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BIKE\'s JouR\AL 4,225-233 (1961)

Carbohydrate Metabolism of the Murine Leprosy Bacillus
I. Studies on the Respiratory Enzyme System, especially the

Diaphorase and Malic Dehydrogenase Activities

TATSUO MORI, KENJI 1<0SAKA AND TONETARO ITo

I) T}Ie n, urine leprosy bacillus Ilas cliphosphopyridinc I, uclcotidc and diaphorasc I and 11

2) \'\'hole cells or LITc in urine leprosy bacillus do not Litilizc cxterilally added reduced diphospho-
pyridine nucleotide or redticcd triphosphopyridinc nuclcotidc

3) Rcduced diphosphopyridinc nucleotide is scarcely oxidizecl by an cxtract of gratincl in urine
leprosy bacilli

+) There is Inalic tichydrogenasc activiiy in cxiracis of grouncl in urine ICprosy bacilli but triosc-
phDsphatc dehydrogcnasc anti succinic dehydrogcitasc activities \VCI'c not found

acti\, 111es

DC, an men! of Leprosy, R"e", t/I 1/13/'11, Ie for
A1^^rob^^! Di'fedJeJ, Or"ka Uni, enjo, OJnk"
(RE, ei, 8/10r A1bti, ajio", 0, lober 16,1961)

Determination of the carbohydrate sources utilizecl I)y the nTurine leprosy
bacillus is important basic knowledtre for. the cultivation of this microorganisms,
but until no\\, studies have been tinsuccessful. Using the Warburg method Gray
(1952) studied the effect of numel. ous carbohydrates witlT inurine leprosy bacilli
isolated from infected tissues and stated that almost no oxidation took place. Ito
and Sonoda (1958) confirmed this similar in experiments and found that a sub-
stance accelerating respiration Is present in dried yeast extracts and Infected

Tamemasa and Tsutsumi (1958) examin. ed the dehydrogenase reactiontissues

of numerous carbohydrates under ariaerobic conditions using the Thunberg tube
and reported that except \\, ith certaiiT substrates only negative results were obtained.

The authors examined the respiratory enzyme systeiTT especially the diaphorase
activity, cytochrome systein and in alic dehydrogenase using intact bacilli and
extracts of ground bacteria. Thc interesting Iesults are presented ILere.

SUMMARY

INTRODUCTION

I\fun"e 141,104r barn!!!$

Titc ICpromas \\, ere collected + n, on Ihs after inoculation or the Kumamoto strain into rats.
Titcy were itDinogenized in distilletl water. Tl, e bacilli fraction was obtainccl by differential

ExpERi;\, IEXTAL it-TATERiAL A\D \{ETHOD
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centrifLigation. The fraction \\. as treated with All8 itaOH and the bacterial sediment \\-as washed
repeatedly with distilled \vatci ancl the I, acilli centrifuged (A10ri, 1960 and 1961)

Reage"!s used

Diphosphopyridine nucleotide (Dpi\;) and reduced diphosphopyridine nucleotide (DPNH)
were pLirchased from Sigma Chemical Company

Reduced triphosphopyridine nucleotide (TPNH) anti glyccralclchycle-3-phosphaic
obtained from Nutritional Blochemicals Coinpan\

Triphenylteirazoliui, T chloiide (TTC) \\, as a Alercl< preparation
The other reagents were compounds purchased locally

Alcohol defy, drage""$,

This \\, as ptirified from baker's \east by Racker's meIhod. (1950)

DialhoraJe I

This was prepaiecl from bo\, ine heal'I by Siraub's methoc1 (1939)

Delermin"!ion of Deb, dro"endre

TITunberg tubes wei. e used with TTC as the electroil acceptor. After preincubatioi. for 15
minutes under ariaerobic conditions at reduced pressure, the substrate was added and the tubes
incubated for 60 minutes at 37'C. The red color of the formazan formecl was measured macios.

CDPically

A{ORl, KOSAKA A*;D ITO

PMi'i{y of Ihe alcohol de4ydi'ogennrc alld dialhoi'rife I

In order to sho\\, the presence of DPN and diaphorase I activity in the in urine
leprosy I}acillus, alcohol dehydrogenase purified froin a baker's yeast extract and
diaphorase I purified from a bovine heart extract were used. Prior. to the main
experiment, these two enzymes were tested to see whether they \\, ere sumciently
pure to meet the requirements of the experiment. Column 5 of Table I shows
the complete s\, stein and only this complete system gave strong red coloration
Columns 3 and 4 show systems in which DPN and diaphorase I respectively were
omitted. In these systems only a slight red color was observed after 60 mirintes
and the I. esults wei. e almost neoative. This shows that the purified alcohol dc-
hydrogen. ase and diaphorase I contain almost no DPN and that the alcohol
delLydrogenase contains little diaphorase I

Did/froi'aJ, ac/iaity dnd DPA' ill fin ex/I'dc/ of gi'nulld inari'!'lie 1411'o4y bacilli

DPN or diaphorase I o1 both \-\, ere deleted froin the complete system of Tal)Ie
I and replaced I)y the extract of grouncl IJacteria. The alcohol deh\, drogenase
activity was then examined. As shown in Table 2, ITot only the complete system
(No. I) but those in \-\, hiclT diaphorase I is omitted (No. 2), DPN is omitted (No. 3)
and in which I'Dth \\, ere omitted (No. 4) sho\-ved SITono coloration. In addition,
the controls (Nos. 5, 6 and 7) \\, ere negative and controls (Nos. 8 and 9) were
weakly positive. The \-veakly positive results of the latter control experiments can

EXPERIMENTAL RESULTS
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Table I. Purify of Alcohol Dehydrogenose und Didphorase I
Tube NG

Substances added
10 reaction mixiure

A

D

DPN

EiOH

TTC

Buffer

Coloraiion offer
60 minutes

Main Chamber

2 3

lie explaincd I)y the Imptirity of the diaphorase I>reparation Lised, \vhiclT contained
for' Instance lactic dehydrogenase. Thus some containinatino' enzyme in the
diaphoi. ase preparation ItTay attack various substrates in the I)acilli. From the

4

Side Arm;

A. IAIcohol dehydrogenosel
D. IDiophorose 11
DPN 10~7 ino1

TTC 10~, ino1

O . I % glycine in MI I O phDsphoie buffer of pH 7.6
EIOH IElhon0112I 104 in o1

5

Table 2. Diaphorose I Activity and DPN of an Extract of Ground Murine Leprosy Bacilli
Tube No

Subsionces added
10 reaclion mixture

A

D

DPN

BCCieriol Exiroci

TTC

EiOH

Buffer

Coloration o11er
60 minutes

,-

6

227

7

:

8

0.1 in I

0.1 in I

0.1 in I

0.1 in I

05 inI

0.1 in I

2 3

Main Chamber - A. IAIcohol dehydrogenosel
D. 10iophorase 11
DPN 10 7 in o1

TTC 10 " incl

O . I ** glycine in M, I O phosphoie buffer of p H 7.6
75 ing of ground Iyophilized bocierio ex!roded with 2.4 inI

of dislilled water, ceniri{uged o1 6,000 rpm for 15 minuies,
O. 2 in I of Ihe super nani used. Dry weighi co. I . I ing

EIOHIElhylolcoh0112x10~4incl

4 5 6

Side Arm:

7 8 9

glycine
omitled

^-

0.1 in I

0.1 in I

O I in I

0.1 in I

O . 2 in I

02 inI
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results, it can be seen that DPN and diaphorase I activit\, are present in the
extract

Dialhoi'are I alld dialhoi'fife 11 ac!taili, $ ill Ih, ex/I'd 61 of gi'o11nd intri'ill8 !41,101); b(ICi/Ii.
On the assumption that diaphorase 11 activity \\'on Id be present in the presence

of diaphorase I activit\,, synthetic DPNH and TPNH were LISed as SUIJstrates instead
of enzymically produced DPNH and TPNH. TTC \\, as used as the electron
acceptor, an. d the diaphorase I and 11 activities in aiT extract or ground bacteria
was examined. Tanle 3 shows clearl\, that both enzymes were present.

Table 3. Diophorose I and 11 Activities of on Extract of Ground Murine Leprosy Bacilli
Tube No

Addilion 10
reaction mixture

Bacterial Extract

Buffer

TTC

DPNH

TPNH

Coloration aller
60 minutes

M. i" Chamber , M/10 phonphoi, buff, , pH 7.0
10~ a in o1TTC

I00mg of ground Iyophilized bacteria extracied with
2 in I of disiil!ed water, centrifuged o1 6,000 rpm {o1' 15

minuies, 0.1 in I of Ihe super nani used

Dry weight co. 1.42 ing
DPNH 10~5 incl

TPNH 10~5 incl

.-

2

DialhoirrJe I and dihphoi. nJ, 11 ac/lainer of whole milliiie 14/10. IT baci/!I

The activities of diaphorases I and H of fresh and iyophylized w^o1e in urine
leprosy I>acilli \-vere examined. As sho\\, n in Table 4, the DPNH and TPNH
added are not utilized

On danon qf DPA'H 411 nil ,XIInc/ of gio!!lid milli!!, leprosy bdci!/i

The electron of DPNH is donated to 'TTC IJy the action of Diaphorase I.
Us intr the Warburg Inethod, a study was made of \\, he ther the electron of DPNH
could I, e passed to oxygen \\, ith the enzyme via the electron transmitting system
in the extract of ground bacteria, without resort to TTC. The experimental
conditions are given in the lower part of Fig. I. DPNH was omitted in the
control. As can I}e seen in Fig. I, there \\, as a somewlTat greater alJsorption of
02 thait in the control, I}ut this was far less than the calculated amount of 02

Side Arm:

3

+ + + .-

t.

4

J-

.^: :

5

0.6 in I

0.1 in I

0.2 in I

O 2ml
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Table 4. Diaphorase I and 11 Activities of Whole Murine Leprosy Bacillus

Tube NG

Addilion

Buffer

TTC

DPNH

TPNH

Live 80ci

Lyophilized Boci

Coloroiion after
60 minutes

2

Main Chamber

requii'cd for. complete oxidatioiT of the DPNH. Thus the attempt to clarify
clectron transmission in the extract was unsuccessful. Spectroscopic onservations
o1\ a IUTIJid srispcnsion of in urine leprosy Iiacillus did not demonstrate the existence
of cytochiomes. lit considerintr the results of spectroscopic studies and those of
the DPNl{ oxidation, it can I)e assumed that the cytochrome system is I\ot litcscnt
11T ITlurine leprosy bacilli. (This \\, ill I)c discussed ftirther in a later naper).

3

Side Arm

M/10 phosphoie buHer pH 7.0
TTC 10~5in o1

Bacterial suspension
Live baci

Lyophilized boci
DPNH 10~, in o1

TPNH 10~5 ino1

4 5
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o. 4

60

56

6

I. v. I eruv, Ien, 10 10~,", I OFNH

50

,-.

40

6.5 ing
5 ing

30

,-

0.5 inI

0.1 in I

0.2 in I

20

10

Fig I Oxidation of DPNH by Extract of Ground Murine Leprosy Bacilli

De4ydiog, !in$e ac/laity of nil ex/incl of gioiind Iii"in!e 14ii04y bdcil!I refill adj'i0\$ 01, J of
rubJ/late

Diaphorases I and U are preseiit in the ground Iiacterial extract and it was
assumed that Dpi*:H and TPNLl are prodticcd I)y the action of dehydrooenase

0.1 in I

0.1 in I

D
30 60

o

Main Chamber ^ Milo phosphate buffer pH 7.0 1.0 inI
Bocl. Exir. ci - 150 ing of Iyophilized
bcclerio ground, exlrocled wilh 4 in I of

disiilled woler, ceniri{uged o1 6000 rpm
for 15 minuies and I . O in I of Ihe super-

nani used Dry weighl co. 12 ing
20 % KOH 0.2 inI
DPNH 10~5ino1 0.5 inI

OFNH

90

Cori, ,I

120 150 minuie,

Cenlrol Well

Side Arm

Shaken o138'C
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Table 5. Dehydrogense Activity of Extract of Ground Murine Leprosy Bacilli with Various Substrates

Substrate

Cilroie

a-Keiogluiaroie ^

Succinole

Pyruvoie

Acetate I
Malaie

Glucose

Ribose

Glycerol

Lociote

Glycer-aldehyde-3-p

MORI, KOSAKA AND ITO

Buffer

T'

,-

TTC

~r

T'

T~

,-

Main Chamber

BCCi

Extract

.-

~r

T'

M/10 phosphote buffer pH 7.0
TTC 10~5incl

150 ing of Iyophilized bacteria ground well, exirocied
with 4 in I of distilled water. centrifuged o1 6,000 rpm
for 15 minutes and 0.1 inI of the supernaniused. Dry

weight co. 1.2 ing
Substrate 10~ 5 in o1

-_.. Tube No. I

Additions ~'~~ '

Side Arm

Coloration after
60 minuies

+

Table 6. Malic Dehydrogenose Grid Triosephosphale Dehydrogenose
in Extract of Ground Murine Leprosy Bacilli

_L

Bacl. Extract

Buffer

Diophorase

TTC

DPN

Subsiroie

T

,-

Coloroiion after
60 minutes

,-

2

Main Chamber ; M/10 phosphate buffer pH 7.0
DPN 10~7 ino1

TTC 10~ 5 in o1

Diophorose
Bad. Extract-100 ing of Iyophilized bacteria ground,

extracted wilh 2 in I of distilled wafer centrifuged o1
6,000 rpm for 15 minutes and O. I in I of Ihe super nani
used

Dry weight co. I. 42 ing
Substrate I0~5 in o1

O . 5 in I

0.1 in I

3

,-

malale

.-

4

0.1 in I

,-

Side Arm ;

glyceroldehyde
.3. p

L

5

t.

~r

J-

malale

6

.-

glyceroldehyde
.3. p

+

.-

.-

0.9 in I

0.1 in I

0.1 in I

0.1 in I

0.1 in I
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on some sunstratc in the IJacteria. The dehydrogenase activity aryainst the 11
carbohydrate sunstrates shown in Table 5 was examined Lisin. ' TT'C as the electron
acceptor. Positive results were obtained only for mallc dehydrouenase activity.

,\{o11c d, /udi'oge!lard and 11'ioJ4!ihoJphn/e delu, di'og, iiaJe in on ex/1'0c/ of gi'ownd niui'Ina
14!'o. 1, bacilli.

The Inalic dehydrogenase activity in Table 5 was extremely \\, eak. \\Ihen
DPN and purified IJovin. e ITeart diaphorase I \\, ere added, the activity I)ecame
very strong as shown in Table 6, column 2. As Inalic acid is one of the substrates

of the T'CA cycle, a similar experiment \\, as conducted using ,Iyceraldehyde-3-
phosphate, a substrate Involving the DPN of o1ycolysis. But as can be seen in
columit 3, the results \\, ere negative.

A1fttic deludingelmJ, itc/I, ill^ of reho/, ni"11/18 1,110. I;, b"ci/!i

Though IlTaiic dehydrogenase activity is found in extracts of IJacteria, it could
not lie demonstratecl in Intact Iiacilli, as showi\ in Table 7. 11 mallc acid were

used Ii}, the Intact IJacilli, it could IJe LISed as an eneruy source in thc culture
mediunT

Table 7

Tube No.

Boci. Suspension

Buffer

TTC

Malale

Coloration clier
60 minuies

' CD. 480 in/I

Malic Dehydrogenose Activity of Whole Murine Leprosy Bacillus

Main Chainger

Side Arm ;

The Formazon produced was exirocied wiih 5 in I of ethyl aceioie and
me OSured colorimelricolly in a phDio-eleclric speciropholomeier
IHiiochi! o1 480 in/,

DISCUSSION

The electrons, produced I)y dehydrogenation of a substrate involving coenzyme
I or H (DPN or TPN), are transmitted to oxygen throuolT several in. termedlate
steps. In ordcr for' this to happen, the in. termedlate enzyme systeiT-s must all
he active. In the case of the inurine leprosy bacillus, whicll has hardly any de-
hydrogenase or oxidase activity \\, ith carbohydrates, it is necessary, to see if some

O . 05

M/10 phDsphoie buffer pH 70
TTC 2x10'5ino1

BCCi. Suspension 5 ing of Iyophilized boci
Malaie 3 X I 0~ 3 in o1

2

0.05

0.5 in I

0.2 in I

0.3 in I
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enzyme system is absent or if there Is no enzyme activity at all.
The failure to demonstrate electron transport \vitlT any substrate except

malate (Table 5), althouglT diaphorase and DPN were found, can only lie explain-
ed by assuming that the dehydrogenases of these substrates are not present in the
in urine leprosy bacillus. It is very interesting that manc dehydrogenase activity
was detected in the crude extract and malate can serve as an energy source for
the IJacilli.

In experiments on oxygen consumption of extracts of ground bacilli in the
presence of DPNH, the electron transmitters operating between diaphorases and
oxygen \\, ere studies, as shown in Fig. I. From the negative results of the ex-
perlment, it can I, e assumed that the electron transmitters are not operating
between diaphorases and oxygen. It is also IJelieved that this is one of the pro-
bable causes of the negative results in experiments on the respiration of in11rine
leprosy bacilli with various carbohydrate substrates.

In this study the results of enzyme assays of the extract of ground bacilli \-vere
always compared to those of the bacterial suspension. The enzymes found only
in the extract were regarded as being specific for the bacilli. However the CTiti-
CISm might IJe raised that it is possible that these are not specialized enzymes of
this bacilli, because the al can't Teated, contaminating debris of the ILOst cells
in Iepromas did not liberate any active enzymes after being ground. As it was
very, dimcult to Isolate only the contaminating debris of the host cells in Iepromas
for a control experiment to exclude this criticism, incomplete Freund s adjuvant
was injected subcutaneously into rats and the resulting granulomatous tissues
were obtained. The tissues and testises of uninfected rats were treated in the

same way to isolate the inurine leprosy bacillus. Before al call-treatment, anto-
claved BCG bacilli were added to the sample as carrier. The material obtained
was studied in the same manner as described above. No diaphorase or mallc
dehydrogenase activity could lie found in the ground extract of this material.
Therefore the enzyme activities in the ground extract of the inurine leprosy I)acilIus
can I, e regarded as specific to the bacillus.

The respiratory systenT in the in urine leprosy bacillus is believed to follow
the path way described here. DPNH is synthesized by mallc deh\, drogenase and
as the respiratory system is obstructed here, the hydrogen of DPNH \\, 111 be ac-
cepted by some other substrate.

Heretofore, the in urine leprosy bacillus was considered to proliferate only
in living organisms and more specifically, only in the living cell and that an inter-
mediate metabolite or coenzyme of the host cell was utilized for its proliferation.
However it was found that metalJolic coenzymes such as DPNH and TPNH were
not utilized by the IJacillus and it is considered that suclT complex metalJolic
Intermediates are not Litilized. EveiT externall}, addecl mallc acid Is not utilized
by the whole inurine leprosy I>acillus. The bacillus may posses some specific

NIORl, KOSAKA ,\xD ITO
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al>sorption anillty for' a particular' SUI)stance \\hiclT calT only be utilized in DJuo.
It has lieen sho\\, 11 that the inurine leprosy Iiacillus obtains energy from mallc
acid and there Is a strong possibili^, that this nTalic acid is synthesized in the cell

This, however, requires furtherfrom some al)sorl)ajile carl)ohydrate source.

study.
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