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BIKEx's JOURNAL I, 5-12 (1958)

IX. Effect on the respiratory activity and on the macromolecular

structure of Bacillus megaferium' .

Studies

TsuNEHisA AMANo, KEiJiRO KATo, KAzuo OKADA, YAsusHi HiGASHi,
YosHiTADA TAMATANi AND KAzuHiKO TOYODA

on the R61e of PIOkin

SUM!\4ARY

The succinic oxidase activity of Bacilli, $ megateri"in was markedIy decreased by piakin action,
but the succinic dehydrogcnase activity was enhanced. These results were confirmed by
spectroscopic examination of piakin-treated cells in whiclt no electron SITift between cytochrome
bj and a:, occurred. This indicates that there may be direct or indirect inactivation of Slater s
factor.

In ultracentrifugal analysis a new PCak was round in a Iysaic of Baci//", mega!erii, in protoplasts
obtained by piakin ITcatmcnt as compared with a Iysatc obtained by osmotic shock

INTRODUCTION

As shown in the previous reports (Am ano at at. , 1952, 1953a, 1953b, 1953c,
1953d), Iysis of B. a"/friari. ,, B. rub/inJ and B. mega!81'illm was induced by PIakin
action, and there \\, as also inactivation or their respiration. Furthermore, the
Iysis or B. Ingga/eift!in protoplasts also occurred by PIakin action in an osmotically
cont"o11ed medium (Am an, at "!., 1956).

In this paper to clarify the incchanism of PIakin action the effect of piakin
on thc succinic oxidase and succinic dehydrogenase or B. mega!errt!In is analyzed
on bacterial cells, protoplasts, ghosts of protoplasts and subcellular fractions.

The effect of PIakin on thc macromolecular structure of B. mega!erittiii is also
studied using an ultracentrifuge.

Dep"rime"t of Bac!erio!ogy, 05ak@ Uni, er$ity Meatca! School

(Recei"ed for pub!^^ation, October 28, 1958)

.

I. Bacteria ..

B. mega!erit!?n KM was used. Bacteria were grown in broth at 37 C with
mechanical shaking. A 4 horn. culture was harvested by centrifugation and

*This report was announced at the 23rd Annual Meeting of the Japanese Bacteriologists in April
1956 at Kumamoto University and at the 8tli Symposium in Biological Science in September
1956 at Tokyo University.

MalerittlJ and M, !froth
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6 AMANO, KATO, OKADA, HIGASHl, TAMATANI AND TOYODA

washed twice with saline.

2. Prolop!aJtJ and ghoJ!$ ..
Protoplasts and ghosts were prepared by Weibull's method (\\'eibu11, 1953a).
The protoplasts were prepared by the method shown in Table I, and all cells
became protoplasted within 15 mins. at 30'C. The ghosts were obtained by
centrifugation of the Iysate at 14,800xg for 30 mins. , the Iysate was prepared from
p"otoplasts by osmotic shock with 0.03 M phosphate buffer (pH 7.2), or by
vibration in a Mickle disintegrator in polyethylene glycol (PEG) controlled
medium.

3. Flakin ..

Flakin was prepared as described in the previous report (Am ano at a!., 1952>
4. Defermina!ion of Jt!cci?ifc oxiduJe ac!juju .'

Succinic oxidase activity of intact cells, protoplasts and ghosts was determined
manometrically. The content of Warburg vessels is shown in Table I.

Table I. Content of Warburg vessels for determination of succinic

oxidase activity of cells, protoplasts and ghosts

Cell suspension

Ghosts

45% PEG

Lysozyme 12mg/in 11
Phosphate buffer

PIOkin

Pickin-PEG

Phosphate buffer

15% PEG

Cells

A

in I. in I
0.5 05

B

in I. in I

0.5 0.5

0.1 M succinoie

Phosphate buffer

45% PEG

10 1.0

Protoplasts

C

in I. in I
05 05

; o. 5 0.5

Cell suspension ^ B. megatonum KM 12.5 ing dry wl. I

Phosphate buffer : 0.1 M phosphale buffer ipH 7.21

Platin-PEG. PIOkin containing 15% PEG

10 I. O

5. Deiermii!uno?! of' J!!ccinic de4yJiogena5e activity .'
Succinic dehydrogenase activity of intact cells, protoplasts and ghosts was
determined manometrically. The content of the \\'arburg vessels is shown in
Table 2.

I 0.2

I 0.4 0.6

0.5 05

0.5 0.5

0.2 0.2

03 0.3

D

in I. in I. I in I. in I
0.5 0.5

05 0.5

05 0.5

0.2 0.2

0.3 0.3 1.0 1.0

Ghosts

0.2

04 0.6

E

^-^

0.5 0.5 I

F

in I. in I

05 0.5

0.2

0.2 0.4

0.2 0.2 0.2 0.2 I

0.5 o. 5

05 0.5 I

02 - I 0.2 - I 0.2
0.2 0.4 I 0.4 0.6 I 04 0.6

1.0 1.0

0.5 05
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Table 2. Content of Warburg vessels for determination of succinic

dehydrogenase activity of cells, protoplasts and ghosts

Cell suspension

Ghosts

45% PEG

Lysozyme 12mg/in 11
PhDsphoie buffer

Pickin

PIOkin-PEG

Phosphoie buffer

15% PEG

0.1 M succinoie

0.01 M KCN

-- ^ .. . -:

I 0.5

Cells

A

inI

05

B

in I. in I
0.5 0.5

I 1-0 1.0 I 1.0 1.0
-- --

I020.2

0.1 I 01 o. 1I 0.1
0.01% M. Ihyl, ". b1, * ' 0.1 0.1 I 0.1 0.1

Proioplosls

45% PEG

Phosphate buffer

Cell suspension . B. megatonum KM 12.5 ing dry wi. I

Phosphoie buffer , 0.1 M phosphate buffer ipH 7.21

Flakin-PEG , Pickin containing 15% PEG

6. SIer!10Jco/iic etamtna/!o11 .'
The cytochrome bands of noi. in al cells and PIakin-treated cells were determined
in a Zeiss spectroscope.

7. dimly!Jini intracen!741'"gunoii ..
Analytical ultracentrifugation of the Iysate was done in a Spinco E ultracentri-
ruge.

C

in!. in I

0.5 0.5

0.5 0.5

0.5 0.5 0.5 0.5

0.2 02 0.2 0.2

0.3 0.3 I 0.3 0.3

0.5 0.5

~~ ' I

D

in I. in I
05 0.5

Gh o51s

E

in I. in I. I in I. in I

0.5 0.5 I 0.5 05

0.2 0.4

7

I 0.5 0.5

0.2 0.4

F

0.2

O. I 0.1

0.1 0.1

0.2 0.2

0.2

0.5 0.5

RESULTS

I. 1:18, !3 of nakiri o11 Jiiccinic oxidaJe doff"ity of B. mega!eriwm
It has already been reported that the oxidation of glutamate by B. mega!erittm

can be inhibited by PIakin (Am ano at a1. , 1953d). The oxidation pathway of
glutamate is more complicated than that of succinate, because the dehydrogenase
of the latter is a Fe-navoprotein enzyme and does not require DPN or TPN.

Succinic oxidase activity under the action of PIakin was examined on
normal cells, protoplasts and ghosts. In Fig. I, curves A and C show the
succinic oxidase activities of normal cells and protoplasts, and curves B and
D the succinic oxidase activity of piakin-treated cells and PIakin-treated
protoplasts. The succinic oxidase activity of cells and protoplasts was Inacti-
vated by PIakiiT <curves B and D), and the activity dropped to that of the
ghosts (curve E). The activity of ghosts was very weak and Do effect of

^^

0.2

0.1 0.1

0.1 0.1

0.2 0.2

0.2

0.5 0.5

10 I. O

0.5 0.5

0.20.2

0.1 0.1 I 0.1 0.1

I 0.1 0.1 0.1 0.1

^^

0.2 0.4
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PIakin on the activity of ghosts was observed, which \\, ere prepared from
protoplasts by osmotic shocking with 0.03 M phosphate buffer. Ghosts were
also prepared from protoplasts in PEG controlled medium by a Mickle
disintegrator and the effect of PIakin was also tested using these ghosts, but
no effect was demonstrated. The ghosts, prepared from protoplasts in PEG
medium by PIakin had the same succinic oxidase activity. In addition, no
further Iysis of ghosts by PIakin was demonstrated.

11 is suggested from these results that the succinic oxidase activity retained
in the ghosts, prepared by osmotic shocking or by mechanical disintegration
in osmotically controlled medium, is only a residual activity and can not be
compared to the full activity of intact cells or intact protoplasts.

XOa

F1

200 I
XOa

F1

100

A

30 30 30

Time jinin. ) Time Imin. )Time tmin. )

Fig. I. Succinic oxidase activity of cells, pro*oplasts and ghosts of B. megatonum.
At 15 minute intervals readings of oxygen uptake were recorded.
Conditions are shown in Table I.

(0) Succinic oxidase activity of cells.
A . Cells.

B = PIOkin. treated cells.

(bl Succinic oxidase activity of plotoplosfs.
C , Protoplasts.
D : Flakin-treated protoplasts.

(c) Succinic oxidase activity of ghosts.
E = Ghosts

F = Flakin-treated ghosts.

2. eyec/ of pinkin on Ihe Jarcci?tic of 847drogen"Je orii, ity of B. megd!enroll.
To analyze the defect in hydrogen transportation of succinate oxidation

caused by PIakin, the succinic dehydrogenase activity was studied. As shown
in Fig. 2, the succinic dehydrogenase activity of normal cells and protoplasts
was very weak <curves A and C). However, the activity of cells and
protoplasts was greatly enhanced by PIakin <curves B and D). The activity
of ghosts was also remarkable as shown in curve E and no influence of PIakin

200

o

XOa

PI

100

B

C

60

200

o

100

D

60 o

E. F

60
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treatment \\, as observed (curve F).
it was supposed that the increase in succinic dehydrogenase activity in

PIakin-treated cells, PIakin-treated protoplasts and ghosts might be due to a
change of cellular permeability to the methylene blue used in the estimation
and that the dehydrogenase activity \\, as not inhibited by PIakin. The chanoe
of permeability caused by PIakin Ilas already been described (Am ano at at. ,
1953 b). The inability of non-toxic dyes to penetrate into protoplast has also
heelT described <Am atto at a!., 1958). Considering these, the above results can
easily be explained.

X02

F1
50

X02

"I
50

B

3030 30

Time tmin. )Time iruin. ) Time tmin. )

Fig. 2. Succinic dehydrogenose activity of cells, protoplasts and ghosts of B. megaierium

At 15 minute intervals readings of oxygen uptake were recorded
Conditions ore shown in Table 2.

(0) Succinic dehydrogenose activity of cells.
A = Cells

B : Flakin. treated cells

Ib) Succinic dehydrogenase activity of protoplasts
C : Protoplasts.

D : PIOkin-treated protoplasts

IC) Succinic dehydrogenase activity of ghosfs.
E = Ghosts

F . PIOkin-treated ghosts.

o

o

o

9

XOa

Pi
50

A

60

D

.

o

3. 812,170Jro/lit obJeri, alto?I of $11rriiiale oxida!foil .'
it is suggested that the succinic dehydrogenase \\, as not inhibited by

PIakin. The defect in hydrogen transportation caused by PIakin should exist
in the terminal respiratory system.

For spectroscopic examination, the cells were prepared as follows ; 4.2 ing.
of cells were treated with 10 inI. of PIakin at 30'C for 10 mins. , cells were
centrifuged. washed once with saline and divided in two. One tenth inI. of 0.1 M
sodium succinate was added to one part and 0.1 inI. of 005 M phosphate

C

60

F

E

.

o 60



10 AMANO, KATO, OKADA, HIGASHl, TAMATANI I. ND TOYODA

buffer (pH 7.2) was added to the other. Another 4.2 ing. of normal cells were
treated simila"y with 0.05 M phosphate buffer (pH 7.2) in place of PIakin.
The cells treated with phosphate buffer were used as the controls.

As shown in Fig. 3, the reduced cytochrome bands of normal cells at
554 in/L <bJ) and 590 in/A <a8) were clearly demonstrated in the presence of
the substrate <0.1 M succinate), and faint bands were observed even in its
absence. In the piakin-treated cells only a weak cytochrome band at 554 in/J
was observed even in the presence of substrate, and no band was observed in
its absence.

The cytochrome bands at 554 in/L and 590 in/L were observed when the
normal cells and PIakin-treated cells were reduced by hydrosulfite. This
suggests that cytochrome was not injured or destroyed by PIakin treatment. The
facts were confirmed by measuring the cytochrome bands of ghosts and of
PIakin-treated ghosts in a Beckman spectrophotometer according to Weibull's
method (Weibu11, 1948, 1953b). The same abso"ption cu"ve was obtained
for reduced <by hydrosulfite) and oxidized cytochromes in the ghosts as
"eported by Weibull (Weibu11, 1953b). in addition 00 diffe"ence was found
between the absorption spectra of the cytochromes of normal and PIakin-
treated ghosts. it seems therefore that the disappearance of the cytochrome
band at 590 in/J in piakin-treated cells may be due to a defect in electron trans-
port between cytochrome bT and a3 of B. mega!erii, in and that an unknown factor
or factors play a role in electron transport between cytochrome bT and a8.

If the Slater's factor is present in bacterial cells, the defect of electron shift
could easily be explained by its inactivation by piakin.

0.1 M
Succinate

Flakin-treated ;
cells

I'

I+

Normal cells

500

\-

500

I

4. The atect of nakiri on the manomolecz!107 rt?VC!"re of B. megate?it, in.
The cellular components of B. megaterit, in KM were studied by \\leibull

500

550

600500 550

Fig. 3. Spectroscopic examination of cytochrome bands of B. megaferium.

550

550

600 in"

600 in A

600

.

.

in"

inn
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No. 2

11

0953b) and four components
were found in B. megateri"in
protoplasts Iysed by osmotic
shock.

To investigate the effect
of PIakin on the macromole-
CUIar structure of B. megater-
illm, the ultracentrifugal pat-
terns of a Iysate of B. megater-
mm protoplasts after treatment
with PIakin was compared
with that of the Iysate of
protoplasts Iyzed by phosphate
buffer. In Fig. 4, pattern
No. I indicates that of PIakin
showing no peak. Pattern
No. 2 is that of an osmotically
shocked Iysate, and No. 3 the
pattern of a Iysate caused
by PIakin. As shown in No.
3 a new peak was found,
which is not present in the
osmotically shocked Iysate.
The sedimentation constant

of the peak was 31.4 S. The
nature of the peak is not yet
known and now under study.

No. 3

Fig. 4. Photograph of ulfrocentrifugol
PC"erns of Ihe PIOkin and Iysafe, of
B. megatonum KM.

Experiment wo, carried oul with Spinco
E ultracenlrifugalion of 44,770 r. p. in.

a = 50', Temperature = 140,
InferVCI 8 minutes.

No. I , Flakin

No. 2 , Lysofe prepared from the profoplosf by osmotic, hock with 0.03M phosphate buffer IPH 7.21.
No. 3 , Ly, ofe prepared from the protoplo, I by Iyzing with PIOkin.

DISCUSSION

it was suggested from the above results that inactivation of succinic oxidase
of B. megaterittm may be due to inactivation of the Slater factor or a similar
factor and is not due to the direct inhibition of succinic dehydrogenase, cy-
to chrome bL or a8. it is not yet clear whether the defect in the terminal
electron transport system caused by piakin is a direct effect, because ghosts
prepared from protoplasts by osmotic shocking or by mechanical disintegration

.
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in osmotically controlled medium also had very slight oxidase activity.
We assume that defect caused by PIakin would be an indirect cfTect resultin<,

from a change in the permeability barrier and that this is the primary damage
caused by piakin.

NYgaard and Sumncr (1953) reported that the succinoxidase of rat liver
mitochondria was mactivated by lecithinase A by hydrolyzing the mitochondrial
lecithin and that the essential factor for the interaction of succinic dell To enase
and the remainder of succinoxidase system might be mitochondrial lecithin. it
was found in a preliminary experiment that piakin had no lecithinasc activity
and the inactivation of the Slater factor by PIakin may not be caused b the
hydrolysis or lecithin.

The authors wish to thank Dr. Northrop (Univensity of California) for a generous supply
of the bacterial strain, and Dr. K. irukai (Research Institute for Microbial Diseases, Osaka
University) for. his valuable advice and for conducting the ultraccntrifugaiion, and also the
members of Professor Okunuki's laboratory (Department or Science, Osaka University) for
performing the spectroscopic examinations
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