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Bun. N. 510Lk\*I. I, 166,172 (1958)

Biochemical Studies on the Murine Leprosy Bacillus

Departme"! of Le/, o9, , Re"arch 1,131i!"Ie for Microbi@! Dire@J, J, 0$aka Uni, eruly
and Departmen! of Demia!o10gy, Osaka Uni"erri4y Medical School

SUMMARY

I) Enzyme activity of My606acte, jam leprae in"rillm was examined in asparagine and aspartic acid,
and it was found that asparagine is converted to aspartic acid with freeing of ammonia. It was also
shown by studies with the Friedman-Haugen method that transamination takes places between
aspartic acid and tt-ketoglutaric acid to give oxalacetic acid. So in urine Iepi'OSy bacillus was found
to possess asparaginase and transaminase.

2) The presence of catalase and peroxydase of MycoJacterii, in Iep:@; in"ri"in was substantiated
but nitrate reductase and amylase were not found.

3) The attempt was made to adapt Ivycobacteri"in leprae inari",, I to several organic acids, but
results suggestive or production or existence of adaptive enzymes were not obtained by incubation
for I hour,

TONETARO ITO AND RYuzo SONODA

111 . Enzymic Activity

IRecei, ed 167 publit@!foil, Aru, ,in ber 25, 1958)

INTRODUCTION

The rcsults or studies on substances which accelerate the respiration of
in urine leprosy bacilli have been reported in a previous paper and in the present
report, the enzymatic activity of the bacillus was investigated. There are few
studies on the enzymatic activity of the in urine leprosy bacilli and only 2 or 3 are
round on review of the literature. Terada at a1. (1936) conducted studies with
marine leprosy bacilli collected by centrifugatioiT of Ieproma and reported that
catalase and Iypase were present but oxydase, and oxydative enzymes of glucose,
galactose and Ievurose could not be found. Toda and Urabe (1936) conducted
a similar study and confirmed the presence of catalase. Yoshinaga (1943) has
shown that a minute quantity of lecithinase is also present. Recently Gray (1952)
has examined the effect of more than 50 different substrates, including serum
albumin, on the respiration of the in urine leprosy bacillus and reported that serum
albumin has a respiration accelerating action. But as an Increase in ammonia
which should occur on bleakdown of the substrate \\, as not found, it \\, as suggested
that this was due to an enzymatic action or the bacillus.

As stated in Report 11, the respiration of the in urine leprosy bacillus was
intensified by asparagine. <1to, T. , Sonoda, R. ; 1958) On the basis of this, studies
were conducted as to \\, he ther this bacillus possesses an asparagine decomposing
enzyme. Studies wei'e also conducted o1T several other enzymes and on the adapta-
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BlocHEMicAL STUDIES OF itURINE LEPROSY BACILLUS 111.

tion of the bacillus to some organic acids. The results are presented here.

EXPERIMENTAL

The bacilli used in the experiments were isolated from marine leprosy Ieproma
by the method presented in Report I. <1to, T. , Sonoda, R. and Kosaka, K. ; 1958>

I. AJIaragine Drumi"ajio?I ACliriO'.
The presence of asparaginase \\, as examined by reacting in urine leprosy

bacillary suspension with M/10 asparagine in a \Nai. burg manometer at 37'C for 2
hours under shaking, then measuring ammonia quantitativeIy \\. Ith Conway s
unit. (1950)

prepared so that each contained tlieMethod : Two \\'arburg vessels (A and B)
following.

A

at ajy '\:'" b, rr, , ( H8.0) 0:5mj I (Main "ha, b, ,,
0.2ml (Side arm ajiM/10 a, paraginc
0.3ml (Side a, in a. )5096 sulfuric acid

aci 'j, h: burr , HB. 0) 0:5ml I ("'n Chamber)
0.2ml (Sid. a, in b, )A4/10 asparagine
0.3ml (Side a, in b, )5006 sulfuric acid

In vessel A, the contents of side aj \\, cre combined from the in 51 while that or side arm bj or
tube B was not and the vessels snaken IUT 2 hours at 37'C. After shaking, the 5090 sulfuric acid
solution in side arm a . of vessel A was tipped in and the ammonia e\'o1\. cd, caught as the
ammonium sulfate. In vessel B, the 5096 sulfuric acid in side arm b, was tipped in and then the
contents of side am bj added. This was the control

Two Conway's units (I and 11) were prepared and the 10/10\\, ing placed in the innci' and outer
dishes respectively

Outer DishInner Dish

2cc or content or A, then ICc o15096 NaOHI. 2cc of 1</100I-i, sO. ,
2cc of content or B, then ICc of 5096 NaOH11.2cc of NIIOO H. Sol

11 was the control. In the above procedurc, the lid must be fastened Iirompily and tightly after
addition of the NaOH, before the sample and NaOH can come into contact and mix. After leaving
overnight at room temperatur, the ammonia which has been translered to the inner dish 15 colonzcd
with Nessler's reagent and measured will, the SPCctrophotomeier

Refill/J : As shown in Table I, thc evolution of ammonia Is significantly higher
compared to the conti'o1 when asparagine Is used as the substrate, proving the
presence of asparaginase.

Table I. Ammonia Production from ASPorcgine by Murine Leprosy Bacilli

No. 3No. ?No. IExperimenl No

120120120Reaclion Time jinin. I

370C370C370CTeinpe ratu r e

B

were

167

pH

A'somple

B-Sample

Differe rice

8.08.0

4511M I 3.4 "M

2.6 PM 2.6 PM

1.9 PM I 0-8 PM ,

_ __I

-

8.0

3.0 AM

2.4 PM

o. 6 KM
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11. AJI@71ic acid Iran$@mina!ion actiui4y
Whether transamination between or-ketoglutaric acid and a

action of transaminase of in urine leprosy bacilli takes place with th f .
of oxaloacetic acid was examined by measurement of ruvic 'd ,' h
F"iedmann-Haugen method. (1943)

Method: The following were placed in each of three tubes, A, B d C
A B

0.2ml 0.2ml

0.2mj

2.0ml

3.6ml

M/10 tt-ketoglutaric acid
M/10 aspartic acid 0.2ml

M/5 phosphate buffer (pH 8.0) 2.0ml 2.0ml

Bacillary suspension 3.6ml 3.6ml
Distilled water 0.2ml 0.2ml

B and C were controls. The tubes were shaken for 2 hours at 370C It h' h h
was stopped by adding 0.1ml of 5096 acetic acid to each. The sam Ies w th 'I'
heating the tubes in boiling water for 5 minutes at 100'C. To A was add d 0.2 I f d' '
water, to B was added 0.2ml of aspartic acid while 0.2ml or tt-keto Iutaric a 'd dd d
After centrifugation for 20 minutes at 10,000 r. p. in. , the su ernatant was I k d h
acid measured colonmetrically according to the Friedmann-Haugen method. The h d '
presented below.

I) To 5.0ml portions of A, B and C was added jinl of previousl re ared anilin i r
(equal quantities of aniline and 50% citrate combined), and the mixture shaken for 15 minu
at 370C

2) To each tube was then added 0.5ml of 2-4 dinitrophenyl hydrazine rea ent (350m 2.4
dinitrophenyl hydrazine dissolved in 20ml concentrated HCl b heatin , dist'11 d dd d
make the total volume looml) and shaken for 10 minutes at 370C

3) Ten in I of xylol was added and the tubes shaken well by hand (about 60 limes) and the
pyruvic acid which has been formed transfered to the xylol layer.

4) The xylol laye" was drawn off and washed by adding 5ml N/2 HCl and shakin .
5) To 5ml of the xylol layer was added 5ml of 1096 sodium carbonate and shaken.
6) The sodium carbonate layer was drawn off, 2ml of 4N NaOH added, the mixture h k n

and colonzed. After leaving for 20-30 minutes, spectrophotometric measurements w ' d
RerunJ. . As can be seen in Table 2, the enz inIC activit is v t

Experiments 3 and 4 in Table 2 show the results obtained with bact r' H d
after treating \\, ith 0.1% trypsin for I hour at 37'C. The data su ests that the

Tuble 2. Tronsominotion between Aspartic acid and or-ke*o91utoric Acid

C

Method of Collection of Bacilli

Reaciion Time jinin. I

Temperature

A. Experimental Sample

B

pH

C

NO Aspartic acid

No tt-ketoglutoric acid

Exp. I I Exp. 2 Exp. 3 Exp. 4
Centrifugation Method Trypsin Method ,

120

370C

8.0

120 120 120

37'C 37'C 37'C

8.0 80 8.0

27.67/in I

0,471mj

^^==:^--

I 29,611m1 I 17.67/inI 13.21 Imi '
I---_,_-__--_ _. LiI 2471m1 I 4071m1 4671ml I
~ I~~ ~~ ----^ ---^---

I 2471m1 I 2871m1 14,671ml I0471mj
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aspartic acid transaminase or in urine leprosy bacilli is destroyed to some extent
by treatment with trypsin. Chart I shows the above chemical reactions schematically.

NH, *'~I
ASP. rlic o0d

111. GalajaJe nthi'i4J
The catalase activity or the marine leprosy bacilli has already been shov. ,n

by Terada et a1. (1956) \\. ith the potassium permanuanate methocl and micro-
*c, pic method and has been substantiated by Toda and U"abe. (1936)

\\'c measured the O. , evolved quantitativcly with the \\'arbura manometer
when H2O2 Is decomposed by in urine leprosy bacilli.

MeIhod : In the mail, chamber of the Warburg vessel was placed 2.0ml of bacillar sus ension,
and 1.0ml of M/5 phosphate burre" (pH 7.2) and 0.2ml of 20961<01{ war placed in th" cente" well
while 0.4ml of 0,0396 H"0. . was placed in the side arm. This \, essel was shaken at 370C ' th
water bath and tlle 2 hotirs valuecl read by the direct method

Experimental Results

As can be seeit in Figurc 2,0. is evol\, ed, showing that in urine Iepros bacilli 11as calala
activity

Fig. ?. Cataloge Activity of Murine Leprosy Bacilli
10.03% H=0. ,ub, trotej

Fig. I. Scheme of Transominafion Process

As pologine

a-Keioglu!uric .cid ^ Gluiomic DC1d

NH,

Oxolo. cellc .cid

Arithne o11.1e added

Pyruvic cud

T69

O, Uplake

40P!

30"!

20"I

lop!

37.5

IV. Peroxidase Activity
Activity of this enzyme was

cxamined qualitative Iy on filter
paper using orthotolidine.

Experimental Method
I) Small pieces or filter paper were

soaked in a 5007/inISOlution of ethylene
diamine telraacetate and dried at room

temperature (for. the purpose of re-
moving the catalytic action or metals
contained in the paper).

2) A drop of bacillary suspension
was placed in the center of the dried
filter paper

3) One drop of 1096 orthotolidine-
glacial acetic solution was then placed
in the center of the filter paper.

4) Then I d, op of 0.1596 H, 0* was
added

5) When peroxidase is present a
bluish-green color becomes apparent

10 20 30 40 50 60 70 80 90 100 110120
_^ lime min. I
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Refill!s. . A bluish-green spot, showing the presence of peroxidase, \\. as obtained.
V. Nitro!e Redttc/a$e

The following method was used to investigate this enzyme.
Method :

Reagents
a) M/10 NaNO3

by M/10 phosphate buffer (pH7.0)
c) 196 Sulfanilamide (Ig SIJlfanilamide dissolved in 75ml of distilled \vatei and 25ml or

conc. HCl then added)

co 0.02% N-(I-nayhthyl) *Ihyl"ridi, min, byd"0. hlo, id"
Bacillafj, Suspension : 40mg/in I suspension in distilled water
Procedure

I) In a T'urnbe"g's tube we, e PIac"d 1.0ml of M/10 NaNO3,2.5ml or M/!O phosphate buffe"
and 1.5ml or bacillary suspension. The tube was attached to a vacuum pump and air drawn off

2) In the control, 1.5ml distilled water was added in place of the baciliary suspension.
3) The mixture was shaken for 3 hours in a 37'C constant temperature room
4) The reaction was stopped by adding 0.5ml or glacial acetic acid
5) The mixture was filtered to remove the organisms
6) To 1.0ml or the filtrate was added 1.0ml of 196 sulfanilamide and 1.0ml of 0,0296

N-(I-naphthyl) ethylendiamine hydrochloride
7) A red color coinpaied to the control is seen when nitrate reducing enzyme is present

Refill!5 . No difference in color was noted compared to the control showing
that nitrate reductasc \\, as absent.

Vl. A1ny!are
Amylase has al"eady been studied by Tc"ada at a1. (1936) with the \Nohlgemuth

method and it has been reported that this enzyme is not present in in urine leprosy
bacilli. we studied this enzyme by the following method.

Me!frod :

Reagents

a) 0,496,0.2% soluble starch solution
by M/5 phosphate buffe", pH7.0
.) Iodine solution (Ig I, 2g Kl, looml distilled ware, )

Bacillary suspension : 40mg/in I suspension in distilled water
Procedure :

I) To 2.0ml or 0.4% and 0.2% soluble starch solution in separate tubes were added 0.5ml
M/5 phosphate buffer and 1.5ml of bacillary solution

2) In the control, the bacillary solution was heated for 30 minutes at 85'C.
3) The mixtures were shaken for 3 hours at 38'C in a water bath
4) The cells were removed by filtration
5) To 2.0ml of the filtrate was added I drop of iodine solution
6) The purplish blue color which is produced was compared to that or the control

Refill/5

No difference was noted between the control and the 0,496 or 0.2% starch
solution. In other words, amylase was not present as reported by Terada et al.

Vll. Aralia!io" of the IWmine Lepi'Dry Brrci!IIJr 10 Some Orgu"if AndJ.
The in urine leprosy bacillus was adapted to some of the organic acids involved

in the TCA cycle. The effect of these organic acids on the respiiation of the

ITO AND SONODA
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adapted bacilli, \\. hen used as the substrate, was measured by the direct nicihod
\\'ith the \'\'ai'burg n, anometer. Results suggesting the PIOduction 111 piescncc or
adaptive enzymes to\\. ards the organic acids wei. e not obtained

Me!frod

Substrate

(a) Sodium citraie,
(b) succinic acid,
(c) glutamine,
(d) asparagine,
(e) aspartic acid

Bacillary solution : 40mg/in I suspension in distillcd \\, alei
Procedure

The bacilli \\, ere adapted by combining bacillaiy suspension, M/'5 piiospliatc bullci (pH7.21
and A{/10 substrate in a test tube in a ratio of 10 : 4 : I and shaking for I 110ur at 37'C

The mixture was then centi'iruged at 10,000 r. p. in. for 20 minutes, Ihc scdimcni washed
for 20 nilnuics to reinovc allseveral limes will, distilled water by centrifuging at 10,000 r. p. in

the substrate and the final sediment resuspcnded in distilled \\, atei
The oxygen consumption of the treated bacilli was me asurcd with litc \.\ at burg maltoructci.

according to the mehod presented in Report H using the various o1'ganic acids as the subsit'ale
Results

As shown in Table 3, adaptaion phenoemnon was not obscrvcd

Table 3. Adcpiaticn of Murine Leprosy Bacilli to Organic Acids

Adoptoiion PhenomenonSubsiroie

NegoiiveM/10 sodium ciiroie

M/10 succinic acid

M/10 glutamine

M/10 asporogine

M/10 asporoginic acid

DISCUSSION

o1' theMany reports have already been published o11 the enzyme systems
tubercle bacillus but studies in this field are re\\, in the case or leprosy and inui'inc
leprosy due to the Inability or obtaining pure cultui. es or these organisms.

Hanks and Gray <1951,1954) have measured the hydrogen transfer capacity o1'
in urine leprosy bacilli isolated from the Ieproma and the effect or vaiious sub-
strates on the internal metabolism of the bacilli Is discussed but the unzymic

related to external metabolism has not been considered.activity
accelerated the I c-In a previous experiment it \\, as noted that aspai'agine

spii. allon of the in urine leprosy bacillus and on the basis or this, experiments werc
conducted on the enzymic activity. It was found that asparagine is convei. led to
aspartic acid \\, ith the evolve merit of ammonia by the action of the bacillus and
furthermore transamination takes place betwecil the aspai. tic acid and or-ketoglu-
tanc acid and oxaloacetic acid is produced.

^

,/

,I

,/

,I
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In other words, the presence of asparaginase and transaminase was confirmed.
This finding strengthens ou^ assumption that the in urine leprosy bacilli, though
weak, possesses a metabolic system similar to other mycobacteria, and is believed
to be of value in studies of this type.

Studies were also conducted on catalase, peroxydase, nitrate reductase and
amylase. Catalase and peroxydase were proven to be present but the others could
not be found. The production of adaptive enzymes by the bacillus against several
organic acids related to the TCA cycle was investigated but no enzyme production
was found on incubation for I hour' Enzyme production however, may take place
with a 10nuer period of incubation but this must await further investI, ation. This
shows that external metabolism by in urine leprosy bacilli is difficult but in view or
the fact that respiration is accelerated by the addition of liver or testis extract to
succinic acid which alone had no accelerating effect it is suo'gested that aspartic
acid and oxaloacetic acid may be utilized as a substrate or some coenzyme is
added.
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