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Effect of T e m p e r a t u r e  on the  Act iv i ty  and Kinet ics  of  B r a i n  M e m b r a n e  B o u n d  
N e u r a m i n i d a s e  

A pecul iar  fea ture  of bra in  m e m b r a n e  bound  neuramin-  
idase is t he  abi l i ty  to act  a t  unusual ly  h igh  t e m p e r a t u r e s  1. 
Indeed  the  m a x i m u m  ra te  of the  enzymat i c  hydro lys i s  of 
gangliosides - the  p u t a t i v e  physiological  subs t r a t e s  of 
the  bound  neuramin idase  - is reached  at  70 ~ ~. Thus  we 
considered it w o r t h  inves t iga t ing  in deta i l  the  behav iour  
of bra in  m e m b r a n e  bound  neuramin idase  a t  70~ The 
subs t r a t e  used was disialoganglioside GD1 a ( N A N e 2 - 3  
G a l ~ l - 3  GalNAc/~I-4 (NANc~2-3)Galf l l -4  Glc f l l -1  Cer; 
name  according to  SVENSmRHOLM 3). 

Materials  and methods. The m e m b r a n e - b o u n d  neuram-  
inidase was p repa red  f rom the  0-105,000 •  (1 h) sedi- 
m e n t  of calf bra in  homogena t e  according to  PRETI et  al. 2. 
The p repa ra t ion  was rid of the  soluble and  lysosomal  
neuramin idases  and  was dep le ted  of endogenous  sub- 
s t ra tes  as descr ibed by  TETTAMANTI et  al.4. Ganglioside 
GD1 a was  p repa red  f rom beef  bra in  by  the  m e t h o d  of 
TETTAMANTI and ZAMBOTTI 5. The assay of b ra in  mem-  
brane  bound  neuramin idase  followed the  general  indica-  
t ions  of PRETI et  al. 2. Short ly,  the  incuba t ion  mixtures ,  
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Fig. 1. Time course of the activity of calf brain membrane bound 
neuraminidase at 70~ The assay mixtures contained 870 ~xg of 
protein and 0.2 mM disialoganglioside GDla. They were set up in an 
ice bath, then immersed in the incubating shaker, adjusted to 70~ 
and allowed to incubate. The thin line indicates the temperature 
measured inside the text tubes. The data shown are the average of 
4 experiments. 
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Fig. 2. Change of the hydrolysis rate of disialogallglioside GDla by 
calf brain membrane bound neuraminidase with increasing temper- 
ature. The assay mixtures, containing 780 Fg protein, were incubated 
at pH optimum for each temperature and for a period of time within 
the linear course of the enzyme catalyzed reaction. The data shown 
are the average of 6 experiments. 

conta ining,  in a f inal  vo lume of 0.65 ml, 0.5-1.0 mg 
enzyme (as protein) ,  0.15 M sodium ace ta te  buffer  and  
adequa te  amo u n t s  of subs t ra te ,  were set  up at  mel t ing  ice 
t empera tu re ,  t h e n  immersed  into the  incuba t ing  shaker  
(adjus ted to the  desired t empera tu re ) .  The incuba t ion  
was s topped  by  immers ing  the  tubes  in to  an ace tone  dry  
ice ba th .  Then  the  l ibera ted  N-ace ty lneuramin ic  acid was 
de t e rmined  and  the  cor responding  enzyme ac t iv i ty  
calculated as descr ibed by  TETTAMANTI et  al. 4. Tile control  
incuba t ion  mix tu res  (blanks) were pe r fo rmed  using boiled 
(15 rain) enzyme.  The t e m p e r a t u r e  inside the  incuba t ion  
mix tu res  was measured  by  an Ysi t e l e t h e r m o m e t e r  
(model 43 TC) p rov ided  wi th  a p roper  t he rmi s to r  probe.  
One uni t  of neuramin idase  is the  a m o u n t  of enzyme which 
l ibera tes  1 nmole  N-ace ty lneuramin ic  acid/rain.  The 
pro te in  co n t en t  was de t e rmined  by  the  m e t h o d  of 
LOWRY et al. 6 wi th  bovine  se rum a lbumin  as the  s t anda rd .  

Results  and discussion. The graphs  r epor ted  in Figure  
show t h a t  the  measur ing  m e t h o d  is real ly func t ion ing  
also a t  the  h igh  t e m p e r a t u r e s  (70~ The enzymat i c  
l ibera t ion  of N-ace ty lneuramin ic  acid was recorded 
immed ia t e ly  af ter  the  immers ion  of the  incuba t ion  
mix tu re  in t he  incuba t ion  bath ,  ad jus ted  to 70~ The 
hydro lys is  ra te  became  max i ma l  af ter  25-30 sec f rom 
the immersion, that is after the incubation mixture 
reached the temperature of the bath. The maximum rate 
was then maintained for approximately i0 sec (from 25 
to 35 sec after the immersion). Afterwards the reaction 
rate tended, as expected, to diminish. The change of 
hydrolysis rate of ganglioside GDI a by membrane-bound 
neuraminidase with increasing temperature is graphically 
shown in Figure 2. The specific activity shifted from 
1.5 U/rag protein at 37~ to the maximum of 24 U at' 
70~ then it slowed down probably because of the 
onset of thermal degradation phenomena. The degree of 
maintenance of the enzyme activity at 70 ~ as shown in 
Figure i, was low. It still diminished on lowering the pH 
of the incubation mixture; the loss of activity after 
standing at 70~ for 30 sec was 38% at pl{ 6.5, 40% at 
pH 5.0, 43% at pH 4.7, 75% at pH 3.5. Conversely, it 
was sigmficantly enhanced by the presence of substrate, 
ganglioside GDIa. As shown by the graphs of Figure 3, 
the enzyme activity started diminishing significantly 
later, and was thereafter maintained at a much higher 
level in the presence than in the absence of substrate. 

The protective effect of ganglioside GDIa depended 
on the concentration, which was optimum in the range 
0.1-0.2 raM. Also a non-gangliosidic substrate, like 
sialyllactose, provided a substantial effect of enzyme 
protection at high temperatures. 

The kinetics of the enzyme catalyzed hydrolysis of 
ganglioside GDIa at the various temperatures always 
followed the classical hyperbolic shape and showed the 
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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-  
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