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Information concerning the chemical consti- 
tution of leptospires is sparse and contradic- 
tory. Failure to find discrete basophilic ma- 
terial within the cells( 1) and the low index 
of refraction characteristic of the organisms 
led certain workers(2,3) to conclude that the 
leptospires do not contain nucleoproteins or 
nucleic acids. This is not in accord with the 
modern concept (4) of nucleoproteins as 
necessary participants in the growth and 
multiplication of cells. 

Investigation of the chemical constitution 
of Leptospira icterohemorrhagiae ( Wijnberg) 
in this laboratory indicates that nucleic acids 
are present in the organisms in appreciable 
amounts. and that the nucleotide material may 
be extracted in mixture with a serlogically 
specific antigen. 

Experimental. Leptospira kcterohemorrhag- 
iae (Wijnberg) was propagated for 10 to 11 
,days at  30'C in Stuart's medium(5) enriched 
with 7.572 normal rabbit serum containing 
a small amount of hemoglobin, Seitz filtered 
and incubated at 56°C for 40 minutes prior 
to use. 2 0 0  ml aliquots of medium were seed- 
ed with a 20 ml inoculum of a 7-day culture. 
The leptospires were havested by centrifuga- 
tion at  20.000 to 80,000 x g, washed twice and 
resuspended in isotonic phosphate buffered 
saline solution (pH 7 )  to 270 of the original 
culture volume. The average yield of organ- 
isms was 64 mg (dry weight) per liter of 
culture liquid. The resuspended organisms 
were disintegrated by the addition of an equal 
volume of a solution containing sodium chlor- 
ide (0.1 >I), sodium citrate (0.2 M)  and 
sodium desoxycholate (0.4%) ( 6 ) .  After 
standing at  room temperature for two hours, 
the suspension was held at 2-4°C for 18 to 24 
hours. After complete disruption of the cells 
by this process, the suspension was shaken 
with one-half volume of a mixture of four 
parts chloroform and one part normal amyl 
alcohol(7i. The biphasic mixture was al- 

lowed to stand for several days at 2-43C, and 
then separated by low speed centrifugation. 
The slightly opalescent aqueous phase was 
carefully separated. The chloroform phase 
was re-extracted with a small portion of the 
disrupting fluid and the aqueous extracts com- 
bined. The preparation at this stage was 
designated Fraction 1 and after further puri- 
fication by three more consecutive extractions 
with the chloroform mixture was labelled 
Fraction 1-A. The preparations were dialyzed 
in Visking cellophane bags against 0.15 M 
NaCl solution or phosphate buffered saline 
(pH 7.3), for several days and were reduced 
in volume by pervaporation. The final volume 
after dialysis was 3 to 7% of the original 
volume of the culture. To 25  ml of a prepara- 
tion of Fraction 1 containing 0.83 mg desoxy- 
pentosenucleic acid and 0.55  mg pentose, as 
d(-) ribose, was added MgC12 to a concen- 
tration of 0.024 M, and 0.5 and 0.2 mg crys- 
talline ri bo-and desoxyribonuclease,* respec- 
tively. The reaction mixture was incubated 
at  37°C for 4 hours. The product was trans- 
ferred to a Visking cellophane bag and then 
dialyzed in the cold against frequent changes 
of 0.15 M NaCl solution. The final product 
contained 0.50 mg-pentose. The products were 
tested as complement-fixing antigens against 
known hyperimmune rabbit sera by a pro- 
cedure described by Kolmer, et a l . , ( 8 ) ,  em- 
ploying one-half volumes. Total solids were 
determined by drying aliquots to constant 
weight at 95-105"C. The dry weight of the 
cells and extracted material was estimated as 
the difference between the weights of the total 
solids in ,the preparations and in aliquots of the 
corresponding diluents. Total nitrogen deter- 
minations were done by a modified micro-Kjel- 
dahl procedure using a K2S04 -CuS04 diges- 
tion catalyst. Total pentose was determined 
spectrophotometrically with the orcinol re- 

* Worthington Biochemical Laboratory, Freehold, 
X. J. 
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TABLE I. Tield and C'omposition of Fraction 1 of Lcptospirci icterohemorrhagiae (Wijnberg) .* 
Starting Ieytospirae --- Fraction 1 I 

Ill.?- wt Tield (as d- 
vf cP11s S. d i i l s  S. I' . ribose) DNA$ 

Pentose t 

111 g-- - Prqiaration ~ - ~ -  > 

.-J .-J -.- 
2.1 
2.1 
3.3 

'5.1 
5.4 

2i.4 

l.W 
t.i.23 

*> .7 0.- 

1.5 
9.2 
2.8 
4.5 
4.3 
8.1 

2.1 1Cl.O 
33.4 
2.31 
i.58 

1.2 
1.4 
2.2 
4.2 
2.0, 
7.8' 
8.2 

27.0 
1.87 
6.15 

- The ncm-clialyzal~le 1el)tospiral substance is negatiw to biuret and ninhydrin tests but gives 

+ The colored reactic~n product of Orc.iiiol-HCl-FeC1, reagent with Fraction 1 measured spec- 
lw4tiw Noliscli reaction. 

agmt of Kerr and Seraidarian ( 9).  using d ( - )  
ribose as the reference standard. Desosypen- 
tosenucleic acid (USA)  was estimated by an 
adaptation of the Dische diphenylamine reac- 
tion ( 10). Phosphorus determinations were 
made by an adaptation of the method of 
Gomori ( 11 ) . The Beckman DU Spectropho- 
foiiieter was used to obtain ultraviolet absorp- 
tion spectra of the preparations. 

Results. Seven preparations of L. ictero- 
hctnorrhagiae ( Wijnberg) yielded 1.4446 g 
dry weight of cells. The total nitrogen con- 
tent of the leptospires was 94.0 mg or 6.5% 
(by weight). Fraction 1 contained about 
30p of the total solids of the organisms and 
included an appreciable quantity of a non- 
dialyzable polynucleotide moiety. The chemi- 
cal constitution of Fraction 1 is presented in 
Table I. The non-dialyzable substance con- 
taining the active principle from L. ictero- 
hetrzorrhagiae shows pronounced serological 
reactivity with homologous hyperimmune rab- 
bit serum. Cross-reactions of a reduced order 
are noted in tests with antiserum for Lepto- 
spira canicoZa. Serological cross-reactivity with 
Lcptospira batazvke antiserum is negligible. 
Representative data of two preparations were 
obtained by semi-quantitative complement- 
fixation titrations and are summarized in 
Table 11. Results of a typical titration are 
shown in Table 111. In  some of the tests 
conducted a well defined zone of inhibition was 

iiiodifieal liroceilure of Disclie's diphenylamine 

TABLE 11. C'omplement-Fixation End-Points of 
Fraction 1 of Leptospira icterohemorrhagiae 

(Wijnberg). 

Hyperimmune rabbit sera employed" 

r7iagiae canicola bataviae 
-1iitigeii L. ictero7te?nor- L. L. 

tlilut t.d 1 : 

Complenient-fixation end-points 
>650 200 20 
> ti 5 1) 80 10 
>d.SO 4 0 1 
>GO 40 1 

. j011 10  1 
1t 1 0  0 
IJ : 0 0 

bti0 960 960. 
960 4810 40 
9 A0 240 30 
960 1 2'0 15 
330 30 I 
160 1 1 

13 1 0 

Figiires represent. reciprocals of highest dilu- 
tions of antisera reacting with corresponding 
amounts of the antigen, 

+ S+ to 4+ complement-fixation reaetion with 
undiluted antiserum, but complete or nearly com- 
l'lete heniolysis in the next serum dilution tested 
(1 :ill). 

Complete or nearly complete hemolysis on test- 
ing with nndiluted antiserum. 

$ Slightly anti-c~mplemeiitary at concentrations 
of antigen indicated. 

noted in the region of antigen insufficiency. 
Enzymatic hydrolysis of Fraction 1 with: 

crystalline ribo-and desoxyribonuclease alters 
the ultraviolet absorption spectrum, but does 
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TABLE 111. Titration of Fraction 1 of L. ictero- 
h.eniorrhagiae 1vit.h Homologous Hyperimmune 

Serum.* 

Homologous hyperimmune serum 
Fraction 1 diluted 1 : 
d i h t e d l :  1 10 20 40 80 160 320 640 

1 4+ 4+ 4+ 4+ 4+ 4+ 2+ - 
2.5 4+ 4+ 4+ 4+ 4+ 4+ 4+ - 
5 4+ 4+ 4+ 4+ 4+ 4+ 4 + t -  
10 3+ 3+ 4+ 4+ 4+ 4+ 4+ - 
20 n+ 4+ 4+ 4+ 4+ 3+ - - 
40 - 2+ r+ 3+ f - - - - - - - - _ - -  80 

+ According t.0 the method of Kolmer, et aL(8 ) .  
t Optimal reactivity at a concentration of anti- 

gen corresponding t o  0:0026 nig of pentose, a dilu- 
tion of 1 to 380000. 

not entirely degrade the polynucleotides. The 
immunologically-reactive component retains 
its total activity and remains non-dialyzable. 
The active principle resists the proteolytic 
action of trypsin. It is resistant to the action 
of hemicellulase. After heating the product 
at 100°C for one hour, there is no appreciable 
reduction or alteration in immunological ac- 
Itivity. Fraction 1 affords negative biuret and 
ninhydrin tests, but a positive Molisch re- 
action. 

Ultraviolet absorption spectra of Fractions 
1 and 1--4 (Figure 1 )  show absorption maxima 

in the region of 258 millimicrons which is a 
characteristic property of nucleoproteins and 
nucleic acids. The absorption spectrum of 
Fraction 1 resulting from hydrolysis with a 
mixture of crystalline ribo- and desoxyribo- 
nuclease is shown in Fig. 2. 

Disczcssion. The rationale for this study is 
based on the strong evidence of the associa- 
tion of nucleic acids with dynamic aspects of 
bio-synthesis of type-specific polysaccharide 
antigens and properties of virulence of certain 
microorganisms ( 12 ) . The procedure applied 
to the viable cells of L. icterohemorrkagiae was 
selected for use because it involves a type of 
cellular disintegration which apparently causes 
negligible damage, if any, to highly polymer- 
ized, viscous forms of desoxypentosenucleic 
acid. The method possesses a distinct advan- 
tage. It avoids the dangers of degrading native 
cellular constituents of the leptospires as might 
be expected from heating or hydrolysis by 
strong alkaline and acid reagents. Every ef- 
fort has been made not to damage the thermo- 
stable, serologically active antigen (s) inherent 
in the living leptospires. Fraction 1 contains, 
in addition to the active principle, a soluble 
and non-dialyzable polynucleotide moiety. 
Whether the immunologically-reactive sub- 

Microgroms DNA per ml. 

0 Fraction 1 12.5 

A Fraction L.A 12.5 

8.3 

2 i o  260 2;o 2;o 
I 

m u  
PIG. 1. Ultraviolet absorption spectrum of polynucleotide from Leptospira ioterohemorrhaghe 

(Wijnlerg). 
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FIG. 1. Ultra~-iolet absorption spectrum of Frac- 
tion 1 of Leptospira icterohemorrhagiae before and 
a,fter hydrolyis with a mixture of crystalline ribo- 
and desoxpribonuclease. Curl-e 1. Untreated mate- 
rial at a concentration of 11.1 pg of DSA/ml. 
Cturve 2. Same material after 4 hr hydrolysis with 
the mixture of the enzymes. Curve 3. The second 
C U P P ~  minus the optical density of the enzyme 
blank. E, is based on 0.15 M NaCl solution. The 
compleiiient-fixation antigen was unaff czcted and 
reacted a t  a concentration as low as 0.002 mg pen- 

tose/nil, a dilution of 1 t o  500000. 

stance and polynucleotide exists as a mixture 
or a chemically-bound complex has not been 
clearly established. Since crystalline nucle- 
ases fail to inactivate the immunological prin- 
ciple! it would appear likely that the polynu- 
cleotide is not the determinant of activity of 
Fraction 1 of L. icterohemorrhagiae. The 
active principle of Fraction 1 is resistant to 
digestion with trypsin. The latter fact, sup- 
ported by the failure to react in the biuret 
test and in a sensitive test like the ninhydrin 
reaction: virtually indicates that the active 
substance is not protein. 

Reaction products of orcinol and Dische 
diphenylamine reagents with Fraction 1 in- 
dicate the co-existence of pentoses and desoxy- 
pentose-nucleic acid.+ Enzymatic treatment 
of the polynucleotide substance singly or with 
a mixture of crystalline ribo- and desoxyribo- 
nuclease is accompanied by a marked decrease 
in absorption a t  258 mp, thus qualirtatively 
confirming the presence of both types of 
polynucleotide. Since the cells were grown 
on a medium devoid of nucleotides and were 
thoroughly washed prior to extraction, it may 
be concluded on the basis of the evidence 
presented that the organism of L. icterohemor- 
rhagiae contains substantial amounts of poly- 
nucleot ide material. 

Pentose may be a constituent of the deter- 
minant of serological reactivity. Concentra- 
tions of 5.5 to 11.1 pg of pentose, as (d-) 
ribose: per ml of antigen (of which 0.25 ml 
is employed in the complement-fixation test) 
have repeatedly given maximal activity with 
homologous hyperimmune serum. 

The presence of immunologically-reactive 
nucleoproteins and serologically-active pen- 
tose-associated polysaccharides is not a rarity 
among bacteria( 13-17) .  The leptospires do 
not appear to differ greatly from other bacteria 
in this respect, a fact which may have some 
bearing on their disputed classification( 3 ) .  
The chemical complexity of the leptospires was 
noted at  an early date by Noguchi( 18). The 
latter author clearly established the existence 
of distinct serological types in this group of 
spirochaetes. 

The chemical nature and properties of the 
determinant of immunological reactivity asso- 
ciated with Fraction 1 of L. icterohemor- 
rhagiae and similar fractions from other sero- 
types of leptospires are now under study in 
this laboratory. 

Summary. Suspensions of viable cells of 
Leptospira ictero hemorrkagiae ( Wijnberg) 
were disrupted with an equal volume of a 
solution containing 0.1 31 NaCl, 0.2 M sodium 
citrate, and 0.4% sodium desoxycholate. An 
immunologically- reactive, non-dialyzable sub- 

t -1 small amount of thymine was obtained out of 
impure starting ,material and was identified by 
chromatographic and spectrophrotometric analyses. 
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stance (Fraction 1) was prepared by a pro- 
cedure which avoided heating and use of 
alkalis and acids. The active principle was 
isolated in mixture with a non-dialyzable 
polynucleotide moiety. The organism of L. 
icterohemorrkagiae contained an appreciable 
amount of the polynucleotide substance and 
was composed of pentose-as well as desoxy- 
pentosenucleic acids. Crystalline ribo- and 
desoxyribonuclease altered the absorption 
spectrum of the nucleotide, but failed to 
inactivate the antigen. On the basis of the 
latter evidence it appeared likely that the 
polynucleotide was not the determinant of 
immunological reactivity. The active prin- 
ciple resisted the action of trypsin, hemi- 
cellulase and was not destroyed by heating for 
1 hour a t  lW°C. 
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Department of Veterinary *Clinical Pathology for 
the Iprformance of the complement-fixation tests 
and to the Department of Veterinary Bacteriology 
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Effect of Pantothenate Deficiency on Synthesis of Adrenal Cholesterol 
Following Stress.* (20210) 

MARY E. DUMM, HERBERT GERSHBERG, EDITH M. BECK, AND ELAINE P. RALLI. 
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The occurrence of pathological changes in 
the adrenal cortex of young rats maintained 
on diets deficient in pantothenic acid is well 
established ( 1-3). The functional capacity of 
the adrenal cortex is also impaired in this de- 

* This investigation was aided by a grant from 

ficiency as indicated by the absence of a 
lymphopenia following swimming or ACTH 
(4,5), the absence of an eosinopenia following 
epinephrine or ACTH ( 5 )  , and a decrease in 
glycogen deposition in the liver during fasting 

~- or anoxia(6,7). I t  has been inferred that this 
functional impairment m0y be related! a t  least 
in part, to low levels of adrenal steroids in the the Josiah Macy, Jr., Foundation. 


