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ISOLATION AND CHARACTERIZATION OF SKIN TEST 

ACTIVE COMPONENTS OF HISTOPLASMIN

CHAPTER I 

INTRODUCTION

H is top lasm os is ,  a lung d i s e a s e ,  was f i r s t  recognized 

by Darling ( 1 , 2 ) ,  and was considered  a r a r e  and f a t a l  

d i s e a s e .  In the  two decades s ince  19^5 h i s to p la sm o s i s  has 

come to be regarded as a common r a t h e r  than r a r e ,  but 

r a r e l y  f a t a l  d i s e a s e .  There i s  no evidence of i t s  being a 

communicable d i s e a s e ,  but l i k e  most o ther  mycoses, h i s t o 

plasmosis  may s im ula te  any of se v e ra l  o ther  d i s e a s e s ,  pa r 

t i c u l a r l y  t u b e r c u lo s i s .

The d isease  and i t s  e t i o l o g i c a l  a gen t ,  Histoplasma 

capsu la tum , have a t t r a c t e d  the a t t e n t i o n  of both epidemi

o l o g i s t  and mycologis t .  Emmons (3) has i s o l a t e d  H. 

capsulatum from se v e ra l  groups of f e r a l  an imals .  The fungus 

has been i s o l a t e d  from s o i l s  in  Tennessee, Ind iana ,  and 

Oklahoma by A je l lo ,  e t  a l . (*+), Ziedberg, e t  a l .  (5 ) ,  

Graystone,  e t  a l .  ( 6 ),  and Furcolow and Larsh ( 7 ) .  The same 

fungus has been i s o l a t e d  from histoplasm osis p a t i e n t s .
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The a n t ig e n  h i s to p la s m in ,  so widely  used i n  sk in  

t e s t i n g  su rveys ,  i s  the  crude a n t i g e n i c  f i l t r a t e  o f  l i q u i d  

c u l t u r e  media in  which H, capsulatum has been grown fo r  

va ry ing  pe r iods  of t ime.  I t  was f i r s t  p repared  by 

Z a r a fo n e t i s  and Lindberg ( 8 ) ,  and was made a v a i l a b l e  fo r  

l a r g e  s c a l e  surveys by C h r i s t i e  and P e te r so n  ( 9 ) ,  Emmons 

(1 0 ) ,  and Howell (1 1 ) .  A cutaneous r e a c t i o n  to  h i s to p la sm in  

could be demonstra ted  in  an i n f e c t e d  human p a t i e n t  or ex

p e r im e n ta l ly  i n f e c t e d  animal .

Numerous e p id e m io lo g is t s  have s tu d ie d  the  geographic 

d i s t r i b u t i o n  of h i s to p la s m o s i s  u t i l i z i n g  h i s to p la s m in  as the 

major t o o l  fo r  t h e i r  s u r v e y s . C h r i s t i e  and P e te r so n  ( 9 ) ,  

and Palmer (1 2 ) ,  have been su c c e s s fu l  i n  mapping a re a s  of 

h igh  inc idence  of h i s to p la s m o s i s  in  the  United S t a t e s .

Various names have been given to l o t s  o f  h i s to p la sm in  

p repared  on a l a r g e  s c a l e ,  f o r  example H-3, H-15, H-40, and 

H-l+2 which have been used by the  United S t a te s  Pub l ic  Health  

S e rv ic e .  H is top lasm in  l o t  H->+2 i s  a v a i l a b l e  now and most 

widely  used today.  However the supply  i s  l i m i t e d ,  w i l l  be 

d e p le te d  and a new p r e p a r a t i o n  w i l l  be needed.

Despite  the f a c t  t h a t  h i s to p la sm in  has been used 

e x t e n s i v e l y ,  s e v e r a l  qu es t io ns  concerning s p e c i f i c  a n t i 

g e n i c i t y  and r e l a t i v e  potency remain unanswered. The 

r e s o l u t i o n  of th ese  qu es t ion s  may r e s id e  in  improvement and 

s t a n d a r d i z a t i o n  o f  the  p r e p a r a t i o n  of  h i s to p la s m in .

P r e s e n t ly  much remains to  be unders tood concerning  the
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chemical and biochemical  a sp ec t s  of d i f f e r e n t  components 

which a re  known to  comprise the c u l tu r e  f i l t r a t e .

Active  sk in  subs tance  has been i s o l a t e d  by va r iou s  

methods. Van Pe rn is  ejt (13) p r e c i p i t a t e d  a p o ly sa c 

char ide  complex from h i s to p la sm in  with  ace tone ,  o th e r s  (14-, 

15, 16) have used p r e c i p i t a t i o n  with  e th a n o l .  Green ejt a l .  

( 17) have been ab le  to i s o l a t e  two a c t iv e  components on 

'DEAE-cellulose columns. Fadula and Larsh ( 18) i s o l a t e d  

a c t i v e  sk in  t e s t  components by ion exchange chromatography 

using H. d u b o i s i i  c u l tu r e  f i l t r a t e .  Gel f i l t r a t i o n  

(Sephadex 25) a ls o  has been employed to i s o l a t e  the a c t iv e  

sk in  t e s t  components from H. capsulatum c u l tu r e  f i l t r a t e  by 

Sprouse and Larsh (1 9 ) .

The importance of  h i s to p la sm in  sk in  t e s t  as the 

major t o o l  to  determine the occurrence of h i s to p la sm o s i s  i s  

obvious.  However u n t i l  the an t ig en s  a re  f u l l y  e v a lu a te d ,  

t h e i r  u se fu ln e s s  in  d i a g n o s t i c  t e s t s  must remain s u b je c t  to 

q ue s t io n .

This study i s  designed to  give some in fo rm a t ion  con

cern ing  the p roduct ion  of the a c t iv e  component, the i n 

f luence  of the  o r i g i n  of the i s o l a t e ,  and of the  age of 

c u l t u r e .  I d e n t i f i c a t i o n  of the var ious  components by d isc  

e l e c t r o p h o r e s i s ,  as wel l  as the  i s o l a t i o n  of  s k in  t e s t  com

ponents on p r e p a r a t i v e  polyacrylamide gel columns was a t 

tempted. Since H-42 i s  now the a n t ig e n  most widely  used by 

the United S t a t e s  Publ ic  Health  Department and i s  considered
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to be a ve ry  p o ten t  sk in  t e s t  m a t e r i a l ,  a d e t a i l e d  s tudy was 

made o f the m a te r i a l  as  a ba s ic  s t e p  fo r  f u r t h e r  improvement 

of  the  p r e p a r a t i o n  of a r e l i a b l e  h i s to p la sm in .



CHAPTER II

GENERAL CHEMICAL CHARACTERIZATION 

OF HISTOPLASMIN

V a r ia t io n  of  the potency of h is to p la sm in  has been 

r ep o r te d  by many i n v e s t i g a t o r s .  Emmons (10) prepared h i s t o 

plasmin H-3, and s tandard ized  i t  by determining i t s  sk in  t e s t  

potency by in t ra d e rm al  in o c u la t i o n  of  guinea pigs s e n s i t i z e d  

to  H. capsu la tum . Shaw, Howell,  and Weiss (20) prepared 

h i s to p la sm in  H~l5, s tan dard ized  a g a in s t  h i s to p la sm in  H-3. 

Their  method of s t a n d a r d i z a t i o n  was the  bas is  fo r  the sk in  

t e s t i n g  procedures adopted as the minimal s tand ard ,  and 

which depend p r im a r i ly  on s iz e  of  sk in  r e a c t i o n .  A p ro

cedure fo r  producing a s t a n d ard ized  a n t ig e n  i s  d e s i r a b l e .

The p roduct ion  of h i s to p la sm in  apparen t ly  depends upon 

se v e ra l  f a c t o r s  which have to  be s tud ied  before  an a p p ro p r i 

a t e  procedure fo r  i t s  p re p a ra t io n  can be worked ou t .  Some 

of  the important  v a r i a b l e s  neg lec ted  in  the p r e p a r a t io n  of 

and t e s t i n g  of h i s to p la sm in  inc lud e :

1. I s o l a t e  used fo r  p r e p a r a t io n  of h i s to p la sm in .

2. Optimal h a rv e s t  time of c u l t u r e .
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3. Quant i ty  and nature  of  m a te r i a l  used fo r  sk in  

t e s t .

h .  Medium In which sk in  t e s t  i s  ad m in is te red .

These Items,  as w e l l  as o th e r s ,  should be eva lu a ted .  The 

fo l lowing  chap te r  d ea ls  with the I n v e s t i g a t i o n  of these  

I tems.

M ater ia ls  and Methods

I s o l a t e s  of  Histoplasma capsulatum used 
f o r  a n t ig e n  p r e p a r a t i o n

I s o l a t e  name Source

S c r i t c h f i e l d  Missouri S ta te  sanatorium (sputum)

Grand I s l a n d  So i l  from Grand I s l a n d ,  Nebraska

NCDC No. 267 Cul tu re  c o l l e c t i o n  NCDC l a b o r a to r y ,
A t la n ta ,  Georgia

D i s t r i c t  So i l  from park ,  Washington, D.C.

P r e p a r a t io n  of h is to p la sm in

Hls top lasmlns  were prepared by q u a n t i t a t i v e  In o c u la 

t i o n  of  s t e r i l e  Sm ith 's  a sparag ine  medium (21) with  a 

m yce l ia l  suspens ion  of H. capsu la tum . Aliquots  (500 ml) of 

homogeneous In ocu la ted  medium were dispensed  in to  1 l i t e r  

co t ton -p lugged  Erlenmeyer f l a s k s .  The f l a s k s  were Incubated  

a t  27°C and approximate ly  75%  r e la t iv e  humidity to minimize 

d ehydra t ion .  H lstoplasmins were h a rv e s te d  a f t e r  su ccess ive  

per iods  of t ime,  s t a r t i n g  a t  one week and stopping a t  12 

months, by a d d i t i o n  of (1 :10 ,000)  m e r th lo la te  s o l u t i o n  and 

double f i l t r a t i o n  through a S e i tz  f i l t e r .  Crude h l s to p la sm ln s
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were d ispensed  i n to  100 ml a n t ig e n  b o t t l e s ,  s e a le d ,  l a b e le d  

and s to re d  a t  4°0 u n t i l  used.

Skin t e s t i n g  with  h i s to p la sm in

Albino guinea pigs were used.  All  animals were 

t e s t e d  i n i t i a l l y  with  h i s to p la sm in  (fl-'+2) and those e x h i b i t 

ing a n ega t ive  r e a c t i o n  ( l e s s  than 5 mm) were used.  The 

nega t ive  animals were s e n s i t i z e d  by i n t r a p e r i t o n e a l  inocu-  . 

l a t i o n  of  a v i a b l e  m yce lia l  suspens ion  of H. capsulatum i n  a 

t o t a l  volume of 1 ml. V i a b i l i t y  was determined by q u a n t i t a 

t i v e  i n o c u l a t i o n  of mycelia l  suspens ion  onto the su r face  of 

Sabouraud 's  d ex tro se  agar  p l a t e s .  Crude h l s to p la sm ln s  were 

assayed f o r  i n f e c t i o n  a l l e r g y  by in t rad e rm al  i n o c u l a t i o n .  

Erythema and in d u r a t io n  were measured and recorded a t  2 k  

and 48 hours  a f t e r  In o c u la t io n .  However, only 48 hour i n 

d u r a t i o n  read ings  were used In the in terp re ta tio n  of r e s u l t s .

Chemical a n a l y s i s

P r o t e in  was determined q u a n t i t a t i v e l y  by the modified 

F o l in  phenol method of Lowry (22) us ing  c r y s ta l l in e  bovine 

serujn albumin as s tan d ard .  Carbohydrates were determined 

with  en throne  rea g en t  (23) ,  and with  the phenol s u l f u r i c  

a c id  techn ique  (2 4 ) ,  using D-gluccse  as s tandard .  Reducing 

sugars  were determined c o l o r i m e t r i c a l l y  using the 

arsenoraolybdate and copper r ea gen t  of Somogyi (2 5 ) .  Tota l  

sugar was taken  as the average of both methods and done on 

the  u n t r e a te d  f i l t r a t e .  Tota l  protein  was assayed a f t e r



d i a l y s i s  fo r  96 hours a g a in s t  rep e a te d  changes of d i s t i l l e d  

water and l y o p h i l i z a t i o n .  Dry weight was obtained  on the 

n o n -d ia ly zab le  m a t e r i a l .

Resul ts

E f fe c t  of i s o l a t e  and 
h a rv e s t  time

The wide v a r i a t i o n  of  p r o t e in  and carbohydrate  

c o n c e n t r a t io n  observed among the  i s o l a t e s  i s  shown in  F ig .  1. 

H is top lasmin  from S c r i t c h f i e l d  i s o l a t e  showed l i t t l e  v a r i a 

t i o n  i n  carbohydrate  and p r o t e i n  during the 12 months 

per iod  of s tudy.  Histoplasmin  from the  other th ree  i s o l a t e s  

showed a r i s e  i n  p r o t e i n  con ten t  corresponding  to decrease  

i n  reducing sugars  as well  as in  the t o ta l  sugars .  However 

the age a t  which the change occurred  was d i f f e r e n t ,  ranging 

from 8 months fo r  Grand I s la n d ,  k- months in  NCDC, to  2 months 

fo r  D i s t r i c t .

C oncen tra t ion  of sk in  
t e s t  m a te r i a l

Dry weight/ml of  crude f i l t r a t e  va r ied  among the 

i s o l a t e s  as well  as fo r  the d i f f e r e n t  ages of the same i s o 

l a t e .  The r a t i o  of p r o t e in  to  t o t a l  s o l i d s  r e p re se n te d  in  

Table 1, a l s o  showed v a r i a t i o n s .

Although S c r i t c h f i e l d  c u l t u r e  f i l t r a t e  showed a 

s l i g h t  in c re a se  i n  t o t a l  s o l i d s ,  the  r a t i o  of p r o t e i n / t o t a l  

so l i d s  remained co n s tan t  (which agreed with the  growth 

curve where no change i n  p r o t e i n  or carbohydrate was de tec ted) .
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TABLE 1

DRY WEIGHT OF NONDIALYZABLE MATERIAL FROM 
DIFFERENT CULTURE FILTRATES

oS
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M
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P
o
a
q•H
0bO

0
a0s

0
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H
CO'H
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a 0
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o
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G P •H

•H cO a H
0 P •H O

P P 0 CO
O H p i
A 'H 0 H
P Ch P cO

P P
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P a P

HT-1 1 S c r i t c h f i e l d 0.65 22.6 3 .5

HT-1 11 S c r i t c h f i e l d 0.9^3 32.0 3 .4

HT-2 ■' 1 Grand Is land 0 .365 58.3 1.6

HT-2 11 Grand Is lan d 0.897 243.3 27.0

HT-3 1 NCDC #267 0.083 4 .0 4 .8

HT-3 9 NCDC #267 0.61 166.6 27-0

HT-4 1 D i s t r i c t 0.093 13.3 14.0

HT-4 !+ D i s t r i c t 0.29 160.6 55.0

.n the case of the  o th e r  th ree i s o l a t e s  the change in

p r o t e i n / t o t a l  s o l i d s  corresponds to  the change in  p r o t e in  

and carbohydra te  d e te c te d  p rev io u s ly  in  growth curve.  The 

a c t i v i t y  of the  i s o l a t e s  was compared as shown i n  F ig .  2 by 

i n j e c t i n g  a known q u a n t i ty  of h is to p la sm in  p r o t e in .  

S c r i t c h f i e l d  showed^no d i f f e re n c e  in  r e a c t i o n  a t  t h r e e  or 

e leven  months F ig .  2 A and B, or with  the  WoO-fold in c re a s e  

i n  dosage. Grand I s l a n d  showed an in c re a s e  from



n

' .8 hiù'h'iA 'âh.Q kSO ^O  yi .8 Ù T62b2%^k4)6bGlO

ug of P r o t e i n / t e s t

F ig .  2. Skin t e s t  r e a c t i o n  as a f f e c t e d  by 
p ro te in  c o n c e n t r a t io n .
  = in d u r a t io n ;  . -------- . = erythyma
A. S c r i t c h f i e l d  3 month old
B. S c r i t c h f i e l d  11 month old
C. Grand I s la n d  11 month old
D. NCDC #267 11 month old
E. D i s t r i c t  8 month old
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approximate ly  10 mm a t  0 .2  ug to about  18 mm a t  80 ug,

F ig .  2 C. S im ila r  r e s u l t s  were o b ta ined  with the other  

two i s o l a t e s ,  F ig .  2 D and E. However 0 .2  ug p r o t e i n  was 

s u f f i c i e n t  to  give a reasonab le  r e a c t i o n  s i z e ,  in  a l l  i s o 

l a t e s  t e s t e d .

E f fe c t  of medium on sk in  t e s t  
r e a c t i o n  s i z e

His top lasmin  from nine  month old  c u l t u r e  of NCDC 

#267 was chosen f o r  t h i s  s tudy.  S o lu t io n s  of v a r io us  con

c e n t r a t i o n s  of h i s to p la sm in  were t e s t e d  using a sparag ine  

medium, s a l i n e ,  Sam's b u f f e r ,  and water as s o lv e n t s .  Re

s u l t s  a re  shown in  F ig .  3 A,B,C and D. D if fe rences  were 

d e te c te d  only a t  h igh  c o n ce n t ra t io n s  of h is to p la sm in .

Discussion

From the previous  re su l ts . JL t  i s  c le a r  t h a t  the re  

a re  d i f f e r e n c e s  in  the a n t ig e n ic  a c t i v i t y  of the h i s t o -  

plasmins ob ta ined  from the va r ious  i s o l a t e s  of Histoplasma 

capsu la tum , a l though  m orphologica l ly  they are  i d e n t i c a l .  

Goodman and Larsh (2 6 ) ,  showed that an in c re a s e  in  sk in  t e s t  

a c t i v i t y  p a r a l l e l s  the in c re ase  of  p r o t e i n  c o n ten t .  A good 

sk in  t e s t  r e a c t i o n  was r ep o r te d  in  c u l t u r e  f i l t r a t e s  a t  two 

weeks. Whether the  in c re ase  in  sk in  reaction  with age i s  

due to  inc re ase  of s p e c i f i c  an t ig en  or due to  in c re a s e  of 

n o n - s p e c i f i c  p r o t e in s  s t i l l  has to be determined.  Whether 

the four  i s o l a t e s  produce the same a n t ig e n  or a c lo s e ly



.  -O
o

5-

2.8 3.21.2

10- 10-

-O o
CO

2.8 3.2 .2 A
ug Protein/test

F i g .  3*— S k in  t e s t  r e a c t i o n  a s  a f f e c t e d  by medium (NCDC # 2 6 7 ) -
  = i n d u r a t i o n ;  o -  -  - o  = e ry thym a
A. A s p a r a g i n e ;  B. S a l i n e ;  C. Sam's  b u f f e r ;  D. W ater
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r e l a t e d  group of a n t ig en s  i s  a l s o  not  known, and i t  i s  

necessa ry  to  sp e c i fy  the i s o l a t e  used and age of c u l tu re  

f i l t r a t e  i n  h i s to p la sm in  p r e p a r a t io n .

In  the  second experiment ,  there was an in c re a s e  i n  

s k in  r e a c t i o n  with  some i s o l a t e s ,  and a p o s i t iv e  r e a c t i o n  

was d e te c te d  with  0 .2  ug p r o t e in .  This could l ead  to  the 

conc lus ion  t h a t  the c u l t u r e  f i l t r a t e  could be h a rv e s te d  

a f t e r  one or two months, when a very small  amount of the 

m a te r i a l  i s  needed and when i t  i s  more l i k e l y  to  be f ree  

from contamina tion  by n o n -sp ec if ic  p r o t e i n .

The sk in  r e a c t i o n  to  h i s to p la sm in  in  a b u f f e r  

s o l u t i o n  such as Sam's b u f fe r  or a spa rag in e  medium showed 

no v a r i a t i o n  over a wide range of  c o n c e n t r a t i o n ,  while  water 

or s a l i n e  gave in c r e a s e s  in  sk in  t e s t  r e a c t i o n  with  higher  

c o n c e n t r a t io n  of m a t e r i a l .  At a dose of  0 .2  ug of h i s t o 

plasmin p r o t e i n  a l l  gave a measurable r e a c t i o n  of almost 

the  same s i z e ;  a t  low c o n c e n t r a t io n  any medium could be used 

s a f e l y .



CHAPTER I I I

ELECTROPHORETIC PATTERNS OF HISTOPLASMIN 

PREPARATIONS USING POLYACRYLAMIDE GEL

The comparative d i sc  gel e l e c t r o p h o r e s i s  technique 

fo r  i d e n t i f i c a t i o n  and f u r t h e r  c h a r a c t e r i z a t i o n  of c u l tu r e  

f i l t r a t e  components was used. The technique was in troduced  

by O rns te in  ^  a l .  (2 7 ) ,  and was employed p rev io u s ly  in  

s i m i l a r  s t u d i e s  which demonstrated a h igh degree of r e s o l u 

t i o n .  Recent a p p l i c a t i o n  of t h i s  technique by Shechter 

e t  a l . ( 28) proved to  be u se fu l  in  the comparative study of 

de rm atophy tes .

M ate r ia l  and Methods

P r e p a r a t io n  of the c u l tu r e  
f i l t r a t e  p r o t e in

Histoplasmin  ob ta ined  from the four  i s o l a t e s  men

t io n e d  p rev iou s ly  was used. In a d d i t i o n  c u l tu r e  f i l t r a t e s  

from s e v e r a l  other genera of fu n g i , A s p e r g i l l u s , P é n i c i l l i u m , 

Beauveria  and S p i c a r i a , were c o l l e c t e d  and subsequently com

pared with  those from Histoplasma i s o l a t e s .  The age of 

c u l t u r e s  of these  fungi  ranged from 1-12 months. Every 

c u l t u r e  was grown i n  a spa rag in e  medium as d esc r ibed

15
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p re v io u s ly .  The c u l tu r e  f i l t r a t e  was d ia ly zed  a g a i n s t  r e 

peated  changes of 100 volumes of  d i s t i l l e d  water  fo r  a pe r iod  

of  96 hours a t  4^0. The d ia lyzed  m a te r ia l  was nex t  

l y o p h i l i z e d  and f i n a l l y  r e d i s s o lv e d  in  40 ul  of  d i s t i l l e d  

w a te r .  The p r o t e in  con ten t  of  each sample was determined by 

the Lowry method (22) .  Twenty u l  of the  co nce n t ra te d  h i s t o 

plasmin corresponding to  20 ml of o r i g i n a l  f i l t r a t e ,  and 

200 ug of p r o t e i n  from each of the o ther  organisms were used 

in  each t e s t .

Procedure

A n a ly t ic a l  d i s c  e l e c t r o p h o r e s i s  in  polyacrylamide 

ge ls  was performed as de sc r ib ed  by Buchler in s t rum en ts  

manual ( 29), using 3 - 5^ spacer  gel  and 7 . 5^ s e p a ra t in g  gel 

columns i n  a t r i s - g l y c i n e ,  t r i s -H C l ,  b u f f e r  system a t  

pH 9 .3  a t  a c u r re n t  of  2 .5  ma app l ied  fo r  a pe r iod  of 35 

minutes .  The ge ls  were then  s t a in e d  with Amido Schwarz for  

one hour ,  fol lowed by p a r t i a l  d e s ta in in g  i n  "]% a c e t i c  ac id  

fo r  one hour to  y i e l d  q u a l i t a t i v e  p r o t e i n  i d e n t i f i c a t i o n .  

Dupl ica te  samples were s t a in e d  with S c h i f f ' s  r e a g en t  and 

with  Sudan b lack  B f o r  d e te rm in a t io n  of  carbohydra te  and 

l i p i d  con ten t  r e s p e c t i v e l y .  A Canalco Model F m icrodens i 

tometer  was used to scan the  r e s u l t a n t  g e l .

Resu l ts

A d i s t i n c t l y  c h a r a c t e r i s t i c  e l e c t r o p h o r e t i c  p a t t e r n  

fo r  the  p r o t e i n  was ob ta ined  from each c u l tu r e  f i l t r a t e .
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S t e r i l e  a sparag ine  medium processed  in  a s i m i l a r  manner 

along with  a blank tube i n  each run y ie ld e d  a c l e a r  gel 

a f t e r  s t a i n i n g .  Human serum was included i n  each run as a 

r e f e r e n c e  sample which y ie ld e d  r e p ro d u c ib le  p a t t e r n s  with 

c o n s i s t e n t  RF v a lu e s .  All  t e s t s  were conducted in  r e p l i c a t e  

to  de termine  r e p r o d u c i b i l i t y  f o r  the system. H is top lasmin  

from S c r i t c h f i e l d  and D i s t r i c t  i s o l a t e s  which had been under 

r e f r i g e r a t i o n  s ince  1961 were t e s t e d  to  determine whether 

changes i n  the f i l t r a t e s  had occurred due to  s to r a g e .  All  

samples de r ived  from the  same i s o l a t e  showed a h igh  degree 

of  s i m i l a r i t y  r e g a r d l e s s  of  s to ra g e  t ime.

S e m i-q u a n t i t a t iv e  and q u a l i t a t i v e  d i f f e r e n c e s  were 

seen n o t  only among sp e c ie s  but  a l s o  among i s o l a t e s .  Of 

primary i n t e r e s t  i s  the  v a r i a t i o n  noted in  the  f i l t r a t e  ob

t a in e d  from the same i s o l a t e  but  h a rv e s te d  a t  d i f f e r e n t  time 

p e r i o d s .

F ig .  k  shows the  r e s u l t s  ob ta ined  from the  S c r i t c h 

f i e l d  i s o l a t e .  Only one p r o ' - i n  band (RF 0 .7 )  was v i s i b l e  

during  a 12 month p e r iod .  Ine same band a l s o  appears  with 

carbohydra te  s t a i n i n g .  Because t h i s  c u l tu r e  f i l t r a t e  

demonstra ted  sk in  t e s t  a c t i v i t y  we can assume t h a t  the a n t ig e n  

i s  a g ly c o p ro te in .  The Grand I s la n d  i s o l a t e  e x h ib i t e d  one 

band (RF 0 .7)  which corresponds to  the  one i n  S c r i t c h f i e l d .  

However, a d i f f e r e n c e  i s  the presence of  s e v e r a l  o th e r  bands 

o ccu r r ing  by the  e lev en th  month as shown i n  F ig .  5? which 

a l s o  in c lu d es  the r e s u l t s  of carbohydra te  s t a i n i n g  and the
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S c r i t c h f i e l d  I s o l a t e

T u b e  No^ A m i d e  B l a c k  
o r i g i n  —

F r o n t
.7

A g e :  1 —*. 12 M o n t h s

S c h i f f ’s
O r i g i n

Rf

.7

F r o n t

A 9 e : 1 —►! 2 M o n t h s

F igu red . - - Histoplasm a capsulatum Scritchfield isolate.  
Electrophoretic patterns in acrylamide gel from culture 
filtrate.
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Tube No 1

♦ G r a n d  I s l a n d  I s o l a f e  * 

A m i  d o  B l o c k
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.4
.58
. 7

F r o n t

1 1

rïl-

„2a,i
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n - M a n t t i r
!

Figure 5- - -Histoplasma capsulatum Grand Island isolate.
Electrophoretic patterns in acrylamide gel from culture
filtrate.
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dens i tom ete r  t r a c in g  fo r  four  d i f f e r e n t  ages of the  c u l tu r e  

f i l t r a t e .  WCDC #267 exhibited a p a t t e r n  d i s t i n c t i v e l y  d i f 

f e r e n t  from those of the two prev ious  i s o l a t e s  as shown in  

F ig .  6. The D i s t r i c t  i s o l a t e  gave a more abundant growth 

in  c u l t u r e  and subsequent ly  further d i f f e r e n c e s  were noted 

a t  e a r l y  c u l t u r e  ages in  the e lectrophoret ic  pattern of the 

p r o t e i n  bands (F ig .  7)> F ig .  8 shows the c h a r a c te r i s t ic  

d i sc  e l e c t r o p h o r e t i c  p a t t e r n  as wel l  as the r e p r o d u c i b i l i t y  

of  the  method fo r  P é n ic i l l i u m  5052. A s p e r g i l l u s , as did 

H. capsulatum i s o l a t e s ,  e x h ib i t e d  a d e f i n i t e  d i f f e r e n c e  

among s p e c i e s .  The two spec ie s  used in  t h i s  s tudy were

A. t e r r e u s  and A. fu m ig a tu s . The e l e c t r o p h o r e t i c  p a t t e r n s  

of  the two spec ie s  of  A s p e rg i l lu s  a re  shown in  F ig .  9- 

Tubes 1 , 2 , 3  r e f e r  to A. t e r r e u s  and tube k  to  A. fum iga tus .

S i m i l a r i t y  among the  i s o l a t e s  of Beauveria i s  shown 

i n  F ig .  10. S p ic a r ia  samples e x h ib i t  s l i g h t  d i f f e r e n c e s  as 

dep ic te d  in  F ig .  11. None of  the samples t e s t e d  proved 

p o s i t i v e  fo r  l i p i d s ,  which suggests that no c o r r e l a t i o n  

e x i s t s  between sk in  t e s t  r e a c t i v i t y  and the presence of 

l i p i d  m a t e r i a l s .  All  the  o the r  spec ie s  showed p a t t e r n s  d i f 

f e r e n t  from those of  Histoplasma capsu la tum .
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Figure 6. - -Histoplasma capsulatum NCDC #267 isolate.
Electrophoretic patterns in acrylamide gel from culture
filtrate.
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Figure 7. - -Histoplasma capsulatum District isolate.
Electrophoretic patterns in acrylamide gel from culture
filtrate.'
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Figure 8- - - Pénicillium  5052. E lectrophoretic patterns 
in acrylamide gel from culture filtrate.
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Figure 9- —AspergUlua Electrophoretic patterns in 
acrylamide gel from culture filtrate.

Tube No. 1, 2, 3 Aspergillus terrus 
Tube No. 4 Aspergillus fumigatus
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Figure 1 0 - - Beauveria Electrophoretic  patterns in 
acrylamide gel from culture filtrate.

Tube No. 1, 3 Beauveria 1460 
Tube No. 2 Beauveria 3235
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Tube No. 1 Spicaria 6296 
Tube No. 2 Spicaria 2736 
Tube No. 3 Spicaria violacale
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Discussion

Comparison of  the  e l e c t r o p h o r e t i c  p a t t e r n s  shows t h a t  

q u a n t i t a t i v e  and q u a l i t a t i v e  d i f f e r e n c e s  in  the p ro te in s  

e x i s t  among s p e c ie s ,  among i s o l a t e s  as well  as among the 

c u l t u r e s  of  d i f f e r e n t  ages.  No d i f f e r e n c e  was apparent  

among samples taken from i d e n t i c a l  m a te r i a l s  which had been 

s to re d  fo r  vary ing  l en g th s  of  t ime. In  samples taken from 

the e a r l y  s tag es  of  h i s to p la sm in  product ion  and s t a in e d  with 

Amido Schwarz, each i s o l a t e  showed one band with  a d i f f e r e n t  

and c h a r a c t e r i s t i c  RF va lue .  T here fo re ,  d i f f e r e n c e s  in  the 

composit ion of c u l t u r e  f i l t r a t e s ,  based on e le c t r o p h o r e t i c  

m o b i l i t i e s ,  do e x i s t  even in  the e a r l y  s ta g es .

S c h i f f s  r e a g e n t  s t a in e d  the same band as did Amido 

Schwarz, sugges t ing  t h a t  carbohydrate  may e x i s t  bound with 

the p r o t e in  as g ly co p ro te in .  No s t a i n i n g  with Sudan Black 

was found sugges t ing  t h a t  there i s  no l i p o p r o t e i n  in  the 

f i l t r a t e .

Cul ture  f i l t r a t e s  from a l l  four  i s o l a t e s  demonstrated 

sk in  t e s t  a c t i v i t y  even as e a r ly  as one month, and showed a t  

l e a s t  one g ly co p ro te in  band, even though t h i s  band had d i f 

f e r e n t  e l e c t r o p h o r e t i c  m ob i l i ty  in  the  va r iou s  i s o l a t e s .  At 

l a t e r  s tages  of in cu b a t io n ,  several  p r o t e in  components be

came e a s i l y  recognized  but the potency and s p e c i f i c i t y  of 

these  i n d iv id u a l  components i s  s t i l l  to  be determined.

Previous study has demonstrated an inc re ase  in  sk in  

t e s t  r e a c t i v i t y  p a r a l l e l  to  the i n c re a s e  in  t o t a l  p r o t e in
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( 2 6 ) .  The f i n a l  e v a lu a t io n  of  t h i s  f a c t  r e q u i r e s  a d e t a i l e d  

i n v e s t i g a t i o n  of  the d i f f e r e n t  p r o t e i n  f r a c t i o n s  p re s e n t  in  

the  f i l t r a t e .



CHAPTER IV

FRACTIONATION AND ISOLATION OF SKIN TEST 

COMPONENTS OF HISTOPLASMIN BY PREPARATIVE 

DISC ELECTROPHORESIS COLUMN

Q u a l i t a t i v e  gel  e l e c t r o p h o r e s i s  showed se v e ra l  d i f 

f e r e n t  components as wel l  as c h a r a c t e r i s t i c  bands fo r  the 

d i f f e r e n t  i s o l a t e s ,  t h e r e f o r e  i t  was adapted f o r  q u a n t i t a t i v e  

s e p a r a t io n  of  the  d i f f e r e n t  components. The technique  i s  

f a i r l y  new, and has been used only a few times (3 0 ,3 1 ,3 2 ) .

M ater ia l  and Methods

Column

Poly-acry lam ide  p re p a ra t iv e  gel  column 10 cm 

(Canalco model P D 2 /7 0 ) ,  as shown i n  F ig ,  12 was used.

Reagents fo r  Prep Disc 
E le c t ro p h o re s i s

Stock s o l u t io n s  were mixed and working s o lu t io n s

f r e s h l y  made fo r  every column as desc r ib ed  by Canalco

manual.

29
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Procedure

The method used was t h a t  desc r ibed  by the Canalco 

i n s t r u c t i o n  manual (3 3 ) .  C urren t  r e g u la te d  power supply was 

used to  m ain ta in  s teady  p rogress  of the sample as the r e 

s i s t a n c e  changed i n  the  column. A c u r r e n t  of  10 ma was 

used fo r  each column. E lu t io n  time v a r i e d  between 3 and 

h  hours ;  peaks were d e te c t e d  by a b so rp t io n  a t  2 '^ k  mu using 

a monitor (Canalco model D). The d i a ly z e d ,  l y o p h i l i z e d  

sample was d i s so lv e d  in  1 ml of  ko fo  sucrose  and in troduced  

to  the column by l a y e r in g  i t  on the  top of the  gel  using a 

long need le .  F r a c t io n s  were c o l l e c t e d  with the a id  of an 

automatic  f r a c t i o n  c o l l e c t o r  using timed flow. E lu t io n  

b u f fe r  flow was r e g u l a t e d  a t  3 ml/min. Consecutive a l i q u o t s  

with  peaks were pooled.

The pooled a l i q u o t s  were d ia lyzed  a g a i n s t  d i s t i l l e d  

water and d r ied  under vacuum, then r e d i s s o lv e d  in  s u f f i c i e n t  

d i s t i l l e d  water to  b r ing  the samples to the o r i g i n a l  volume 

of the  c u l tu r e  f i l t r a t e  taken .  S im i la r  samples con ta in ing  

200 ug were used fo r  the  a n a l y t i c a l  e l e c t r o p h o r e s i s ,  

processed  under i d e n t i c a l  c o n d i t io n s ,  and s t a in e d  with Amido 

Schwarz. Densi tometer t r a c in g s  were made w i th  a Canalco 

dens i tom ete r  model F.

Resu l ts

Crude h i s to p la sm in s  were su b jec ted  to  f r a c t i o n a t i o n  

on s e v e r a l  kinds of ge l :  5 ^  7% i and 10^ s ta c k in g  ge ls  as

well  as 10^ s e p a ra t in g  g e l .  The ']% s t a c k e r  gel  showed good
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s e p a r a t i o n  i n  a reaso n ab ly  s h o r t  t ime. Table  2 summarizes 

the s i z e  and d i l u t i o n  of h i s to p la sm in  samples a p p l i e d  to 

the  columns and amount recovered .  F igu res  13, 15, 17, 19 

show the  e l u t i o n  p a t t e r n s  of the  d i f f e r e n t  h i s to p la sm in  

p r e p a r a t i o n s  mentioned i n  Table 2, as wel l  as the  p a t t e r n  on 

the  a n a l y t i c a l  ge l  and the  dens i tom ete r  t r a c in g  of the  ge l .  

The arrows i n d i c a t e  the  pooled f r a c t i o n s ;  the  numbers show 

the  pool number as wel l  as the  corresponding band in  the 

a n a l y t i c a l  column and peak in  the dens i tom ete r  t r a c i n g .  The 

automatic  s h i f t  of the  r e c o rd e r  from IX to  3X depends on the 

amount of a b so rp t io n  of  2^4 mu of the  s p e c i f i c  m a te r i a l .

F ig .  13 shows the  p a t t e r n  fo r  S c r i t c h f i e l d  i s o l a t e  a t  the age 

of 11 months (HT-1 A-11). Four f r a c t i o n s  were sepa ra ted  

a l though  on the gel  and dens i tom ete r  only th re e  could be 

seen,  probably  because of the poor s e p a r a t io n  of  f r a c t i o n  3 

and 4 on the  a n a l y t i c a l  column or because one of the two 

f r a c t i o n s  was too small  to  s t a i n .  I t  should be noted t h a t  

only one band was d e te c te d  on 7-5/^ s e p a r a to r  gel  in  

Chapter I I I .  F ig .  l4 shows the amount of p r o t e i n ,  carbo

h y d ra te ,  and the i n d u r a t io n  response .  Only f r a c t i o n  2 

showed the presence of ca rbohydra te .  The fou r  f r a c t i o n s  

showed almost  the same sk in  t e s t  r e a c t i o n .  I f  we consider  

t h a t  the  s i z e  of  reaction  depends on the q u a n t i t y  of protein ,  

f r a c t i o n  3 would be more p o ten t  than  the o th e r  three f r a c 

t i o n s .  F ig .  15 shows the  p a t t e r n  f o r  Grand I s l a n d  i s o l a t e  

a t  the  age of 8 months (HT-2 A-9). Here a l s o  only three
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TABLE 2

FRACTIONATION OF HISTOPLASMIN ON PREPARATIVE 
GEL ELECTROPHORESIS

0

0 d y 0 HOa '_' •H V Tds 0 \ 0
g • 0 0"0 H O -H 0 00 0 0 0 > 00 0 > ft P o >R 0 Ü o0 H H 0 0 oH . 0 0 ̂ ft 0 0O 0 iH 0 ■P M 0m bO O •H o a bO bOH < > k Eh a a

r i t c h - 11 2 0 0 0.1 3 .4 3 .4 3.34 98.
f i e l d
(HT-1)

Grand- 9 200 1.0  10.0 2 .0  1.^8 79
I s l a n d
(HT-2)

NCDC #267 9 100 1.0 16.0 4 .0  3-72 93
(HT-3)

D i s t r i c t  4 100 1.0 11.25 2.25 1.435 63
(HT-4)



34-

TABLE 2 — C o n t i n u e d

B
Ü
0•HU>O

k

H  
O 

M Os a
H  •
rt -P 

■P O 
O P 

EH P4

Ho
M 0 
B A  \  
H  •cO ^ •P P 
O ca 

EH u

*-pCO(D -P ■P CO CD

^ do 
CQ 3

Skin t e s t

i

<x3
aM

1 1000 0.0 0 . 5 8.9 6.7 13.4
2 114-0 160.0 0.57 8.8 6 .5 11.4
3 34-0 0 .0 0.11 8 .5 6 .9 40.6
k 860 0.0 0.43 9 .8 6 .4 14.9

1 36^ 30.0 0.93 2.38 2.38 2.6
2 76$ 82.5 1.91 4 .46 3.9 2.06
3 1$0 42.5 0.37 6.46 6.23 16.6
if 50 12.5 0.125 0.93 0.69 5.6
5 250 62.5 0 .65 2.9 2 .5 4 .0

1 76 0.0 0.38 7.83 5.1 13.4
2 76 0.0 0.38 7.1 4 .66 12.3
3 740 40.0 3 .7 7.28 5.0 13.5
4 - 2740 280.0 13.7 12.66 8.16 0. 6

1 185 345.0 0.925 2.1 2.2 2 .4
2 250 25.0 1.25 1.4 1.5 1 .2
3 650 180.0 3 .25 16.6 13.8 4.3

185 125.0 0.93 12.0 11.0 11.8
5 100 60.0 0 .5 10.6 9.6 19.2
6 65 50.0 0.32 4.1 4.3 13.4

For sk in  t e s t  the volume was r e s t o r e d  to i t s  
o r i g i n a l  volume.
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bands were c l e a r l y  seen on the a n a l y t i c a l  g e l s ,  and four  

were s e p a ra te d  on the p r e p a r a t i v e  column, but  i f  we consider  

the r e l a t i v e  amount of p r o t e i n  i n  each f r a c t i o n ,  i t  i s  

obvious t h a t  f r a c t i o n  4- has too small q u a n t i ty  to  show with 

the  s t a i n .  F ig .  16 shows the amount of p r o t e i n ,  carbo

h y d r a t e ,  and s i z e  of  i n d u r a t i o n .  F r a c t io n  2 has the h ig h e s t  

q u a n t i t y  of both p r o t e i n  and carbohydrate  but  the h ig h e s t  

sk in  t e s t  r e a c t i o n  was given by f r a c t i o n  3? sugges t ing  the 

r e l a t i v e  s p e c i f i c i t y  of t h i s  f r a c t i o n .  NCDC #267 i s o l a t e  

a t  9 months (HT-3 A-9) showed poorer  s e p a r a t io n  due to  the 

l a r g e  number of p r o t e i n  components (F ig .  17). Fraction A 

(F ig .  18) showed the l a r g e s t  q u a n t i ty  of p r o t e i n  and carbo

h y d ra te .  I t  a l s o  showed a h igher  r e a c t i o n ,  but  i f  we 

c on s id e r  the q u a n t i ty  of  p r o t e i n  i n j e c t e d ,  f r a c t i o n  4 w i l l  

have the lowest  a c t i v i t y .  D i s t r i c t  i s o l a t e  4 month old 

(HT-4 A-4) showed a h igh  degree of r e s o l u t i o n  as shown in  the 

p a t t e r n  in  F ig .  19. The q u a n t i t a t i v e  a n a ly s i s  of  the com

ponents (F ig .  20) showed t h a t  f r a c t i o n  3 i s  the  h ig h e s t  in  

p r o t e i n s  while  f r a c t i o n  1 has the h ig h e s t  amount of  carbo

h y d r a t e s .  F ra c t io n s  3, 4,  5 showed a rea sonab le  sk in  t e s t  

r e a c t i o n ,  but  aga in  c ons ider ing  the amount of  p r o t e in s  

f r a c t i o n  5 has the  h ig h e s t  a c t i v i t y .

Discuss ion

Polyacrylamide gel  showed a s a t i s f a c t o r y  r e s o l u t i o n  

of  the  components of  d i f f e r e n t  kinds of h i s to p la sm in  p rep a ra 

t i o n s .  P re p a ra t iv e  e l e c t r o p h o r e s i s  proved to be promising.
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Tube number
Fig.  13. —E le c t r o p h o r e t i c  e lu t i o n  p a t t e r n  of h i s t o 

plasmin ( S c r i t c h f i e l d  i s o l a t e  HT-1 A-11) on ']% s t a c k e r  
acrylamide g e l .  L e f t :  E lu t io n  p a t t e r n  from p r e p a ra t iv e
column. Upper r i g h t :  A n a ly t i c a l  ge l  p a t t e r n  and d e n s i 
tometer  t r a c in g .
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Total
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Carbohydrate
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Fig .  l h . —Chemical c h a r a c t e r i z a t i o n  
of  h is top la sm in  ( S c r i tc h f ie ld  i s o l a t e  HT-1
A-11) f r a c t i o n s

A. Total p ro te in
B. Total carbohydrate
C. mm in d u ra t io n
D. mm in d u ra t io n /u g  p r o t e i n .
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Tube number
Fie 15-—E le c t ro p h o re t i c  e l u t i o n  p a t t e r n  of  h is to -  

plasmin (Grand Island i s o l a t e  HT-2 A-9) on 7^ stacker

t r a c i n g .
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Total
P r o te in

Total
Carbohydrate

TlOOO

H  P ,

B txoe  P
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F r a c t io n  numbers

Fig .  16 .—Chemical c h a r a c t e r i z a t i o n  
of h i s to p la sm in  (Grand I s la n d  i s o l a t e  HT-2 
A-9) f r a c t i o n s .

A. Total  p r o t e in
B. Total  carbohydrate
C. mm in d u ra t io n
D. mm in d u ra t io n /u g  p r o t e in .
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I

Tube number
Fig .  17. —E le c t ro p h o re t i c  e l u t i o n  p a t t e r n  o f  h i s t o 

plasmin (NCDC #267 i s o l a t e  HT-3 A-9) on ']% s t a c k e r  
acrylamide g e l .  L e f t :  E lu t io n  p a t t e r n  from p r e p a r a t i v e  
column. R igh t :  A n a ly t i c a l  ge l  p a t t e r n  and dens i tom ete r  
t r a c i n g .
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Total
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Total
Carbohydrate
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Fig.  18 .—Chemical c h a r a c t e r i z a t i o n  
o f  h is to p la sm in  (NCDC #267 i s o l a t e  HT-3 
A-9) f r a c t i o n s .

A. Total p r o te in
B. Total carbohydrate
C. mm in d u ra t io n
D. mm in d u ra t io n /u g  p ro te in
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Tube number
Fig.  19. —E le c t ro p h o re t i c  e l u t i o n  p a t t e r n  o f  h i s t o 

plasmin ( D i s t r i c t  i s o l a t e  HT-^ A-^) on 7^ s ta ck e r  
acrylamide g e l .  L e f t :  E lu t io n  p a t t e r n  from p r e p a r a t iv e  
column. Right:  A n a ly t ica l  gel  p a t t e r n  and dens i tom ete r  
t r a c in g .
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Fig .  2 0 .—Chemical c h a r a c t e r i z a t i o n  
of  h i s to p la sm in  ( D i s t r i c t  i s o l a t e  HT-4 A-4) 
f r a c t i o n s .

A. Tota l  p r o t e in
B. Total  carbohydrate
C. mm in d u ra t io n
D. mm in d u ra t io n /u g  p r o t e i n .
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The use of 7^ s t a c k e r  ge ls  showed to  be e x c e l l e n t  fo r  

f r a c t i o n a t i o n  of the  crude h i s to p la sm in  g iv ing  f a s t  c l e a r  

peaks i n  most cases w i th  no lo s s  i n  a c t i v i t y .  A co ns iderab le  

p u r i f i c a t i o n  s t e p  i s  achieved through t h i s  process  which can 

be used fo r  f u r t h e r  s t u d i e s .  The use of  7*5^ se p a ra to ry  ge l  

in  the  a n a l y t i c a l  runs gave a good i n d i c a t i o n  of the d i f 

f e re n ce s  between the i s o l a t e s  as w el l  as the ages of the 

same i s o l a t e .  Use of  7 - 5 %  s e p a ra to ry  ge l  on the p r e p a r a t iv e  

columns re q u i r e d  a long t ime, making the procedure a slow 

p ro ce ss .  Use of 7%° s t a c k e r  gel on p r e p a r a t i v e  columns r e 

qu ired  between th ree  and four hours f o r  good se p a ra t io n s  

depending on the type of  c u l tu r e  f i l t r a t e .  The e l u t i o n  

b u f f e r  con ta ins  a ve ry  low c o n c e n t r a t io n  of  s a l t s  which 

makes i t  e a s i e r  to  handle  and r e q u i r e s  shorter d i a l y s i s  

t ime. One should no te  the d i f f e r e n t  p a t t e r n s  between s t a c k e r  

and s e p a r a to r  columns. The method i s  extremely s e n s i t i v e  

and v a r i a t i o n s  i n  p a t t e r n  occur with  s l i g h t  changes i n  con

d i t i o n s  such as pH, c u r r e n t ,  p o ly m er iza t ion  time and len g th  

of column. The use of  two d i f f e r e n t  c r i t e r i a ,  absorbance 

a t  254 mu i n  the  column, and s t a in i n g  w i th  Amido Schwarz i n  

the  a n a l y t i c a l  runs showed a d isc rep an cy  in  the  s i z e  of 

peaks i n  some cases ,  bu t  not  a l l .  For example, HT-1 shows 

high  peaks i n  the e l u t i o n  but  not i n  the  a n a l y t i c a l  g e l .

The f r a c t i o n s  showed v a r i a t i o n  i n  eve ry th in g ,  amount 

of p r o t e i n ,  carbohydrate, and a c t i v i t y .  The sk in  r e a c t i o n  

does not  seem to  be r e l a t e d  to  the  amount of carbohydra te ,



^ 5

as shown in  HT-^, HT-2, and HT-1, In a l l  of these  the 

h ig h e s t  peaks of  carbohydra tes  do no t  correspond to the 

maximum r e a c t i o n .  A c t iv i t y  a l so  does not seem to be co r 

r e l a t e d  with the q u a n t i t y  of p ro te in s  as shown by HT-1 , 

a l though  i t  does in  HT-^, HT-3. I t  seems t h a t  some f r a c 

t io n s  a re  more s p e c i f i c  than others . Whether the s iz e  of 

the  r e a c t i o n  of one p r o t e i n  i s  a f f e c t e d  by the q u a n t i ty  of  

the  t o t a l  p r o t e in  needs to be c l a r i f i e d .  In  previous s tu d ie s  

with  the crude h i s to p la sm in  a s l i g h t  in c re a s e  in  a c t i v i t y  was 

observed which was not  l i n e a r  with the quantity of p r o t e in  

used. However, these  crude m a te r i a l s  a re  now c l e a r l y  a 

combination of s p e c i f i c ,  n o n sp e c i f i c ,  and nonreac t ive  p ro 

t e i n s  which a l l  c o n t r ib u te  to the erythema and in d u ra t io n  

r e a c t i o n s .



CHAPTER V

CHARACTERIZATION OF HISTOPLASMIN H-42

H istop lasm in  H-i+2 i s  now the  product  most widely used 

f o r  sk in  t e s t i n g .  However the supply i s  l i m i t e d  and a new 

p r e p a r a t i o n  w i l l  be needed. H-^2 was s e l e c t e d  a f t e r  t e s t i n g  

s e v e ra l  proposed l o t s .  I t  was chosen by the United S ta te s  

Public  Heal th  Service  because of i t s  h igh potency.  H-42 was 

chosen i n  t h i s  s tudy  as an example of h i s to p la sm in .  The 

an a lyses  p rev ious ly  desc r ibed  and more d e t a i l e d  s tu d ie s  were 

conducted on t h i s  c u l t u r e  f i l t r a t e ,  hoping to ge t  a b e t t e r  

unders tanding  of  h i s to p la sm in  a n t ig e n  fo r  comparison with 

f u t u r e  p r e p a r a t i o n s .  A 50 ml sample of concen tra ted  H->+2 was 

sup p l ied  by the United S ta te s  Public  Se rv ice .  The l im i t e d  

supply made i t  d i f f i c u l t  to  o b ta in  a complete c h a r a c t e r i z a 

t i o n .

M ate r ia l  and Methods 

P ro te in  and carbohydrate  were e s t im ated  on the crude 

f i l t r a t e ,  d ia lyzed  m a te r i a l  and f r a c t i o n s .  Nitrogen was 

e s t im a ted  using the m icrodete rm ina t ion  of Kje ldahl  ( ] 4 ) .  

A n a ly t ic a l  e l e c t r o p h o r e s i s  was done on 1 s e p a r a to r  and

4 6
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']% s t a c k e r  g e l s ,  as d e sc r ib e d  p re v io u s ly .  P re p a ra t iv e  

e l e c t r o p h o r e s i s  was a l s o  c a r r i e d  out  on 10^ s e p a ra to r  ge ls  

corresponding  to  7 *5^ s e p a r a to r  on the a n a l y t i c a l  ge ls  

and 7^ s t a c k e r s .  P r e p a r a t iv e  columns of 1% s t a c k e r  were 

made e x a c t ly  as d e sc r ib ed  in  Chapter IV. The 10^ se p a ra to r  

columns were 5 mm long .  T r is  bu f fe r  was used in  anode and 

cathode v e s s e l s  with  a c u r r e n t  of  3*5 ma per  column.

E lu t io n  f r a c t i o n s  were c o l l e c t e d  in  tubes every minute a t  a 

flow r a t e  of 2 ml/min. F ra c t io n s  corresponding to each peak 

were pooled, d ia ly zed  a g a in s t  wa ter ,  l y o p h i l i z e d  and t e s t e d  

on 7 *5^ a n a l y t i c a l  columns.

Acid h y d ro ly s i s  fo r  
amino a c id s  (35)

Heavy walled  Pyrex tubes washed se v e ra l  times with 

a c id  and s to re d  in  an evacuated d e s i c c a t o r  were used.  

Lyophil ized  p r o te in s  were suspended in  5.6 N double g lass  

d i s t i l l e d  HCl. The tubes were f ro zen ,  evacuated to a p r e s 

sure  of 50 m icrons , the  s o lu t io n s  were thawed u n t i l  vacuum 

was 60 microns,  the  tubes were immersed again  in  the f r e e z in g  

s o l u t i o n ,  l e t t i n g  the a ir  bubbles ou t .  This process was 

used to degas the h y d ro ly s i s  mixture-  The tubes were shaken 

g e n t ly  during the f r e e z in g  and thawing. The tubes were 

sea le d  a t  50 microns.  The hydrolysis  was conducted a t  

110 + 1°C fo r  24 h ours .  A f te r  the tubes had cooled to room 

tempera ture  l i q u i d  on the s ides  was spun down by gen t le  

c e n t r i f i g a t i o n .  HCl was removed on the rotary evapo ra to r .
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the  r e s id u e  red isso lved  i n  water and evaporated  to  dryness 

th ree  t imes.

Acid h y d ro ly s i s  of 
carbohydra tes  (.16)

Dry samples of  h i s to p la sm in  and i t s  f r a c t i o n s  were

hydrolyzed fo r  20 hours i n  0.25N H^SOl,. i n  a sea led  tube

using  a process s im i l a r  to  t h a t  d esc r ibed  fo r  amino a c id s .

The h y d r o ly s i s  was conducted a t  105 ± 1°C. A f te r  h y d ro ly s i s

the  s o lu t i o n s  were n e u t r a l i z e d  with BaCO) to pH 7 , using pH

paper .  The p r e c i p i t a t e  was removed by c e n t r i f u g a t i o n .

Supernatan t  was decanted,  evaporated in  the r o t a r y  evapora to r ,

and r e d i s s o lv e d  in  w a te r .  Amino a c id s ,  pep t ides  and p ro te in s

were removed by pass ing  the s o lu t io n  through columns of

Dowex-50-H'^ (5 mm x 5 cm). The columns were washed with 1 ml

of w a te r ,  and the washing was added to the e l u a t e ,  which was

evaporated to  dryness and r e d i s so lv e d  in  20 u l  of water .

N-terminal  amino ac id  re s id u es

React ion  with d in i t ro f lu o ro b e n z en e  (DNFB). —The p ro

cedure of Levy and Li (37);  and Sanger (38 ) was used. The 

dry sample was d is so lved  in 0.05H aqueous KOH a t  hO°C., and 

the  pH was a d ju s te d  to 8 ( a d d i t i o n  of 0.05N KOH). DNFB was 

added and the mixture was s t i r r e d  v igorous ly  in  darkness, 

while  the pH and temperature were kept  co n s tan t  by a d d i t i o n  

of  KOH in  an in c u b a to r .  The r e a c t i o n  was te rm ina ted  when 

no f u r t h e r  base was consumed. The s o l u t io n  was e x t r a c te d
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t h ree  t imes with  e th e r  and a c i d i f i e d .  The p r e c i p i t a t e d  DNP- 

compoimds were c e n t r i f u g e d ,  washed with w a te r ,  ace tone ,  and 

e t h e r ,  then d r ied  over phosphorus pentoxide.

Tota l  h y d ro ly s i s  of d in i t ro p h e n y l  p r o t e i n  ( 3 8 ) . —The 

DNP-protein was hydrolyzed with  the 100 f o ld  q u a n t i t y  of 

double d i s t i l l e d  5-?N HCl a t  105 ± 1°C fo r  16 hours ( i n  a 

sea le d  tube under vacuum). The hyd ro ly sa te  was d i l u t e d  to 

a HCl c o n c e n t r a t io n  of  about IN. The h y d ro ly sa te  was ex

t r a c t e d  th ree  times with  peroxide f r e e  ether.

C-term ina l  amino ac id  
r e s id u e s  ( 39 , ^ o A l )

Hog pancreas carboxypeptIdase B, a Sigma product  a l 

ready t r e a t e d  with DFP (d i iso p ro p y lp h o sp h o f lu o r id e )  was used 

as an aqueous suspens ion  con ta in ing  ? .6  mg p ro te in /m l  and an 

a c t i v i t y  of 116 umole Hippuryl-L a rg in in e /m in .  The enzymatic 

r e a c t i o n  was c a r r i e d  out a t  25°C in  0 .2  M phosphate a t  pH 7 . 

The r e a c t i o n  was te rm ina ted  by the a d d i t i o n  of  IN HCl a t  

va r io u s  i n t e r v a l s  of t ime. The mixture was then passed 

through Dowex 50 H"̂ column (5 mm x 10 cm), which had been 

washed with water to remove r e s id u a l  p r o te in s  and p e p t id e s .  

The f ree  amino ac ids  were e lu te d  with 5 M NH^, d r ied  in  

evacuated d e s ic c a to r  over HgSO^, red isso lved  In water and 

i d e n t i f i e d  by t h i n  l a y e r  chromatography.
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Q u a l i t a t i v e  e s t im a t io n  of 
amino a c id s

S i l i c a  gel was used fo r  two dimensional t h i n  l a y e r  

chromatography,  with  n - b u t a n o l / g l a c i a l  a c e t i c  a c id /w a te r  

80/20/20  by volume as the  f i r s t  so lv en t  and phenol/water  

70/30 by volume.as the  second s o lv e n t .  Ninhydrin (0 .3  g 

n in h y d r in  + 100 ml n -b u tan o l  + 3 ml g l a c i a l  a c e t i c  ac id )  

was used to  d e t e c t  amino a c i d s .

Q u a l i t a t i v e  e s t im a t io n  of 
carbohydrate

A. Descending paper chromatography.--Whatman No. 1 

f i l t e r  paper was developed in  e th y l  a c e t a t e - p y r i d in e - w a t e r  

(1 0 /5 /6 )  by volume and sprayed with benz id ine  ( 0 .5  gm 

b e n z id in e ,  10 ml g l a c i a l  a c e t i c  a c id ,  10 ml of  t r i -  

c h lo a c e t i c  a c id ,  80 ml e th a n o l ) .

B. Ascending chromatography. —The chromatograms 

were developed in  i s o p r o p a n o l / a c e t i c  a c id /w a te r  (3 /1 /1 )  and 

sprayed w i th  a n i l i n e  o x a la te  r ea g en t .

Q u a l i t a t i v e  e s t im a t io n  of 
DNP-derivatives

S i l i c a  gel  was used fo r  ascending t h i n  l a y e r  chroma

tography and 22 amino a c id s  d e r i v a t i v e s  p repared  as d esc r ibed  

by Chung (37) were inc luded  as s t a n d a rd s .  B enzene /py r id ine /  

g l a c i a l  a c e t i c  ac id  (80/20/20)  and c h lo ro fo rm /m e th a n o l /g lac ia l  

a c e t i c  a c id  (95 /5 /1 )  were used fo r  the e th e r  so lu b le  de

r i v a t i v e s  as descr ibed  by Brener ejt (42 ) .  I d e n t i f i c a t i o n  

of  water  so lu b le  DNP-derivatives was done on s i l i c a  gel
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developed i n  n -p ro p a n o l /3^^  ammonium hydroxide ( 7/ 3 ) (43) .

Q u a n t i t a t i v e  e s t im a t io n  of 
amino a c id

A Beckman/Spinco Amino Acid Analyser Model 120 was 

used.  100 ug (A-2) sample h y d r o ly s a te ,  disso lved  in  0 .5  cc 

of b u f fe r  and 10 ug of  i n t e r n a l  s tandard  was inc luded .

R esu l ts

General  chemical c h a r a c t e r i z a 
t i o n  of  H-42 h i s to p la sm in

H-1+2 was d ia ly zed  a g a i n s t  water (100 f o l d ) ,  

l y o p h i l i z e d  and was su b je c te d  to v a r ious  chemical d e t e r 

mina t ions  as shown in  Table 3*

E le c t r o p h o r e t i c  p a t t e r n s  were ob ta ined  on 7>5^ 

s e p a r a t o r  g e l .  Because of the very  low c o n c e n t r a t io n  of 

p r o t e i n s  i n  the nondialyzed f i l t r a t e ,  e l e c t r o p h o r e s i s  was 

om it ted .  On s t a in in g  with  Amido Schwarz f i v e  bands could 

be demonstra ted ,  two of them were sharp (RF 0 .7  and RF O.3 8 ).  

The band with  RF 0.2 was f a i r l y  sharp but those  with  RF 0 .05 

and 0 .6 4  were very  l i g h t .  S c h i f f ' s  r ea g en t  gave bands with 

RF 0.7  and O.3 8 . None of the  bands s t a in e d  with  Sudan Black.

S ep a ra t io n  on p r e p a r a t i v e  columns

Two types of acrylamide gel  were used, 1% s t a c k e r  

and 10^ s e p a r a to r .  In  the ']% s t a c k e r  gel a l l  p r o t e in s  

migra te  mainly according  to t h e i r  charge r e g a r d l e s s  of 

molecular  weight.  In  t h i s  gel  a t h in  l a y e r  of concen tra ted  

p r o t e i n  i s  formed, which runs r a p id ly  through, the  gel wi thout
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TABLE 3

CHEMICAL ANALYSIS OP HISTOPLASMIN H-^2

Sample
H-42 H-42

Nondialyzed Dialyzed

T o ta l  p ro te in /u g /m l  (Lowry) 850 350

T ota l  c a rb . /u g /m l  (an th rone) 1450 290
T ota l  c a rb . /u g /m l  (phenol) 1650 340

Reducing sugar/ug/ml 600 100

N ug/ml 2500 130

T o ta l  p ro te in /u g /m l  es t im ated
from N — 825

RF d i s c  ge l  e l e c t r o p h o r e s i s A. 0.05
0.2
0.38
0.64

Skin t e s t*
0.7

Erythema 16 11
In d u ra t io n 10 8

*
0.1 ml of  1:25 d i l u t i o n  i s  u su a l ly  used in  the 

animal t e s t  and 0.1 ml of 1:100 in  human.

sp read in g ,  the l a rg e  molecules running j u s t  as f a s t  as the 

small  ones of  l i k e  charge.  The disadvantage  of  t h i s  column 

i s  t h a t  most subs tances  run very c lose  with a poor 

s e p a r a t i o n .  The advantage i s  t h a t  i t  i s  f a s t ,  and the 

e l u t i o n  b u f fe r  r e q u i r e d  i s  very d i l u t e  and easy to e l im in a te .  

An e l u t i o n  p a t t e r n  on a 8h0 ug sample corresponding to 

2 .4  ml of the  con cen tra ted  H-42 or 60 ml of 1:25 H-42 i s  

r e p re se n te d  in  Fig .  21. Pool 1 showed the h i g h e s t  peak with  

h i g h e s t  a b so rp t io n  a t  254 mu. The pools were t e s t e d  fo r
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Fig .  2 1 .—E le c t r o p h o r e t i c  e lu t i o n  p a t t e r n  of  
h i s to p la sm in  H-^2 on 7^ s ta c k e r  acrylamid g e l .
L e f t :  E lu t io n  p a t t e r n  from p re p a ra t iv e  column.
Right:  A n a ly t ic a l  gel  p a t t e r n  and dens i tom ete r  t r a c in g
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p u r i t y  by running 100 ug of each on the 7 . 5 %  a n a l y t i c a l  

columns. A l l  f r a c t i o n s  showed the  presence of the  band with 

RF 0 . 7 , pool 1 had a ve ry  l i g h t  band. Only pool 4- showed 

a band with  RF 0.38 .  All  f r a c t i o n s  were t e s t e d  fo r  p r o t e in  

and carbohydrate con ten t  as shown in  Table 4.

TABLE 4

CHEMICAL ANALYSIS OF HISTOPLASMIN H-4-2 
FRACTIONS ELUTED FROM PREPARATIVE 

ACRYLAMIDE GEL COLUMN 7  ̂ STACKER

F ra c t io n number

1 2 3 4
T o t a l /
o r i g i n a l

# Re-
covery

Tota l  p r o t e i n  ug/pool 180 36$ 185 1$0 880/840 103

Tota l  ca rb .  ug/pool 40 14$ 100 1$0 495/696 69

Reducing sugars f- -f ■f -f

T ota l  N ug/pool 108 1 50 123

Skin t e s t  d i l u t i o n 60 60 60 60

Skin t e s t  
Erythema 
In d u ra t io n

0
0

1 1.8 
9 .8

7.4
6.4

3.6
3 .6

Since a reason ab le  s e p a r a t io n  was shov/n on the 7*5^ 

s e p a ra t in g  a n a l y t i c a l  gel  i t  was chosen fo r  the p r e p a r a t i v e  

column. The advantage of t h i s  type of gel  i s  t h a t  i t  gives 

b e t t e r  s e p a r a t io n  and pure f r a c t io n s .  The d isadvan tage  i s  

t h a t  p r o t e i n  migra tes  so slowly that i t  cannot be e lu t e d  in  

a reasonab le  time in  the same g e l ,  and spread ing  of the
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bands oc cu rs .  A sample of 2800 ug corresponding to  8 ml of 

the  c o n c e n t ra te d  H-!+2 or 100 ml of 1:25 was used.  The 

e l u t i o n  p a t t e r n  i s  r e p re se n te d  in  F ig .  22. All  t h r e e  pools 

were examined on the  7*5^ a n a l y t i c a l  ge l  F ig .  22. Pool 1 

r e p r e s e n t i n g  f r a c t i o n s  1-30 has the  h ig h e s t  peak, pool 2 

( f r a c t i o n s  31-70) has a very small  peak which i n  some o ther  

columns i s  r e p r e s e n te d  by a very  small  hump. Pool 3 never 

showed a peak and i t  i s  a pool of f r a c t i o n s  71-120. When 

th ese  pools were t e s t e d  with  the  a n a l y t i c a l  column (100 ug /  

column), pool 1 showed no band while  pool 2 showed p r o t e i n  

with  RF 0 . 7 . The l a s t  pool had the  band with  RF O.38 and 

i n  most cases contaminated with the  0 .7  band. The minor 

components w i th  RF 0 .6k ,  0 .2  and 0 .05  were not  recovered .

Carbohydrate  and p r o t e i n  co n ten t  of the  f r a c t i o n s  

i s  shown i n  Table 5.

Pools from s ta ck in g  ge l  a re  d es igna ted  by 8- 1 , 8- 2 , 

8-3 , and those  from the s e p a r a t o r  A-1, A-2, A-3. Only 

f r a c t i o n s  1 and 2 along with  H-k2 were hydrolyzed f o r  amino 

ac id s  and c a rbo h yd ra te s ,  and only A-2 which has one p r o t e i n  

(RF 0 . 7 ) was s u b je c t  to  end group d e te rm in a t io n .  N eu tra l  

sugars  from carbohydrate  h y d r o ly s i s  were i d e n t i f i e d  by paper 

chromatography. The fo l low ing  s ta n da rd s  were used fo r  com

p a r i s o n :  D-glucose,  D -g a lac to se ,  D-mannose, L -fucose ,

L-rhammnose.
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Front

H 42

T u b e  N u m b e r

Fig.  2 2 . —E le c t ro p h o re t i c  e lu t i o n  p a t t e r n  of 
h i s to p la sm in  H-42 on 10^ se p a ra to r  g e l .
L e f t :  E lu t io n  p a t t e r n  from p re p a r a t iv e  column.
Upper r i g h t :  A na ly t ica l  gel  p a t t e r n  of H-42 and i t s
f r a c t i o n s  1 , 2 , 3 -
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TABLE 5

CHEMICAL ANALYSIS OF HISTOPLASMIN H-^2 FRACTIONS 
ELUTED FROM PREPARATIVE ACRYLAMIDE GEL 

COLUMN (10# SEPARATOR)

F r a c t io n  number

1 2 3 T ota l
# Re-
covery

T o ta l  p r o t e in  ug/pool 1100 ^00 600 2200/2800 78#

T o ta l  carb .  ug /pool -̂00 200 310 910/2320 39.2#

Reducing sugar + + -f

8k in  t e s t  d i l u t i o n 100 100 100 ■' ■

Skin t e s t  
Erythema 
In d u ra t io n

6.8
3.2

11.6
9.^

9 .0
6 .^

H-i+2 showed a t  l e a s t  6 spo ts  of carbohydra te .  

Mannose, g a la c to se  and glucose were i d e n t i f i e d .  Three spots  

were very  c lo se  to  the o r i g in  sugges t ing  th a t  they r e p r e s e n t  

d i s a c c h a r id e  or t r i s a c c h a r i d e  from incomplete h y d r o ly s i s .  A 

c h a r a c t e r i s t i c  spo t  with  RF 0 . 0 k  on descending and 0.75  on 

ascending chromatography, g iving brown c o lo r  with  p h th a la t e  

spray  and pink with  benzid ine  spray was found i n  a l l  f r a c 

t i o n s .  I t  was the only spot  given by f r a c t i o n  A-1 and 8-1. 

A-2 and 8-2 ( p r o t e i n  band with RF 0 .7 )  gave mannose and 

g a la c to se  in  a d d i t i o n  to t h i s  spo t .  Hexosamine was i d e n t i 

f i e d  in  a l l  f r a c t i o n s  by e lu t i n g  the  ion  exchange columns 

with  1 N HCl and t e s t i n g  by descending paper chromatography
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in c lu d in g  glucosamine as s tandard .  One hexosamine common 

to  a l l  f r a c t i o n s  was d e te c te d .

Table 6 shows the  summary of the  r e s u l t s  of carbo

h yd ra te  h y d r o ly s i s .

Amino a c id  a n a ly s i s

One m il l ig ram  H-h2 was hydrolyzed in  1 ml of HCl. 

Samples of  8-1 and 8-2 ,  each c o n ta in in g  250 ug p r o t e i n ,  e s t i 

mated by Lowry method, were hydrolyzed in  0 .2  ml of  a c id .

A-1 and A-2, 500 ug per sample, were hydrolyzed in  0 .5  ml 

a c id .  The fo l lowing  amino ac id s  were i d e n t i f i e d  in  H-h2 : 

g lu tamic  a c id ,  a s p a r t i c  a c id ,  s e r i n e ,  g ly c in e ,  a l a n in e ,  

l y s i n e ,  o r n i t h i n e ,  v a l i n e ,  t y r o s i n e ,  l e u c in e ,  i s o l e u c i n e ,  

p r o l i n e ,  h i s t i d i n e , a r g i n i n e ,  phen y la lan in e ,  c y s t e in e ,  

th reon in e  and methionine .  The same p i c t u r e  was ob ta ined  

from A-2 and 8-2.  Hydro lysa tes  of A-1 and 8-1 showed almost 

no r e a c t i o n  with n in h y d r in .

End group a n a ly s i s

N -term inal  amino ac id  a n a l y s i s . --Only A - d  was chosen 

fo r  t h i s  experiment  on the assumption t h a t  i t  i s  a pure 

f r a c t i o n ,  having one p r o t e i n  with RF 0 .7  and giv ing  a 

p o s i t i v e  sk in  t e s t .  To 300 ug of p r o t e i n  i n  10 ml of  0 .05 N 

aqueous KOH, 0.03 ml of DNFB was added. The e th e r  e x t r a c t  

of the  h y d ro ly sa te  i n  two TLC systems showed only one spot  

wi th  RF 0.22 and 1.00 which corresponds to  none of the  amino 

a c id  DNP d e r i v a t i v e s . I t  was i d e n t i f i e d  as a d in i t ro p h e n o l



TABLE 6

CARBOHYDRATE CONTENTS OF H-4-2 AND ITS FRACTIONS

Descending Chromatography Ascending Chromatography

Frac
tion

ug
hydro
lyzed

ug
used

N o . 
o f

spots
Sugar

identified
ug
used

N o . 
of 

spots
Sugar

identified
Hexos
amine

H-1+2 800 400 6 Mannose 
Glucose 
Galactose 
Pink spot RF 0.04

4oo 5 Mannose
Glucose,

Galactose** 
Spot RF 0.75

-f-

S-1 40 40 1 Pink spot RF 0.04 - - -
S-2 90 90 3 Mannose 

Galactose* 
Pink spot RF 0.04 - h

A-1 290 145 1 Pink spot RF 0.04 i45 1 Spot RF 0.75 +
A-2 3 90 195 3 Mannose  ̂

Galactose 
Pink spot RF 0 . 0 4

195 2 Spot RF 0.75 
Mannose

very light spot.
* *appeared, as one spot due to poor separation of these two sugars in ascending 

chromatography,
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spo t .  Water so lu b le  DNP f r a c t i o n  showed one b r i g h t  yellow 

spot  and two f a i n t  yellow sp o t s .  The f i r s t  spo t  ran  

p a r a l l e l  to  the  d i -D N P -h is t id ine  d e r iv a t i v e . Upon spraying 

with n in h y d r in  the  d i -D N P -h is t id ine  remained yellow while 

the o th e r  two spots  one tu rned  purp le  and the other turned 

brown sugges t ing  t h a t  they may be imidazole  DNP, and 

E-DNP-lysine or 0-DNP-tyrosine or both s ince  they have the 

same RF.

C- term ina l  amino ac ids

360 ug of p r o t e i n  as e s t im ated  by Lowry method was 

incuba ted  with  1 u l  of the  carboxypeptidase suspension  con

t a i n i n g  7 .6  ug of enzyme p r o t e i n  i n  a t o t a l  volume of ^ ml. 

A l iquo ts  of  0.4- ml were t r a n s f e r r e d  to  0 .2  ml HCl a t  the 

fo l lowing  i n t e r v a l s  of time: 1, 15, 45, 60, 9 0 , 240 minutes.

Chromatography showed two pink spots  with n in hy d r in  with 

RF 0.21 and O.18 a f t e r  1 min. The spo ts  have been i d e n t i f i e d  

as s e r i n e  RF 0 .1 8 and e i t h e r  th reo n in e  or o r n i t h i n e .  I t  was 

d i f f i c u l t  to  determine which amino a c id  was s p l i t  o f f  f i r s t .

Q u a n t i t a t iv e  amino ac id  
d e te rm in a t io n

R esu l ts  a re  shown in  F ig .  23. The unknown amino 

ac id  was es t im ated  as o r n i th i n e  but i d e n t i f i c a t i o n  should 

be confirmed. The p r o t e i n  showed a high percentage  of 

p r o l in e  and low va lues  fo r  h i s t i d i n e  and amino ac id s  con

t a i n i n g  s u l f u r  (Table 7)-
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Fig. 2 3 .— Amino acids obtained from hydrolysate of 
protein fraction with RF 0.7*
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TABLE 7

AMINO ACID8 COMPOSITION FROM HYDR0LY8ATE
OF PROTEIN FRACTION WITH RF 0 . 7

Amino ac id Micro moles x 100
Res idu es /
h i s t a d i n e

Lysine 2 . 2 3.7

H i s t i d in e 0 .6 1

Ammonia 1.3 2.1

Argin ine 1-5 2 .5

Unknown 1 .0 1.7

A sp a r t i c  Acid 6.1 10

Threonine 5 . 6 9.3

Ser ine 5.2 8 .7

Glutamic Acid 7.8 13

P ro l in e 9 . 6 16

Glycine 4 .8 8 . 0

Alanine 4.3 7.1

Half  Cyst ine 0.9 1.5

Valine 2.9 4 . 8

Methionine 0 . 6 4 .3

Iso le u c in e 1 .8 3

Leucine 0 . 6 1 .0

Tyrosine 2 . 4 4 .0

Phenyla lan ine 1 .2 2 . 0
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Discuss ion

His top lasmin  H-42 con ta ins  a t  l e a s t  5 components as 

i n d ic a t e d  in  a n a l y t i c a l  ge l  e l e c t r o p h o r e s i s .  A l l  the bands 

s t a in e d  w i th  Amido Schwarz. The bands with RF 0 .7  and 0.38 

s t a in e d  with  S c h i f f ' s  i n d ic a t i n g  the presence of  ca rb o 

hydra te  a s s o c i a t e d  with these  bands. The p r o t e i n  with 

RF 0 .7  appears  c o n s i s t e n t l y  in  a n a l y t i c a l  ge ls  of the crude 

f i l t r a t e ,  d ia ly ze d  m a te r i a l  and f r a c t i o n s  e lu te d  from 

p r e p a r a t i v e  e l e c t r o p h o r e s i s .  I t  has been recovered  from 

both s t a c k e r  and 10^ s e p a r a to r  p r e p a ra t iv e  columns. This 

p r o t e i n  has a n t ig e n i c  p r o p e r t i e s  as in d ic a te d  by the p o s i t i v e  

sk in  t e s t .  I t  i s  i s o l a t e d  in  a r e l a t i v e l y  pure homogeneous 

form as i n d i c a t e d  by the presence of one band on the 

a n a l y t i c a l  ge l  e l e c t r o p h o r e s i s .  The chemical a n a l y s i s  i n 

d i c a t e s  t h a t  i t  i s  a g ly co p ro te in  con ta in ing  mannose, 

g a l a c t o s e ,  hexosamine and n in e tee n  amino ac id s  with  h i s t i d i n e  

as W-terminus and a hydroxyamino ac id  or o r n i th i n e  as 

C - te rm inu s .

I t  i s  known t h a t  h i s to p la sm in  H.»h2 i s  a mixture of 

crude f i l t r a t e  of th re e  organisms. A g ly c o p ro te in  with 

RF 0 .7  was found in  the  crude f i l t r a t e  of S c r i t c h f i e l d  and 

Grand I s l a n d  c u l t u r e s .  The p r o te in s  from D i s t r i c t  c u l tu re  

f i l t r a t e  and NODC #267 have RF O.38 and 0.63 r e s p e c t i v e l y .

A combination of the  c u l tu r e  f i l t r a t e s  or pure 

p r e p a r a t i o n  of the g ly co p ro te in  might r e s u l t  in  high 

potency sk in  t e s t  m a t e r i a l .
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Fu r th e r  chemical s t u d ie s  on these  g ly co p ro te in s  and 

comparison with  those  ob ta ined  from H-l+2 w i l l  r e s u l t  i n  a 

b e t t e r  p r e p a r a t i o n  of sk in  t e s t  m a te r i a l  by choosing the 

s p e c i f i c  a n t ig e n  and e l im in a t in g  the u n sp e c i f i c  p r o t e i n s .

I t  was n o t ic ed  t h a t  the c o n ce n t ra t io n s  of the  major 

components of H-42 are  r e l a t e d  to each o th e r .  I f  the  so lu 

t i o n  i s  f r e s h l y  prepared and a p p l ied  to columns with  a good 

cooling  system, the  0.38 band w i l l  be dominant, w i th  l e s s  

care the  0 .7  band becomes the  more dominant, o therwise  the 

bands a re  u s u a l ly  l i g h t .  This behavior  could be expla ined  

i f  the  two bands have the  same p r o t e i n  moiety but d i f f e r  in  

the  carbohydra te  r e s id u e  which can be s p l i t  o f f  e a s i l y  with 

a change i n  e l e c t r o p h o r e t i c  mobil ity .

Sep a ra t io n  on polyacrylamide  gel  he lped in  the i s o 

l a t i o n  of some r e l a t i v e l y  pure f r a c t i o n s .  The "]% s t a c k e r  

gel gave c lo s e l y  spaced bands yie ld ing  poor s e p a r a t io n  but 

f a s t .  The 10^ s e p a ra to ry  gel  gave pure f r a c t i o n s  such as 

the  p r o t e i n  with  RF 0.7  but was slow t h a t  spreading  of some 

bands such as t h a t  of  RF O.38 occurred .

P re p -d i sc  e l e c t r o p h o r e s i s  i s  promising, a combina

t i o n  of the  two gel  systems,  or the  use of in te rm e d ia te  ge ls  

such as 5^ sepa ra to ry  p r e p a r a t iv e  column w i l l  give b e t t e r  

r e s o l u t i o n  of the a n t ig e n  components by al lowing p r o te in s  

with  l a r g e  molecular s i z e  to  pass more e a s i l y  than 10^ 

s e p a r a to r  g e l .



CHAPTER VI 

smmRY

H is top lasm in  has been su b jec ted  to  v a r iou s  f r a c t i o n 

a t i o n  and c h a r a c t e r i z a t i o n  procedures .  The fo l low ing  con

c lu s io n s  can be drawn:

1 . The Histoplasma i s o l a t e s  a re  not  the same; they 

d i f f e r  i n  t h e i r  growth r a t e s ,

2. A n a ly t i c a l  polyacrylamide gel  e l e c t r o p h o r e s i s  of 

c u l tu r e  f i l t r a t e s  showed t h a t  each i s o l a t e  has i t s  c h a r a c t e r 

i s t i c  p r o t e i n  p a t t e r n  which i s  d i f f e r e n t  from t h a t  of  c u l tu r e  

f i l t r a t e s  of o ther  fu ng i .

3 . Age of c u l tu r e  i s  very  im portan t  i n  p repa r ing  

h i s to p la sm in .

4. A very small amount of the  a n t ig e n ,  as low as

0.05 ug of  p r o t e i n ,  i s  s u f f i c i e n t  to give a good sk in  r e 

a c t io n .

5 . P re p a ra t iv e  polyacrylamide gel e l e c t r o p h o r e s i s  

gave good s e p a r a t io n  of  c u l t u r e  f i l t r a t e  components although 

the  r e s o l u t i o n  was more e f f i c i e n t  w i th  some i s o l a t e s  than 

with o t h e r s .

6. H-42 h i s to p la sm in  i s  a mixture of d i f f e r e n t

p r o t e i n  components of  which one i s  a g ly c o p ro te in .
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