
Ada virol. 35:  557-565, 1991 

ISOLATION A N D  PARTIAL CHARACTERIZATION OF THE M r  100 
kD PROTEIN FROM RICKETTSIA PROWAZEKII STRAINS OF 

DIFFERENT VIRULENCE 

A .  V .  RODIONOV, M. E. EREMEEVA*, N. M. B A L A Y E V A  

*N. F. Gamaleya Institute o f  Epidemiology and Microbiology, U.S.S.R. Academy of  Medical 
Sciences, 123098 Moscow, U.S.S.R. 

Received April 4, 1991 

Summary. - T h e  major  M r  100 kD protein (protein I) f rom the stan­
dard  virulent  R. prowazekii strain Breinl, f r o m  t h e  nonvirulent  
strain E a n d  its vi rulent  revertant  EVir  were  isolated by chromato­
graphy a n d  characterized. Purif ied protein  I f r o m  t h e  th ree  strains 
o f  d i f ferent  virulence a n d  origin had  t h e  s ame  physico-chemical  
a n d  antigenic properties,  protected guinea  pigs against infection 
with t h e  virulent  strain Breinl and  induced t h e  product ion of  anti­
bodies,  which neutral ized t h e  toxic and  haemolytic activities of  R. 
prowazekii. T h e  a m i n o  acid composit ion o f  protein I as de termined 
f o r  t h e  t h r e e  above men t ioned  strains was. similar. Modif ied resi­
d u e s  of  Lys, A s n ,  a n d / o r  G i n  were  f o u n d  in protein I. Protein I f r o m  
virulent  strains Breinl a n d  EVir  differed f r o m  tha t  of  nonpathogenic  
strain E by t h e  quant i ty  o f  N £ - M e - L y s  a n d  N ' - M e j - L y s ,  b u t  all had  
t h e  s a m e  total  a m o u n t  of  Lys and  its derivatives. I t  may  b e  
suggested t ha t  a difference may  exist in t h e  processing of  t h e  
prote in  I of  nonpathogenic  strain E and  of virulent  strains of  R. 
prowazekii. 
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Introduction 

Rickettsia prowazekii, t h e  causative agent  of typhus  fever,  is an  obligatory 
intracellular parazite. T h e  na tu re  o f  its pathogenicity is n o t  unders tood.  W e  
a t tempted  t o  solve th i s  problem by analysing t h e  main  rickettsia surface anti­
gens ,  which participate in t h e  interaction with t h e  eukaryotic cells. T h e  
M = 100-120 k D  protein (protein I) of  R. prowazekii is believed t o  represent  t h e  
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main surface antigen and protective immunogen (Weiss  et al., 1987). T h e  
present investigation was devoted to isolation and characterization of protein I 
f rom a standard virulent strain Breinl, nonvirulent strain E and its virulent 
revertant strain EVir. 

Materials and Methods 

R. prowazekii strains E, EVir, Breinl were used. T h e  passaging schedule of these strains is indi­
cated in Tab le  1. R. prowazekii were  cultivated in chick embryo  (CE) yolk sacs and  purified f r o m  
t h e  host  cell componen t s  using Verografin (SPOFA,  Č.S.F.R.) density gradient centrifugation 
(Aniskovich  et al., 1989). Polyspecific rabbit sera were obtained against each of the three strains as  
described above. T o  obtain a monospecific protein I antiserum, a band of protein I was  cut from 
the polyacrylamide gel (PAG) following electrophoresis of  R. prowazekii cells and homogenized 
in 0.05 mol/1 phosphate buf fer  (pH 7.5). A rabbit was  immunized subcutaneously with 10, 100, 
200, and 400 / ig  protein I on days 1,14, 28, and 56, respectively. A f t e r  bleeding on the day 70 the 
serum ELISA titre was  1:50 000. 

T h e  protein was determined according to Lowry  et at., (1951). PAGE was  performed as desc­
ribed by Laemmli  (1970). T h e  gel was stained with Coomassie  R-250 o r  silver reagent („Bio-Rad", 
U.S.A.). T o  identify t h e  lipopolysaccharide componen t s  (LPS) the  gel was treated with sodium 
periodate.  T h e  used modification o f  western immunoblot t ing  was described earlier (Eremeeva  et 
al.. 1989). 

Protein / purification consisted of Tr is -soluble  antigen isolation according t o  Dasch (1981), 
precipitation of protein fraction with a m m o n i u m  sulphate,  combinat ion of gel filtration, and  ion 
exchange chromatography o n  FPLS system (Pharmacia-LKB).  T h e  separated componen t s  were 
tested by t h e  ELISA-me thod  with monoclonal  antibodies against protein I (Drobyshevskaya  et 
at., 1990). T h e  amino  acid composi t ion was determined o n  an  amino  acid analyzer L C  5001 
„Biotronic" as  previously described (Rodionov,  1988). 

Fig. 1 
Gel  chromatography o fTr i s - so lub le  anti­
gens  f rom  R. prowazekii o n  Superose  
12TM HR 10/30 co lumn using 50 m m o l / l  
sodium phosphate  buffer  (pH 7.5), contai­

ning 0.15 mol / l  NaCI 
Flow rate - 0.5 m l / m i n .  V„ and V! - f ree  
and full co lumn,  respectively. A and  b -
peaks contained the  protein I. 



PROTEIN I FROM RICKETTSIA PROWAZEKH 559 

Protective activity of the purified proteins was  tested in guinea pigs. Animals  were immunized 
subcutaneously with 10 ̂ g  (1:1 with incomplete Freund's adjuvant  „Difco", U.S.A) and subse­
quent ly with 2 j i g  of  t h e  protein wi thout  adjuvant  within the  90 days interval. O n  days 21 and  45 
following t h e  second immunizat ion t h e  guinea pigs were infected i.p. with 10 ID 5 0  suspension of 
R. prowazekii strain Breinl. T h e  rickettsial toxin and haemolysin neutralization tests were 
performed as described (Balayeva and  Zubok ,  1963). 

Results and Discussion 

W e  f o u n d  previously tha t  t h e  Tr is -soluble  fractions of  R. prowazekii 
contained several o the r  proteins  and  nucleic acids in addition t o  protein I 
(Eremeeva  et al., 1989). T o  isolate t h e  protein I w e  separated th is  protein f r o m  
nucleic acids by precipitation with a m m o n i u m  sulphate  a t  55 % saturation.  T h e  
protein fraction was subjected t o  gel filtration o n  Superose 12TM co lumn af ter  
dialysis against 0.05 mol/1 sod ium phosphate  buf fe r  ( p H  7.5), containing 0.15 
mol/1 NaCl  (Fig. 1). T h e  chromatographic pat terns  of each of  t h e  t h r e e  strains 
were  similar and  revealed two main  peaks designated  a and  b. T h e y  contained 

Fig. 2 
Purification of protein I fractions,  isolated by gel chromatography o n  M o n o  Q T M  H R  5/5  

co lumn.  Linear NaCl gradient in 20 mmol / l  bis—Tris (pH 6.0) 
T h e  NaCl concentrat ion gradient is shown by a dot ted line. Flow rate - 0.5 ml /min .  
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the components which reacted in ELISA with monoclonal antibodies against 
protein I. T h e  SDS-PAGE patterns of  peak a revealed a 30 kD polypeptide 
band after Coomassie blue staining and LPS-components after silver staining. 
T h e  peak b contained mainly protein I. T h e  fraction b was further  purified by 
ion exchange chromatography on Mono Q column in a linear NaCl gradient. 
T h e  purified protein I was eluted with 0.15 mol/1 NaCl (Fig. 2). 

T h e  eluted protein I from the strains E, EVir, Breinl was chromatographi-
cally and electrophoretically homogenous (Fig. 3 and Fig. 4) and did not 
contain traces of  LPS. T h e  purified protein from the strains E, EVir, Breinl had 

Fig. 3 
Determination of the purity the isolated 
protein I sample from the strain Breinl by 
chromatofocusing on Mono P TM HR 
5/20 column 25 mmol/l piperazine-HCI 
(pH 7.5) used as starting hufTer and poly-

hulTer 74 (pH 4.0) as clution buffer  
Flow rate - 0.5 ml/min. T h e  chromato-
grams of the isolated protein I samples 
prepared from strains E and EVir were 
identical. 
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7,5°/o 

Fig. 4 
N a t i v e - P A G E  of protein I f r o m  strains 
Breinl, E ,  EVir  in a linear gradient  of  

7.5 % t o  20 % m o n o m e r s  

20% 
L -

L U  S 

EVir 

Fig. 5 
Ultraviolet absorption spectrum of 
protein I measured  o n  a Unicam SP.800 

(„Beckman") spect rophotometer  
R. prowazekii strain Breinl protein - 1.02 
m g / m l ,  E protein - 1.14 m g / m l ,  EVir 
protein - 1.35 m g / m l .  
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Fig. 6 
SDS-PAGE analysis of protein I strains 
Breinl, E, EVir in a linear gradient of 

7.5 % to 20 % monomers 
Samples were solubilizcd in 2 %SDS for 2 
hr. 

the s a m e  M r =100 kD, pl=4.22, a very special absorption spectrum and identical 
patterns in nat ive-  and S D S - P A G E  (Figs. 4, 5,6).  Several SDS-PAGE compo­
n e n t s  M r  14-100 k D  were  f o u n d  a f t e r  hea t ing  each o f  t h e  t h r e e  prote in  I 
s amples  at 95 ° C  f o r  2 hr .  T h e i r  f ind ing  did n o t  d e p e n d  o n  t h e  addi t ion of  
pro tease  inhibi tor  P M S F .  T h e  prote in  samples  incuba ted  a t  r o o m  t empe ra t u r e  
con ta ined  only  a s ingle 100 k D  c o m p o n e n t  (Fig. 6). T h e r e f o r e ,  w e  believe t ha t  
prote in  I has  a s u b u n i t  compos i t ion .  A t  t h e  s a m e  t i m e  it can b e  also supposed  
t ha t  t h e  appearance  of  low molecu la r  c o m p o n e n t s  a f t e r  p ro te in  I hea t ing  is t h e  
resul t  of  t h e  cleavage of  A s p - P r o - b o n d s  (R i t t enhouse  a n d  Marcus ,  1984). 

T h e  isolated p ro te ins  also re ta ined t h e  similar  ant igenici ty a n d  i m m u n o g e n i -
city, a s  d e m o n s t r a t e d  in i m m u n o b l o t t i n g  crossreact ions  with strainspecific 
s e r u m  a n d  wi th  monoc lona l  an t ibody  against  prote in  I f r o m  t h e  strain Breinl.  
T h e  la t ter  fact indicated t ha t  t h r e e  p ro te ins  f r o m  t h e  s t ra ins  with d i f fe ren t  viru­
lence  a n d  origin conta in  at least a s ingle c o m m o n  epi tope .  

T h e  m a i n  prote in  I f r o m  stra ins  E ,  EVir ,  Breinl was es tabl ished t o  possess  
t h e  protect ive activity re ta ined  a f t e r  purif icat ion,  whi le  express ing  t h e  similar  
phys ico-chemica l  and  immunologica l  proper t ies .  T h e  twofold  immuniza t ion  
with each  o f  t h e  pur i f ied pro te ins  pro tec ted  t h e  gu i nea  pigs against  infec t ion 
with I01 ID5ii o f  t h e  vi rulent  strain Breinl cell suspens ion .  In  addi t ion,  t h e  
monospec i f i c  sera  against  t h e  purif ied prote in  I con ta ined  an t ibodies  which  
neutra l ized  in vitro 3x l0 7  metabolically active cells o f  R. prowazekii a s  calcu­
lated by m e t h o d  of  Walke r  and  Wink le r  (1979), and  2LD S ( ) of tox ic  R. prowazekii 
suspens ion  o f  each of  t h e  t h r e e  s trains.  

T h e  identi ty of  t h e  proper t ies  o f  t h e  prote in  I f r o m  t h e  s t ra ins  with d i f fe ren t  
v i ru lence  a n d  origin suggests  t h e  similarity in the i r  s t ruc turé.  This  suggest ion 
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Table  1. T h e  Rickettsia prowazekii strains 

563 

Biological characteristics 

Strain Passage history CE white mice guinea pigs days of CF 
IDso/ml ID50/1T1I ID5o/ml fever titre* 

Breinl Isolated by Wolbach  et al. (1922) 10 9 , 5  io 9- 5  I O 9 5  10- 4 10.7 1:533 
Passaged in guinea pigs, CE, lice 10- 5 8.7 1:426 
(passage history unknown)+6 pass­ 10- 6 9.0 1:480 
ages  in C E + 5  passages in l i ce+  10- 7 8.0 1:373 
6 passages in C E  10- 8 7.3 1:320 

10- 9 1.7 1:120 

E Isolated by Clavero  and  Perez-  107 9 102 106 5 10-.2 3.5 1:40 
Ga l l a rdo  (1944) a s  a s p o n t a n e o u s  io4-1 10-.3 3.0 1:10 
m u t a n t  o f  t h e  vi rulent  s train M a d ­ 10-.4 2.3 1:10 
rid  I. Ob ta ined  f r o m  Prof .  W i s s e m a n  10-.5 2.3 1:10 
(U.S.A.)  in 1969; u n d e r w e n t  270 passages 10-.6 1.7 1:10 
in C E  + 8  passages in C E + 1  passage in 10-.7 0 0 
t i ssue  cu l tu re  + 2 - 5  passages in C E .  

EVir  Prepara ted  b y  13 passages in wh i t e  108 ,75  108-5 io8-4  10--4 10.6 1:530 
mice  lungs  f r o m  strain E (ob ta ined  10-_5 14.0 1:373 
f r o m  t h e  U.S .A.  in 1969) by Balayeva 10-_6 9.3 1:266 
(1971). 10 _7 6.5 1:160 

10 -8 11.0 1:480 
10 _9 10.0 1:320 

* by m i c r o - C F - t e s t  

was conf i rmed by a m i n o  acid analysis of  t h e  proteins  (Table 2). T h e  a m o u n t  of  
t h e  c o m m o n  protein a m i n o  acid residues was practically identical. T h e  resi­
d u e s  o f  N £ - M e - L y s ,  N £ -Me 3 -Lys  and  modif ied  residues of  A s n  a n d / o r  G i n  
were  f o u n d  in protein I. T h e  peculiarity of  t h e  nonpathogenic  strain E protein I 
was t ha t  it did n o t  have N £ -Me 3 -Lys  residues and  had  larger quanti t ies  of  
N £ -Me 3 - l y s  residues as  compared with t h e  proteins f r o m  Breinl and  EVir  
strains. However ,  t h e  c o m m o n  a m o u n t  of  Lys and  its derivatives was t h e  same  
in prote ins  I f r o m  t h e  strains with different  virulence.  W e  believe tha t  t h e  
precursor proteins  a n d  the i r  genes  are similar in all t h ree  strains regardless of  
the i r  virulence and  genet ic  origin, b u t  t he re  is a difference in t h e  processing of  
t h e  proteins of  virulent  strain Breinl and  EVir o n  o n e  hand  and  t h e  nonpatho­
genic strain E o n  t h e  o the r  hand .  T h e  relationship of  this  difference t o  biolo­
gical propert ies of  R. prowazekii will b e  t h e  subject  of  o u r  fu r the r  investigation. 
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T a b l e  2. A m i n o  acid composit ion of  protein I f r o m  R. prowazekii 

A m i n o  
r e s i d u e  

Relat ive  content,  M / M  H i s  

strain Breini strain E strain E V i r  

A s x  
T h r  
S e r  
G l x  
Pro 
Gly 
A l a  
V a l  
Met  
l i e  
L e u  
T y r  
Phe  
N ' - M e 3 - L y s *  
L y s  
N ' - M e - L y s *  
His  
A r g  

O t h e r  nynhidr inpos i t ive  
c o m p o u n d s  

A m m o n i a  
M e t h y l a m i n e  

19.38±0.47 
11.46±0.54 
6 .46±0 .36  
6 .77±0 .35  
2 .54±0 .27  

12.19±0.91 
10.47±0.5i  
5 .85±0.23  
0 .60±0 .03  
7 .47±0.32  
8 .39±0 .46  
1.2 i ± 0 . 0 5  
4.1 i ± 0 . 1 5  
1.18±0.11 
0 .89±0 .10  
1.23±0.10 

1.0 

0 .95±0 .04  

8 .54±0.47  
1.44±0.09 

19.52±0.85 
11.85±0.53 
6 .58±0 .28  
6 .85±0 .28  
2 .55±0.31  

12.50±0.82 
10.65±0.36 
6.10±0.26 
0.61±0.02 
7 .72±0 .18  
8 .59±0 .30  
1.32±0.03 
4 .19±0.05  

0 

1.11±0.11 
2 .69±0 .25  

1.0 

0 .94±0 .04  

9 .22±0 .40  
1.39±0.03 

19.50±0.62 
12.20±0.36 

6 .51±0.31  
6 .76±0.33  
2 .63±0.28  

21 .75±0.96  
10.68±0.42 
6 .06±0 .29  
0 .62±0.03  
7 .75±0.25  
8 .49±0.35  
1.32+0.04 
4 .22±0 .09  
1 .21±0.04 
1 . 1 8 ± 0 . 1 2  

0 .91±0 .06  
1.0 

0.96±0.03  

8 .83±0.38  
1 .31±0.05 

* d e t e r m i n e d  by R o d i o n o v  (1990).  
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