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The resu l t s  of an e l e c t r o n - m i c r o s c o p i c  study of changes in the u l t r a s t ruc tu re  of l ep tosp i r e s  
under the influence of specif ic  and nonspecific fac tors  a re  descr ibed.  The study of many  pho-  
t omic rog raphs  showed that the outer  m e m b r a n e  of the l ep tosp i res  is a delicate s t r uc tu r e ,  
eas i ly  b roken  by var ious  p recodures .  As a resu l t ,  granules  descr ibed  as spher ica l  swel l ings ,  
pools ,  cys t - l ike  fo rmat ions ,  and spo res  a r e  formed.  Penic i l l in  not only causes  changes in the  
outer  m e m b r a n e  but also leads to the fo rmat ion  of granules  within the cytoplasm.  It is pos -  
tulated that different  fo rms  of l ep tosp i res  a re  degenera t ive ly  changed fo rms  produced by the 
act ion of speci f ic  and nonspecif ic  fac tors .  

The p rob lem of granule  fo rmat ion  in sp i roche tes  and its ro le  in the biology of these m i c r o o r g a n i s m s  
is stil l  unsolved and a m a t t e r  for  dispute. On the bas i s  of the d i scovery  of atypical  f o rms  of sp i roche te s ,  
including format ions  of granule  type,  some  inves t iga tors  cons ide r  that sp i roche tes  have a ce r t a in  l ife cycle 
of development  in which granules  a re  one of the s tages .  Others  consider  that these fo rms  a re  found p e r -  
fecfly r egu l a r ly  during the invest igat ion of ma t e r i a l  f rom patients and also a f t e r  cult ivation under unfavor-  
able conditions and a r e  degenera t ive  fo rms  of sp i roche tes .  Two types of g ranu la r  s t r u c t u r e s  have been de- 
sc r ibed  morphologica l ly  in l ep tosp i re s ,  where  they may  exis t  both inside and outside the cy top lasmic  cyl -  
inder.  A pa r t i cu l a r ly  debated question is that of the or ig in  and ro le  in the biology of l ep tosp i r e s  of ce r t a in  
s t ruc tu re s  located outside the body of the l ep tosp i re  and descr ibed  as "swel l ings ,"  " sphe re s , "  "granules , "  
"cys t - l ike  fo rmat ions , "  and " s p o r e s "  [1, 2, 4, 5]. At tempts  have been made to in te rp re t  these fo rms  as one 
s tage in the life cycle of l ep tosp i r e s  and the poss ib le  developmental  cycle of l ep tosp i res  f r o m  these  sphe res  
has actual ly been descr ibed  and a t tempts  made to obtain a viable culture of l ep tosp i res  f r o m  them [6, 7-9]. 
However ,  such exper iments  have not yet  yielded re l iab le  resu l t s .  By con t ra s t  it is s ta ted  that spher ica l  
s t ruc tu re s  may  a r i s e  under unfavorable conditions of cult ivation of l ep tosp i r e s ,  e.g. ,  in a med ium containing 
an excess  of sodium chloride [3]. The nature of the granules  located within the cy toplasmic  cyl inder  l ike -  
wise  has not been  fully explained although the chemical  nature  of some of them (a concentra t ion  of nucleo-  
pro te ins  or  po lysacchar ides)  has recen t ly  begun to be elucidated as the r e su l t  of combined e l e c t r o n - m i c r o -  
scopic  and cytochemica l  invest igat ions.  

This pape r  desc r ibes  the resu l t s  of an e l e c t r o n - m i c r o s c o p i c  study of granule  fo rmat ion  in l ep tosp i r e s  
depending on the act ion of var ious  speci f ic  and nonspecif ie fac tors  of them. 

E X P E R I M E N T A L  M E T H O D  

A 10-12 day cul ture  of Lep tosp i r a  i c t e rohaemor rhag i cae ,  s t r a i n  Sud'in, grown on dis t i l led wa te r  with 
10% rabbi t  s e r u m  at 28~ was used. The culture of l ep tosp i res  was t r ea ted  with var ious  dilutions of spec i f ic  
an t i s e rum (from 5 min  to 2 h), to the act ion of fo rmal in  vapor  for  18 h, 3% NaC1 solution (1.5 h), heating to 
56~ for  5 min,  i r rad ia t ion  with ul t rasound f r o m  30 see  to 1.5 min  at 100 mA and 1-2.5 MHz in the UZDV-2 
appara tus ,  and with sodium sa l t  of benzylpenici l l in  and nystatin. Specimens for  e lec t ron  m i c r o s c o p y  were  
p r e p a r e d  with Caulfield 's  f ixative at 4 ~ C for  48 h. All manipulat ions connected with centr i fngat ion of the 
l ep tosp i res  (3000 r p m  for  not m o r e  than 10 min) were  ca r r i ed  out only af ter  thei r  p r e l i m i n a r y  fixation. Af te r  
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Fig. 1 Fig. 2 

Fig. 1. L. i c t e rohaemor rhag icae ,  s t r a in  Sud~in. Spherical  swell ings on ends andbody o f l ep tosp i re :  
a) a f te r  t r ea tmen t  with fo rmal in  vapor  (18 h); b) a f t e r  t r ea tmen t  with hyper tonic  NaC1 (3% solution, 
1.5 h); e) a f te r  exposure  to ul trasound (2.5 MHz, 30 see).  Caulfield 's  fixing solution, negat ively 
s ta ined with phosphotungstic acid. 

Fig. 2. L__ i c t e rohaemor rhag icae ,  s t r a in  Sud'in. Combined act ion of heating to 56~ for  5 rain and 
speci f ic  antibodies:  a) initial s tage of fo rmat ion  of "spher ica l  swel l ings;"  b) rupture  of spher i ca l ly  
swollen end of l ep tosp i re ,  r emnants  of ou te r  m e m b r a n e  can be seen;  c) " spher ica l "  format ions  on 
end of l ep tosp i re  with cy top lasmic  cyl inder  visible inside. Fixation with Caulfieldfs solution, shad-  
ow-cas t  with chromium.  

centr i fugat ion the res idue  was washed with dist i l led 
wa te r  and applied to collodion and F o r m v a r  f i lms.  
Some s a m p l e s  were  dr ied and shadow-cas t  with chro-  
mium while others  ' were  s ta ined with 2% phosphotungstie 
acid for  30 sec.  Invest igat ions were  Carr ied out in the 
t~ M-7 and UMV-100 e lec t ron  m i c r o s c o p e s .  

E X P E  RI1ViE N T A L  R E S U L T S  

Fig. 3. L. I c t e rohaemor rhag i cae ,  s t r a i n  Sud'in. 
Format ion  of granules  inside cy toplasmic  cyl -  
Lnder- a) t r ea tmen t  with ul t rasound (2.5 Y[Hz, 
30 sec) ,  60,000• b) t r e a t m e n t  with ul trasound 
(1 ~ H z ,  30 sec)" cy toplasmic  cylinder contain- 
ing granules  can be seen,  the outer  m e m b r a n e  
is b roken  tip, 108,000~r c) single exposure  to 
penici l l in  (0.2 un [ t /m l ,  a f te r  72 h): g r a n g e s  
can be seen  inside the cytoplasm,  42,000• 

Hollow spher ica l  swell ings on the ends and body 
of the l ep tosp i res  we re  found reasonab ly  constantly 
during the e l e c t r o n - m i c r o s c o p i c  study of the u l t r a s t ruc -  
tura l  changes produced by the act ion of specif ic  immune 
antibodies,  espec ia l ly  in the midzone,  during the f i r s t  
5-10 rain of the i r  in teract ion with the cul ture of lepto-  
sP i r e s ,  by the act ion of fo rma l in  vapor ,  by t r ea tmen t  
of the cul tures of l ep tosp i r e s  with ul t rasound (Fig. 1), 
and also a f te r  a single exposure  to penicillin. After  
spraying  with chromium these s t ruc tu re s  appear  as 
e l ec t ron - t r ans lucen t  "pools" on the body and ends of 
the l ep tosp i re ,  some t imes  c lea r ly  bounded by the outer 
m e m b r a n e .  On negative staining with phosphotungstic 
acid the outer  m e m b r a n e  is c l ea r ly  vis ible ,  and only 
occas ional ly  is it absent.  The in te r io r  of the pools con- 
s [ s t s  of homogeneous osmioph[l ic  ma te r i a l .  Somet imes  
the walls of the cavi ty  a r e  col lapsed and they appear  
wrinkled. The frequent  d i scovery  of spher ica l  f o r m a -  

tions in r e sponse  to the harmful  act ion of specif ic  and nonspecif ic fac tors  sugges ts  that they a re  f o r m s  a r i s -  
ing through degenerat ive  changes in the l ep tosp l res  in connection with dis turbance of the r igid p rope r t i e s  of 
the outer  membrane .  As a r e su l t  of these changes,  the outer  m e m b r a n e  begins to swell ,  and the resul t ing  
cavi ty  becomes  filled with e l ec t ron - t r ans lucen t  hyaloplasm.  The poss ib i l i ty  of rup ture  of the outer  m e m b r a n e  
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in some places on the body with escape of the colloidal par t  of the cytoplasm outside cannot be ruled out. 
After  fixation with osmium it can be seen as an e lec t ron- t rans lucent  drop on the surface  of the leptospire.  
The absence of spherical  "hollow" s t ruc tures  in living leptospires  when examined under the dark-ground 
microscope  and their  regular  d iscovery  in a lmost  all cells on e lectron mic roscopy  [1], descr ibed in the l i t -  
e ra ture ,  indicate that cer ta in  injurious factors  ar ise  during preparat ion of specimens for e lec t ron m i c r o s -  
copy, causing the appearance of "spherical  swellings" on the body of the leptosptre.  Th~s applies in par t ic -  
ular to the prolonged eentrifugation of the leptospire  culture if not previously t reated with the fixative, at 
speeds exceeding 3000 rpm. It is also evident that not all fixatives are  physiological,  and some may give 
r i se  to changes in the vulnerable outer membrane.  All these factors  must  be taken into account when speci -  
mens are prepared  for e lect ron mic roscopy  and, in par t icular ,  in special investigations undertaken to study 
the morphological s t ruc ture  of leptospires .  

The "cys t - I ike  format ions"  or  "spores"  ar is ing on the ends of leptospires  were found par t icu lar ly  often 
af ter  a shor t  exposure of the culture of leptospires  to hypertonic sodium chloride solution or  after  heating 
for a moderate ly  shor t  time. During exposure to these factors  the process  of formation of the " cys t - l i ke '  
forms on the ends of the leptospires ,  their detachment f rom the body, and the appearance of granular  forms 
resembl ing "cysts"  and "spores"  can be followed (Fig. 2). "Spores" are  often found after  the combined ac-  
tion of the above factors  and specific immune serum.  The "cyst- l ike"  granules,  whether connected to the 
body of the leptospire  or  lying separa te ly  f rom it, are  bounded by the outer membrane ;  the cytoplasmic cyl-  
inder twisted into a spiral  l ies inside the granule. Sometimes the contents of the granule, especial ly after  
a short  r i se  of tempera ture ,  consis t  of an amorphous mass .  As a rute s t ruc tures  of this type a r i se  only at 
one end of the leptospire.  

In the study of u l t ras t ructural  changes taking place in leptospires  under the influence of antibiotics 
(penicillin, nystatin) and also as a resu l t  of exposure to ultrasound, granular  s t ruc tures  were  found inside 
the cytoplasmic cylinder (Fig. 3). The granules aris ing during br ief  exposure to ultrasound fill the cyto-  
plasmic cylinder somet imes  for a considerable distance. They are  large,  c i rcu la r  in shape, and a lmost  
equal in size to the d iameter  of the cylinder. The intracytoplasmic granules formed after a single exposure 
to various doses of penicil l in (0.1-0.6 ani t /ml)  are  ra ther  smal l  and a re  situated in various par ts  of the 
cytoplasm. The ability to form intracytoplasmic granules pers i s t s  in leptospires  during success ive  passages  
on nutrient media not containing penicillin. Whereas the mechanism of granule formation during exposure 
to ultrasound can be exaplained by the appearance of cavities inside the cytoplasm as a resul t  of which it 
becomes separa ted  into granules ,  the mechanism of granule formation during exposure to penicillin and 
nystatin has not yet been exaplained. Further  r e s e a r c h  is necessa ry  to shed light on their chemical  nature 
and to explain the ability of the organisms to form granules during passage on media without penicillin. 

The e lec t ron-mic roscop ic  study of u l t ras t ructural  changes in Ieptospires  under the influence of spe-  
cific and nonspecific factors  thus showed that the outer membrane  is easi ly broken with the format ion of 
various types of granules ,  both connected with the body of the leptospire and lying separately .  Some anti-  
biotics,  notably penicillin, not only have an injurious action on the outer membrane ,  but also lead to granule 
formation within the cytoplasmic cylinder. Ability to form granules pers i s t s  in some leptospires  evenaf te r  
consecutive passages  on nutrient media without penicillin. 

The wr i te rs  consider  that the appearance of atypical forms of spi rochetes ,  including s t ruc tures  of 
granule type, may be the resu l t  of their  exposure while in the patient 's  body to both specific antibodies and 
antibiotics, especial ly penicillin, which is used par t icu lar ly  for the t reatment  of syphilis and leptospiros is .  
This explains the fact that atypical forms of spirochetes ,  including formations of the granular  type, are  r eg -  
ular ly found in mater ia l  taken f rom patients for testing. During cultivation of leptospires various degener-  
ative forms may also ar ise  on account of changes in the pH of the medium, an increased concentrat ion of 
salts ,  and changes in the tempera ture  of cultivation. Recent investigations aimed at obtaining cultures of 
leptospires f rom granular  formations [7] are  not convincing for the methods used to ver i fy  the format ion of 
granular  forms (microscopy) are not sufficiently sensit ive: Microscopic examination of one or  two drops 
of mater ia l  does not provide rel iable evidence of the absence of morphological ly  unchanged leptospires  in 
the whole of the mater ia l .  
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