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Fig. 1. The level of chlortetraeycline-indueed resistance to tetra- 
eyetines of faecal coliforms of conventional piglets before and after 
600 r (~ LD60/a 0) of total-body X-irradiation in days. 
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Fig. 2. The level of chlortetracycline-induced resistance to tetra- 
cyclines of faecal coliforms of 3 conventional piglets after 600 r 
total-body X-irradiation in hours. 

and afterwards 48 and 72 h, and 8, 10, 14 and 17 days 
after exposure (Figures 1 and 2). 

During the whole period before irradiation until  12 h 
after irradiation the resistance was practically equal to 
100%. The first signs of post-irradiation resistance de- 
pression were detected in 2 piglets 15 h and in the third 
piglet 21 h after exposure. The mean values of resistance 
in days and hours are given in the Figures. 

After irradiation, a latent  period of 12-15 h ensues, 
after which the resistance decreases, reaching the lowest 
level about  48 h after exposure. (In our previous experi- 
ments 1 the 48-h-interval was omitted, and the minimum 
seemed to be in the 24th h following irradiation.) After 
an interval of 72 h the first signs of gradual rise again can 
be detected. The resistance reaches its normal on about  
the 17th day (according to previous experiments, on the 
20th day). 

I t  can be concluded that  the onset of the post-irradia- 
tion depression of CTC-induced resistance of coliform 
faecal organisms begins about 15 h after exposure, the 
resistance reaches the minimal level 24-48 h afterwards 
and returns to the original level about 17-20 days post- 
irradiation. 

If we take into account tha t  one generation of coliform 
microbes takes 18-30 rain, the number of 30-50 genera- 
tions alternates in the host from the 'hi t '  of irradiation to 
the moment  when its first effects on intestinal bacteria 

appear. However, this 'h i t '  is long enough, taking 50 min 
for each animal. I t  signifies tha t  the supposed genetic 
information, resulting in the 'mass'  effect of resistance 
depression, should be conserved in and t ransmit ted by 
30-50 generations. The other 66-110 generations succeed 
till the phenomenon of resistance depression reaches its 
maximum, i.e. manifests itself in 60% of individuals of 
the coliform population (see the fall of resistance from 
100 to 40%). 

Nevertheless, i t  must  be mentioned tha t  the method 
used, revealing the properties of coliform component  in 
total  (about 2.5 × 107 individuals/g of rectal content), 
does not  allow the study of the latent  phase of these  
changes, nor does it evaluate the degree of resistance 
quanti tat ively.  

Rdsumd. Chez des porcelets to ta lement  irradi6s par une 
dose de ---~ LD60/s 0 de rayons X, la r4sistance de la micro- 
flore choliforme f4cale provoqu4e par de faibles doses de 
chlort6tracycline commence ~ c4der 15 h apr~s l 'exposi- 
tion. 

I. Kvr+srgR 
and P. OXOUPAL 

Military Veterinary Research Institute, Praha 5 
(Czechoslovakia), 5 January 1968. 

D i s s o c i a t i o n  of U r e a s e  in Ace ta te  Buffer  of  pH 3.5 

A molecular weight of 483,000 was calculated for urease 
in phosphate buffer of pH 7 from its sedimentation and 
diffusion coefficients (s o 18.6 S; D 3.46 × 10-7; V 0.730),; 
recently, this value has been at least approximately con- 
firmed by equilibrium ultracentrifugation measurements, 
despite problems caused by polydispersivity *. This com- 
munication reports that  on t rea tment  with 0.1M acetate 
of p H  3.5 urease dissociates within 1 h or less to a weight 
of 240,000 and tha t  this dissociated product is enzymatic- 
ally active; its act ivi ty in pH  3.5-acetate is 40% as great 
as tha t  in 0.34M phosphate of pH 73. The acetate medium 
causes irreversible denaturation, but  at  a rate much 
slower than that  of dissociation. A preliminary report of 
this work has been presented 4. 

Urease was isolated as described by MAralVA and GORIN 5 
(no mercaptoethanol employed) and recrystallized 3 

w i t h  R e t e n t i o n  of the  E n z y m a t i c  Ac t iv i ty  

times. The preparations had specific activities of 1600 to 
1850 U~aS/mg (equivalent to 145-171 SUMr+Er~ units) s,*. 
Figures 1 (a) and 1 (b) contrast  the sedimentation velocity 
of urease tha t  was dissolved, respectively, in 0.02M 
phosphate of pH 7 and in 0 .1M acetate of pH  3.5 (note 

* j ,  B. SUMNER. N. GRAL~N and I. B. ERIKSSONo~UENSEL, J. biol. 
Chem. 125, 37 (1938). 
F. J. REITnEL and J. E. RoBmNS, Archs Biochem. Biophys. 720, 
158 (1967). 

s G. GORXN and C. C. CIIIN, Anal. ]Siochem. 77, 49 (1966). 
4 G. GORIN and C. C. C]IIN, Fedn Proe. Fedn Am. Socs exp. Biol. 26, 
605 (1967). 

5 G. MAMIYA and G. GORIN, Biochim. biophys. Aeta 105, 382 (1965). 
8 C. C. CHIN and G. GORIN, Anal. Biochem. 17, 60 (1966). 
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(a) 18.4 S, 27.5 S (b) 9.8 S (e) 11.3 S, 18.2 S (d) 4.5 S, 8.5 S 

Fig. 1. Sedimentation patterns of urease solutions, (a, b, d) ca. 5 mglml. All pictures taken at 59,780rpm, 20 min after attaining speed, 
with 75 ° schlieren angle: {a) in 0.02M phosphate, pH 7; (b) in 0.1M acetate, pH 3.5, 1 h after preparation of solution; (c) aliquot of (b) 
readjusted to 7; (d) in O . 1 M  acetate, pH 3.1, 1 h after preparation of solution. 

t h a t  p H  a n d  c o n c e n t r a t i o n s  m u s t  be  con t ro l l ed  closely;  
t h e  so lu t ion  was  p r e p a r e d  b y  d isso lv ing  u rease  in t r ip ly -  
d is t i l led  w a t e r  a n d  m i x i n g  i t  w i t h  a n  e q u a l  v o l u m e  of 
bu f f e r  cons i s t ing  of 53.3 m l  0 . 0 2 M  ace t ic  ac id  + 3.7 m l  
0 . 0 2 M  s o d i u m  ace ta te ) .  P a t t e r n  1 (a) d id  n o t  c h a n g e  
a p p r e c i a b l y  ove r  a 24-h per iod.  P a t t e r n  1 (b) was  de te r -  
m i n e d  a t  1 h a f t e r  m i x i n g ;  s u b s e q u e n t  d e t e r m i n a t i o n s  a t  
i n t e r v a l s  ove r  a 48-h  pe r iod  showed  no  q u a l i t a t i v e  change ,  
b u t  t h e  s -va lue  decreased  s lowly to  8.0 S. 

Urease  is c a t a l y t i c a l l y  a c t i v e  a t  p H  3.5. To d e t e r m i n e  
t h e  ac t iv i ty ,  t h e  e n z y m e  so lu t ion  was  d i l u t ed  some 200- 
fold w i t h  buffer ,  1 m l  a l i q u o t  was  m i x e d  w i t h  1 m l  of 3 %  
u r e a  in buffer ,  t h e  r eac t i on  was  s t o p p e d  a f t e r  2 m i n  w i t h  
1 m l  of 1 M  H , S O , ,  a n d  t h e  N H  8 was d e t e r m i n e d  w i t h  
Ness le r ' s  r eagen t .  Assays  were  also c o n d u c t e d  in SUMNER'S 
s u b s t r a t e  of p H  7 e, w i t h  a 2-min  r eac t i on  per iod.  No 
e t h y l e n e d i n i t r i l o t e t r a a c e t a t e  was  a d d e d  to  t h e  buf fe r s  3,6 
because  i t  i n h i b i t s  t h e  r eac t i on  a t  p H  3.5; assays  were 
c o n d u c t e d  i m m e d i a t e l y  a f t e r  d i lu t ion .  I n  pH-7  p h o s p h a t e ,  
t h e  a c t i v i t y  r e m a i n e d  essen t i a l ly  u n c h a n g e d  for  a t  l eas t  
24 h ( <  5 %  decrease) .  I f  a so lu t ion  of e n z y m e  was  m a d e  
up  in pH-3 .5  buf fe r  a n d  a s sayed  a t  p H  7 w i t h i n  10 m i n  
t h e  a c t i v i t y  f o u n d  was t h e  s a m e  as for  u rease  t h a t  h a d  
been  d isso lved  a t  p H  7. T h e  a c t i v i t y  in  pH-3 .5  a c e t a t e  
i m m e d i a t e l y  a f t e r  p r e p a r a t i o n  of t h e  so lu t ion  was  40%  
of t h a t  e x h i b i t e d  a t  p H  7. W i t h  t ime,  t h e  a c t i v i t y  of t h e  
e n z y m e  in  pH-3 .5  b u f f e r  dec reased  as  s h o w n  in  F i g u r e  2; 
t h e  s a m e  degree  of i n a c t i v a t i o n  was  f o u n d  b y  a s say ing  
a t  p H  7 a n d  a t  3.5. A l t h o u g h  some  v a r i a t i o n  in  r a t e  was  
o b s e r v e d  in d i f fe ren t  e x p e r i m e n t s ,  especia l ly  a f t e r  8 -24  h, 
t h e  a c t i v i t y  a f t e r  i h was  n e v e r  less t h a n  70% of t h e  
in i t ia l  va lue ;  i.e., t h e  species h a v i n g  a n  s -va lue  of 9.8 
r e t a i n e d  a large  p r o p o r t i o n  of t h e  in i t ia l  ac t iv i ty .  

I n  o rde r  to  e s t i m a t e  i t s  weight ,  i t  is necessa ry  to  
a s c e r t a i n  w h e t h e r  a c h a n g e  in  f r i c t iona l  r a t i o  h a d  t a k e n  
place.  Th i s  m a y  be  assessed f r o m  t h e  c h a n g e  in specif ic  
viscosi ty ,  also s h o w n  in  F i g u r e  2. I t  c a n  be  seen,  f i r s t  of 
all, t h a t  t h e  in i t ia l  va lue  is qu i t e  c o m p a r a b l e  to  t h a t  of 
o t h e r  g lobular ,  s y m m e t r i c a l  p r o t e i n s ;  t h i s  i nd ica t e s  t h a t  
n a t i v e  u rease  ha s  a compac t ,  n e a r l y  spher ica l  s t ruc tu re .  
Over  a pe r iod  of hours ,  t h e  v i scos i ty  increases  s u b s t a n t i -  
a l ly  a n d  a p p a r e n t l y  reaches  a l imi t ing  v a l u e ;  t h i s  m a y  
r e a s o n a b l y  b e  asc r ibed  to  d i s r u p t i o n  of t h e  n a t i v e  
s t r u c t u r e  to  give a more  a s y m m e t r i c ,  less c o m p a c t  
p roduc t .  I n  1 h, however ,  t h e  inc rease  in  v i scos i ty  is on ly  
some 20% of t h e  t o t a l  change ,  a n d  m o s t  of i t  m u s t  be  du e  
to  t h e  f o r m a t i o n  of d e n a t u r e d  enzyme.  I t  follows t h a t  t h e  
r e m a i n d e r  of t h e  m a t e r i a l  m u s t  h a v e  a f r i c t iona l  r a t i o  n e a r  
t h a t  of n a t i v e  urease.  I f  t h e r e  h a d  been  no  c h a n g e  in 
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Fig. 2. Properties of urease solution, 5 mg/ml,  in 0 .1M acetate, 
pH 3.5, at 25 °. Left ordinate, circles: % activity remaining; empty  
circles, assayed in SI3MSER'S substrate;  full circles, assayed in pH 3.5. 
Right ordinate, triangles: specific viscosity. 

f r i c t iona l  ra t io ,  t h e  fol lowing r e l a t i on  would  ho ld :  
M I / M  2 = (s~[s,)2/3;  t h i s  gives M = 190,000, wh ich  does 
n o t  c o r r e s p o n d  to  a n  even  sp l i t t i ng  of t h e  480,000-uni t .  
Howeve r ,  one  wou ld  e x p e c t  t h e  a f o r e m e n t i o n e d  resu l t  t o  
b e  low, for  t h e  fo l lowing r easons :  (1) t h e  s -va lue  p r e s u m -  
a b l y  refers  to  a m i x t u r e  of ac t ive  a n d  d e n a t u r e d  ma te r i a l ,  
t h a t  is n o t  resolved  in to  s epa ra t e  peaks  in t h e  c o n d i t i o n s ;  
(2) t h e  s -va lue  is for a f in i te  c o n c e n t r a t i o n ,  a n d  s o would  
l ikely be  s o m e w h a t  h i g h e r ;  (3) t h e  f r i c t iona l  r a t io  m a y  in 
f ac t  be  s o m e w h a t  g r ea t e r  t h a n  t h a t  of u n d i s s o c i a t e d  
urease .  A l t h o u g h  we c a n n o t  m a k e  q u a n t i t a t i v e  e s t i m a t e s  
of t h e  cor rec t ions ,  we be l ieve  one  c a n  r e a s o n a b l y  deduce  
t h a t  t h e  480 ,000-un i t  is sp l i t  i n t o  ha lves .  

T r e a t m e n t  of u rease  w i t h  6 M  g u a n i d i n i u m  chlor ide  7 or  
w i t h  sod ium dodecy l  su l fa te  s causes  d issoc ia t ion  in to  sub-  
un i t s  of w e i g h t  60,000-80,000.  I t  appears ,  therefore ,  t h a t  
t h e  n a t i v e  'molecu le '  is a n  agg rega t e  of 6 -8  subun i t s .  W e  
conc lude  f rom t h e  resu l t s  desc r ibed  t h a t  in  p H  3.5 t h i s  
s t a t e  of a g g r e g a t i o n  b e c o m e s  u n s t a b l e  a n d  t h a t  t h e r e  

7 F. J. REITHEL, J. E. ROBBINS and G. GORIN, Archs Biochem. 
Biophys. 108, 409 (1964). 

e G. GORI~, G. MAMIYA and C, C. CHIN, Experientia 23, 443 (1967). 
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occurs, first, a rapid  dissociat ion into halves.  In  this  t ime, 
there  is l i t t le  loss of ac t iv i ty  and we suppose t h a t  there  
can  be l i t t le  a l te ra t ion  of the  subuni t  s t ructure .  Dis rupt ion  
of the  subuni t  s t ruc ture  does t ake  place, b u t  much  more  
slowly, as exposure  to  p H  3.5 is prolonged.  Since the  
va lue  of s decreases only  f rom 9.0-8.0 in t he  period f rom 
1-48 h, we also conclude t h a t  d is rupt ion  of t he  subuni t  
s t ruc ture  does no t  cause fur ther  dissociation.  

F igure  1 (c) shows t h a t  the  change f rom 18-9.8 S could 
be largely  reversed,  a f te r  1 h. Af te r  longer  exposure  to  
p H  3.5, the  ex ten t  of regenera t ion  of the  18-S peak  de- 
creased, wi th  a concomi tan t  increase in mater ia l  of 8-10 S ; 
e.g. in an  a l iquot  por t ion  t h a t  was ad jus ted  to p H  7 af te r  
6 h a t  p H  3.5, t he  area  of t he  18-S peak  a m o u n t e d  to  
about  1/3 of the  total .  A l though  there  is a qua l i t a t ive  
correspondence be tween  the  decrease in ac t iv i ty ,  the  in- 
crease in viscosi ty,  and the  loss of the  abi l i ty  to reaggre-  
gate, these do not  correspond quan t i t a t i ve ly  (cf. F igure  2). 
We  bel ieve this m a y  be due to  the  fact  t h a t  in the  progress 
toward  comple te  dena tu ra t ion  there  are  formed diverse  
'mixed" aggregates,  t h a t  conta in  bo th  dena tu red  and 
na t ive  subunits .  This  makes  i t  impossible to in te rpre t  the  
d a t a  in te rms  of a s imple model.  

Many  exper iments  were  done a t  o the r  concent ra t ions  
and p H  values,  t h a t  will no t  be repor ted  for lack of space. 
In  general,  t h e y  show t h a t  bo th  p H  and concen t ra t ion  
influence the  dissociat ion and dena tu ra t i on  processes. 
Some ind ica t ive  results  are (all 1 h af ter  p repara t ion  of 
the  solut ion):  (1) 0 . 1 M  acetate ,  p H  4.2, caused l i t t le  
dissociat ion;  (2) 0 .02M acetate ,  p H  3.5, induced sub- 
s tan t ia l  b u t  no t  comple te  dissociat ion to  a 10-S p roduc t ;  
(3) 0 . 1 M  ace ta te  buffer  of p H  3.1 produced  lower-s 
products ,  as exempl i f ied  in F igure  1 (d), and the  ac t iv i ty  
was lost  v e r y  quickly.  

There  h a v e  been some earl ier  repor ts  in t he  l i t e ra ture  
concerning the  existence of urease wi th  an s-value of 

8 - 1 2 ' - n ;  however ,  the  charac te r iza t ion  of the  products  
men t ioned  in these repor ts  is not  suff icient ly detai led to 
pe rmi t  a meaningfu l  compar ison  wi th  the  10-S p roduc t  
described in this communica t ion .  Very  recent ly ,  BLATTLER 
et  al. 12 have  repor ted  t h a t  urease exposed to Tris buffer  
of p H  9 and 90% 1, 2-propanediol  is dissociated into  
ha lves  and t h a t  the  ac t i v i t y  re ta ined.  I t  seems qu i te  
probable  t h a t  this  p roduc t  is closely re la ted to  t h a t  
obta ined  in the  present  work  TM. 

Riassunto. Le molecole del l 'urease  (peso molecolare  
480,000, coefficiente di sed imentaz ione  18,6 S) si d iv idono  
a metA quando  t r a t t a t e  con t a m p o n e  ace ta to ,  O,1M, 
p H  3,5. In iz ia lmente ,  l ' a t t iv i tA enz imat ica  6 40% di 
quel la  al p H  7 ( tampone  fosfato, 0 ,34M) e la dissociazione 

riversibile.  P ro lunga ta  esposizione al p H  3,5 causa  una  
len ta  denaturaz ione ,  con perd i ta  de l l ' a t t iv i tA e del l 'abi-  
litY. di r icosti tuirsi .  
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Chemistry Department, Oklahoma State University, 
Stillwater (Oklahoma, 74074 USA), 
26 February 1968. 

9 j .  M. CREETH and L. W. NICHOL, Biochem. J. 77, 230 (1960). 
to p. p. SEGHAL, R. J. TANIS and A. W. NAYLOR, Biochem. biophys. 

Res. Commun. 20, 550 (1965). 
n K. K. STEWART and L. C. CRAIG, Fedn Proc. Fedn. Am. Socs exp. 

Biol. 25, 590 (1966). 
12 D. P. BLATTLER, C. C. CONTAXIS and F. J. REITHEL, Nature 216, 

275 (1967). 
is This work was supported by grant No. GM 13,900 and by Career 

Development Award No. 5K3 GM 13,489 (to G. G.) from the 
National Institutes of Health. 

Effect on the Monoamine-Metaboltsm of the Mouse Brain by Experimental  Herpes simplex Infection 

The syndrome observed af ter  admin is t ra t ion  of the  
dopamine  precursor  L-DOPA is character ized by  exci ta-  
t ion and a p ronounced  per ipheral  sympa the t i c  tonus.  The  
dopamine  (DA) concent ra t ion  will reach v e r y  high values  
in the  corpus s t r i a tum area. Mice infected i.c. wi th  Herpes 
simplex virus  reveal  dur ing  the  course of infection i.a. 
signs of exci ta t ion,  s imilar  to  those observed af te r  admin-  
i s t ra t ion  of L-DOPA.  These s y m p t o m s  precede the more 
severe s y m p t o m s  of encephali t is ,  such as convulsions.  

Abnorma l  low concent ra t ions  of dopamine  are found in 
t he  neos t r i a tum and subs tan t i a  nigra  areas in post  m o r t e m  
exami0a t ions  of pa t ien ts  wi th  Park inson ' s  disease 1. A 
decrease in the  concent ra t ion  of 5 -hyd roxy- t ryp t amine  
(5-HT) ~ has  also been demons t ra t ed  in the  brains  of such 
pat ients .  I t  is known t h a t  Park inson ' s  disease migh t  
appear  af ter  t ime  periods of va ry ing  length  fol lowing an 
acu te  encephali t is .  Agains t  this  background  we considered 
i t  i m p o r t a n t  to s tudy  exper imenta l ly  the  possible relat ion-  
ship be tween  virus  induced encephal i t ides  and the  mono-  
amine -me tabo l i sm of the  brain.  

Swiss a lbino mice  of our  own labora to ry  breed were 
inocula ted  i.c. wi th  a mouse-bra in-adap ted  s train (St2Gbg 
10) of H. simplex virus.  A series of exper iments  were 
per fo rmed  in which the  a m o u n t  of v i rus  inocula ted  
(30-300 LDs0) was ad jus ted  to  produce  encephal i t is  bu t  

no t  to kill the  mice dur ing  the  first  5 days  a f te r  t he  
inoculat ion.  On day  5 a f te r  inoculat ion,  when  mos t  of 
the  mice showed signs of encephal i t i s  (ticks, convuls ions  
or  lethargia)  15-22 mice were selected, sacrificed by  e the r  
narcosis, and the  brains were analysed for the  con ten t s  of 
DA and homovani l l i c  acid (HVA). In  parallel ,  the  brains  
of mice inocula ted  wi th  an  isotonic NaC1 solut ion or  
brains of non- inocula ted  mice were analysed.  As in t he  
first 4 exper iments ,  no differences were observed  if non- 
inocula ted  mice or  mice g iven  the  NaC1 solut ion were 
used;  only non- inocula ted  mice were used as controls  in 
following exper iments .  

De te rmina t ions  of DA and H V A  were made  spectro-  
photof luoromet r ica l ly  according to  the  m e t h o d  descr ibed 
by CARLSSON and WALDECK 3 and t h a t  of ANDt~N et  al. 4. 

t H. EHRINGER and O. HORNYKIEWICZ, Klin. Wschr. 38, 1236 
(196o). 

2 H. BERNHEIMER, "vV. BIRKMAYER and O. HORNYKIEWICZ, Klin. 
Wsehr. 39, 1056 (1961). 

8 A. CARLSSON and B. WALDECK, Aeta physiol, scan& 54, 87 (1962). 
4 N.-E. ANDI~N, B.'E. ROOS and B. W~ammvs, Life Sci. 2, 448 

(1963). 


