,  I', a n d  C'  w e r e  o b t a i n e d  b y  
a d d i n g  5 - b r o m o - l - p r o p y l - H B B ,  I U d R  a n d  n o  t e s t -  

a ' ,  I '  
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Fig. 2. Comparison of the protection of vaceinia-infected HeLa ceils 
by 5-bromo-l-propyl-HBB (50 ~M) (lines B and B') and by IUdR 
(50 [xM) (lines I and I') in relation to infected controIs (lines C and C'). 
Lines B, I, and C refer to cultures in which media were not  changed 
after the initial infection of the cells and lines B', I', and C" refer to 
cultures in which the media were replaced by fresh media (not 
containing virus, bu t  containing 50 [zM of appropriate test-compound) 
every 24 h following the initial infection of the cells. 50% cell death 
occurred at day 5 in uninfected control cultures. 

Protection of vaccinia-infected HeLa cells by HBB derivatives 
at quoted micromolarities 

Test-compound [xM n (SD) iogl0B (SD) N r 

1-Bu-HBB 20 5.06 (0.49) 3.50 (0.35) 16 0.995 
1-Ph-HBB 70 5.28 (0.63) --  3.64 (0.45) 12 0.993 
1-Ph-HBB 50 3.49 (0.42) - -  2.20 (0.27) 12 0.992 
1-Benzyl-tIBB 50 2.87 (0.15) --  1.60 (0.10) 16 0.997 
5-Br-PHBB 50 2.65 (0.52) -- 1,44 (0.30) 28 0.915 
5-CI-PHBB 50 1.10 (0.12) --  0.19 (0.07) 12 0.995 
5-F-PHBB 40 0.90 (0:21) - -  0.02 (0.12) 16 0.993 
None --  0.58 (0.04) 0.22 (0.02) 52 0.976 

Data in relation to Equation (1). N, number  of culture tubes; 
r, correlation coefficient; PHBB, 1-propyl-HBB. 

3 L. J. REED and H. MUENCH, Am. J. Hyg. 27, 493 (1938). 
4 D. G. O'SULLIVAN and C. 3g. LuoLow, Arch. ges. Virusforseh. 47, 

295 (1973). 
5 R. R. A. COOMBS, M. R. DANIEL, B. W. GURNER and A. KELUS, 

Nature, Lond. 789, 503 (1961). 
W. H. PRUSOFF, Pharmac. Rev. 79, 216 (1967). 

7 F. W. SHEFFIELD, D. J. BAUER and S. M. STEPHENSON, Brit. J. 
exp. Pa th .  47,638 (1960). 

s D. G. O'SULLIVAN, P. W.  SADLER and L. RICE, Proceedings of 
the Third International Congress of Chemotherapy (Georg Thieme, 
Stut tgar t  1964), p. 879. 
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compound,  respect ively,  in infected med ium to the  cells, 
incubat ing,  and subsequen t ly  pour ing away  the  med i u m 
and replacing wi th  fresh medium,  conta in ing  the  appro-  
pr ia te  compound ,  every  24 h. The effect  of replacing the  
m e d i u m  was to  delay onset  of CPE in all 3 sets of tubes  
f rom day  2 onwards.  However ,  th is  effect  was  grea ter  for 
I U d R - c o n t a i n i n g  tubes  t h a n  for tubes  conta in ing  the  
HBB-der iva t ive .  W i t h  dai ly rep lacement  of act ive 
compounds ,  there  was l i t t le overall  difference in p ro tec t ive  
ac t iv i ty  be tween  5 -b romo- l -p ropy l -HBl3  (50 aM) and  
I U d R  (50 ~xM). However ,  the  tox ic i ty  of I U d R  for cells is 
much  less t h a n  t h a t  of the  benzimidazole  dr ivat ive ,  
a l though,  of course, its long- te rm effect  on cells in 
general  m i g h t  be suspect .  

The observed cell p ro tec t ive  effects of the  1-butyl-,  
1-phenyl-,  1-benzyl-, and 5 -b romo- l -p ropy i -de r iva t ives  of 

H B B  suggest  t h a t  fu r ther  inves t iga t ion  of the  act ivi t ies  
of l ipophil ic benzimidazole  der ivat ives  agains t  D N A  
viruses is desirable,  par t icu lar ly  in re la t ion to the  de- 
pendence  of ac t iv i ty  on the  specific cell culture employed.  

Zusammenlassung. 5-Bromo- l -propyl - ,  1-]3enzyl-, 1- 
Phenyl -  und  1-Butyl -2- (e-oxy-benzyl -benzimidazol  hem-  
men  die cy topa th i sche  Wirkung  (HeLa Zelle) yon Vacci- 
nia-Virus.  

D. G. O'SULLIVAN, CAROLYN M. LUDLOW 
and V. C. DOROMAL 

Courtauld Institute o[ Biochemistry, Middlesex 
Hospital Medical School, London, W 1 P  5 P R  (England), 
16 May 1974. 

O x i d a t i o n  and E x c r e t i o n  of D-Lact i c  Acid  by Rats  

The role of L( +) lac t i c  acid as the  'physiological  i somer '  
in an imal  lac ta te  me tabo l i sm is since long establ ished.  
As the  classical expe r imen t s  of CORI and  CORI 1 wi th  ra ts  
have  shown, D(-- ) lac t ic  acid is poor ly  ut i l ized and  30 to 
40% of the  dose inges ted  is excre ted  in the  urine.  These 
resul ts  were fully conf i rmed b y  more  recen t  invest iga-  
t ions  ~ using *4C-D-lactate. However ,  the  wide-spread  
occurrence of D- 2-hydroxyacid  dehydrogenase  (EC 1.1.99.6) 
in liver, k idney,  hear t ,  bra in  and spleen of the  r a t  and 
o ther  animals,  as well as reversible  ac t iva t ion  of th is  
enzyme in v i t ro  a, ind ica ted  the  need for a r e -examina t ion  
of n - lac ta te  metabol i sm.  

~ ' h e n  ra ts  of 250-300 g body  weight  (BW) were fed a 
pur i f ied die t  conta in ing  DL-lactate, only 1 -2% of the  D- 
lac ta te  inges ted  was recovered in urine (Table I). Con- 

Table I. Urinary excretion of D-lactate in rats fed a purified diet with 
5% DI.-Ca-Na-Iactate 

Measurements Days on nL-lactate diet 

1 2 

Number of animals 5 5 
D-lactateconsumed(mg/kgBW) 490 -4- 135 629 ~- 143 
D-lactate in urine (mg/kg BW) �9 7.4 -4- 1.9" 7.1 -E 0.4 
Dosis (%) 1.5 1.1 

24 h collections. 

t r a ry  to earlier exper iments ,  a specific enzymat i c  assay 
(Boehringer,  Mannheim) was used for D-lactate de te rmina -  
t ions.  The excre t ion  of such low levels on the  f i rs t  days  of 
lac ta te  feeding excluded long- te rm adap ta t ion .  In  fu r ther  
exper iments ,  ox ida t ion  and  excre t ion  of D-lactate were 
measured  by  14CO2-exhatation r a d i o m e t r y  (Exha lame te r  
Ber tho ld  & Frieseke,  Karlsruhe)  in 24 h- fas ted  ra ts  
in jec ted  wi th  14C(u)-D-lactate (Amersham) in appropr i a t e  
d i lu t ion wi th  inac t ive  D-lactate (Serva, Heidelberg) .  As 
ind ica ted  by  the  results  (Table II),  D-lactate was readi ly  
oxidized.  The s o mew h a t  h igher  excre t ion  in urine af ter  
i.p. in jec t ion  as compared  to feeding, can be a t t r i b u t e d  to 
fas ter  absorp t ion  and  to  increased diuresis due to sod ium 
surplus.  The f rac t ion of me tabo l i t e s  of D-lactate in ur ine 
was calcula ted f rom rad ioac t iv i ty  and enzymat ica l ly  
de t e rmined  D-lactate.  I n t e r m e d i a r y  i somer iza t ion  to  
L-lactate could no t  be excluded since the  me tabo l i t e s  
were no t  isolated. E n z y m a t i c  de t e rmina t i on  of L-lactate 
in urine indicated,  however ,  t h a t  th is  isomer accounted  for 
only  0.9 and  1.1% of t he  D-lactate in jec ted  in to  animals  on 
control  d ie t  and lac ta te  diet,  respect ively .  Thus, iso- 
mer iza t ion  could no t  have  occurred to  a large ex ten t .  
Surprisingly,  l ac ta te  feeding did no t  enhance  D-lactate 
ox ida t ion  bu t  t en d ed  to increase the  excret ion of D- 
lac ta te  and its me tabo l i t e s  in urine. The mechan i sms  
envolved m a y  deserve fu r the r  inves t igat ion.  

1 C. F. CoRI and G. T. CORI, J. biol. Chem. 87, 389 (1929). 
2 F. MEDZIHRADSKu and W. LAMPRECHT, Z. Lebensmitteluntersuch. 

130, 171 (1966). 
3 R. CAMMACK, Biochem. J. 775, 55 (1969). 

Table II. Oxidation and excretion of u-lactate after i.p. injection in rats fed lactate and control diets 

Measurements ~ Lactate-free diet 5% nL-Iactate diet 

Number of animals 12 12 
n-lactate injected (mg/kg BW) b 247.0 -t- 20.2 247.0 • 8.4 
% of dosis recovered within 6 h as : 
CO 2ill exspiration 84.4 ~ 1.3 81.9 ~= 2.3 
D-lactatein urine 2.9 • 1.5 4.7 • 2.7 
Metabolitesin urine 3.0 :~ 2.2 5.5 -t2 3.2 
Total 90.3 ~- 2.2 92.1 ~: 5.3 

Groups of 3 animals measured simultaneously, 7r :t: s based on n = 4. b 22 nCi 14C(u)n(-)lactie acid/rag, neutralized with NaOH i.p. 


