Studies on the Nodule Bacteria. IX.

On the Electrical Properties of the Accessory
' Substance.

By
Arao Itano and Akira Matsuura.

[March 2, 1937.]

In the previous papers®:®, it was reported that the stimulation of the growth
of nodule bacteria is due to the organic substances which are soluble in water,
alecohol and chloroform, especially eighty to ninety percent of it is extracted by
the combined action of water and alecohol. On the other hand, the inorganic
substances have no action. In this investigation, an enquiry was made to as-
certain the electrical nature of accessory substance so that further knowledge
may be obtained regarding the physical properties of substance causing the
atimulation.

Experimental.

Electro-dialysts :

Five grams of bean nodules are powdered and placed in the dialysing cham-
ber after Koxno®, using well washed cellophane paper at the anode and sulfuric
acid treated paper at the cathode with 110 V, D. C., and dialysed until the electric
current decreased gradually and no further change took place.

The investigation was carried out in two stages as follow :

L. Dialytic nature of accessory substance in the npdules :

The residue in the dialytic chamber was taken and the culture medium was
prepared to test the rate of growth. During the dialysis, the water was changed
every hour and the chambers were cooled under running water to prevent the
sudden change of temperature. The change of current in the course of dialysis
is shown in Fig. 1.

(See Fig.1 on next page)

As noted in the figure, the current decreased rapidly during the first thirty
minutes which was 212 m.a., and 100 m.a. after two hours, and thence the decline
became slow and no further change after 60 hours remaining 12 m.a. at the end
of experiment. Then the content in the middle chamber was taken out and
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Fig. 1
Change of Amperage during the Dialysis.
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filtered of which the residue was dried and the filtrate was used as the solution,
These components were added to the culture medium in proportion of 1 percent
of the original sample to test their effect. The results are presented in Table 1.

(See Table 1 on next page.)

Table 1 indicates, 1% original nodule was most effective, and the residue as
well as the filtrate from dialysis were beneficial although they were not so good
as the yeast extract while much better than the control. It is indicated therefore
that by the dialysis not all the accessory substances are removed especially in the
residue, and comparatively a large amount is left undialysed. Considering these
results in the light of a preceding paper, it is reasonable to suppose that the
accessory action is brought about by the organic substance since the inorganic
constituents are removed by dialysis to a large extent.

I1I. Electrical nature of the accessory substance in the nodules.

To determine the electrical nature of the accessory substance in the nodules,
the extracts of the nodules were prepared by using cold and hot water and
alcohol. Then the extracts were dialysed separately by the method just described
for 24 hours. In the course of dialysis, the water in the anodic and cathodic
chambers was changed after six and twelve hours, and after dialysis, the one
sample was taken out from each the anodic, cathodic and middle chamber and
also from the residue, and the tests were carried out as described previously.
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Table 1.
Influence of Dialysed Nodules on the Growth of Nodule Bacteria.
Rate of growth by days. Wt
Nodule bacteria.| Substance added. of bacterial cells
9 4 v Sum of on 7th day.
=+
(mg.)
Control. « + - + ++ +H 5 0.5
Yeast. » + ¢+ - =+ #H s 9 11.8
Genge
P—— Nodule (1%). H- 4 ] 11 14.8
Dialysed nodule. 4 b # 6 2.9
Dialysed filtrate. + 4 H 7 34
Control. - « - s e 4o 2 25
Yeast. - » » « - + + HH 9 13.1
Genge
Strain B.| Nodule (1%). - * ## Hi 10 13.9
Dialysed nodule. + # H# 8 9.8
Dialysed filtrate. - e H 5 2.8
Control. « « - + + ++ 6 04
Yeast. - « - ¢« - =+ 4 H 10 45
Genge
Strain ¢.| Nodule (1%). - 4+ Hit H 12 11.9
Dialysed nodule. ~— 4+ 3 5 34
Dialysed filtrate. 4 =+ A 5 44
Control. « « - H + + 6 1.3
Yeast. - - - « . I s Eiis &+ 9 4.1
Bean. Nodule (193). - H e W 1 9.7
Dialysed nodule. - H H 6 4.3
Dialysed filtrate. “ b +H 6 1.7
Control. - . - < 4 E 5 23
Yeast. - - » « - # Hi H 9 6.6
Clover. Nodule (1%). - m W i 11 12.1
Dialysed nodule. ++ H P 8 34
Dialysed filtrate, +H + + 6 30

Notes: The number of + indicates the rate of growth.
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The procedure for the preparation of each extract is described below :

A.) Cold water extract.— Five grams of nodules were taken directly and dialysed
with 280 m.a. maximum and 26 m.a. minimum current.

B.) Hot water extract— Five grams of nodules was brought to boiling on the
water bath with 500 cc. water and kept boiling for 30 min, filtered and dialysed
with 95 m. a. maximum and 28 m.a. minimum current.

C.) Alcokolic extract.— Five grams of nodules were extracted with alcohol until
no more color comes out by Soxmrir method and dialysed with 38 m.a. maxi-
mum and 16 m.a. minimum current.

D.) Alcokol and hot water exiract.— The residue from the alcoholic extract was
subjected to hot water extraction, and dialysed with 55 m.a. maximum and
18 m.a. minimum current.

F.) Feast extract.— The yeast extract was dialysed in order to obtain the com-
parative results.

These extracts were concentrated on the water bath and a portion corre-
sponding to 1 percent of the original sample was added to the medium and the
tests were carried out but in the case of yeast extract, 10 percent portion was
used. The results are presented in Table 2.

(See Table 2 on next page.)

As noted in Table 2, the best growth was obtained where the nodules were
added, followed by the yeast extract and all the others which came from the
anodic chamber were not effective. Those came from the middle chamber were
about intermediate while in the case of yeast, the substance from the middle
chamber was the best. Morphologically the rod and short rod were prevalent
and the bacteroids were observed in a few instances where the anodic substance
was added.

The results obtained with Genge nodule bacteria, Strain B are given in
Table 3.

(See Table 3 on page 522.)

The best growth was obtained with the original solution of yeast extract and
nodules, followed by alcoholic residue while the hot water and alcoholic-hot water
extract (anodic) gave bad growth, and the others were just about the same with
Strain A. The yeast extract in the middle chamber was effective. Mgrphologi-
cally no marked change was observed.

The results obtained with Genge nodule bacteria, Strain C are noted in
Table 4.

(See Table 4 on page 523.)

As the data in Table 4 indicate, the best growth was obtained by the original
solution of yeast and nodule extracts, and the aleoholic and hot water extracts
(anodic) were the worst. More of the accessory substance was found in the anodic
chamber and less in the cathodic. In other respects, the results were similar to
those obtained in the previous experiment. A majority of cells were rod and few
was cocceic.
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Table - 2.

Influence of Different Portion of Dialysed Nodules on the Growth
of Genge Nodule Bacteria, Strain A.

Rate of growth hy days. Cells on 7th day.
Agents Substance
of extraction. added. 9 4 " 0(%11? o Size. (1)
Control. =+ + 4t 68 | Bhort rod. | 0.3x0.4-0.4x0.8
Nodules. 4+ | HHH | | 138 ” 02x0.5~-03x1.0
Cathodie. «| =— 1 I 8 » 0.2x0.4-0.5x0.8
Anodie. — ot = 2 » 0.3x0.5~-0.6x1.0
Cold water.
Undialysed. e W W 9 Rod. 0.2x0.5-0.3x1.2
Residue. - 4 H H 7 » 0.2x05~0.3x%x1.2
Cathodic. B p HH 9 | Short rod. | 0.2x0.5-0.4x0.8
Anodie. —_— ol -+ 2 » 0.3x05-06x1.0
Hot water.
Undialysed. | + H 1t 8 Rod. 0.2x05-~0.4x1.2
Residue. - 4+ H HH 7 | Short rod. | 0.3%0.5-0.4x0.8
Cathodie. 4 HE i 8 » 0.2%04-0.3%x0.7
Anodic. - | + e e 3 Rod. 0.3%x05-0.6x1.5
Aleohol.
Undialysed. | + 4 4+ 5 » 03x05-04x1.3
Residue. - <« + H Wi 9 | Short rod. | 0.2x05-0.6x1.0
Cathodic. 4= - W 6 Rod. 03x05-04x1.2
Alcoholic residue| Anodic. + + B 3 » 0.3x05-05x%x1.2
and
hot water. Undialysed. | + + +H 4 | Bhort red. | 0.3%0.5-0.5x0.8
Residue. - = H e 7 Rod. 0.2x05-0.6x1.2
Cathodic. +| == 1 i 7 » 03x05-0.5%x1.2
Alcoholic extract| Anodic. + -| — + e 2 ” 0.2x0.5-04x2.0
and hot water
extract. Undialysed. | — HH 1 9 »” 0.3x0.5-0.5x1.2
Residue. - ++ ++ 4 6 | Short rod. | 0.2x0.4~-0.4x0.7
Cathodic. | + ++ ++ b ” 0.2x0.5-0.5x%0.8
Anodie. - | H + +H 6 Rod. 0.3%x05-0.6x1.2
Yeast.
Undialysed. | + i i 10 | Short rod. | 0.3x0.5~0.6x 1.0
Original \ |+ | wi | w | 12 " 0.2x0.3-0.3x0.7

Notes: The number of + indicates the rate of growth.
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Table 3.

Influence of Different Portion of Dialysed Nodules on the Growth
of Genge Nodule Bacteria, Strain B.

Rate of growth by days. Cells on 7th day.
Agents Substance
of extraction. added. 2 4 v (;%fur-: Form. gine. (1)
Control. + H H 5 Rod. 03x0.5-0.8x1.5
Nodules. i i it 14 » 0.2x%0.5-06x1.2
Cathodic. ++ WH W 12 ” 0.3x0.5-0.5%1.2
Anodic. + 4 4 8 » 0.3x%x05-06x1.2
Cold water.
Undialysed. e I I 10 »” 0.3%x0.5-0.5x1.2
Residne. - | ## b 1 12 Short rod. | 0.2x04-0.3x0.8
Cathodic. 4 H Hi o Rod. 03%x05-05%x1.5
Anodic. — <+ -+ 2 ” .| 0.3%05-04x1.2
Hot water.
Undialgsed. | # it it 11 » 0.2%x05-0.6x1.5
Residue. - | + =+ H v ”» 0.3%05-04x1.2
Cathodiec. H it it 10 | Short rod. | 0.3%0.5-0.5x0.8
Anodic, + + + 3 Rod. 03x05-05x1.2
Alcohol.
Undialysed. 4 'H- H* 6 ” ”
Residue. - H i “H'l 13 ” "
Cathodie. B +H He 6 » 0.2x05~04x1.2
Alcoholic residue| Anodic. + |+ | + 3 ” 0.3%0.5-05x1.2
and
hot water. Undialysed. | + | H | # 6 » 0.2%0.4-0.5x1.2
Residue. » | W I 9 2 0.2x05-06x1.5
Cathodic. e i it 9 ” 0.2x%0.5-04x1.2
Alcoholic extract| Anodic. - |+ | + 2 ” 0.3%0.7-05x%25
and hot water
extract. Undialysed. | — | #H | # 8 ” 02%x0.5-04x1.2
Residue. « | H EEs L 7 » 0.3x05-04x1.5
Cathodie. + H b 5 | Short rod. | 0.2x0.3-0.5x0.8
Anodic. + 4+ H 4 » 0.2x%05-04x1.0
Yeast.
Undialysed. | i i 11 Rod. 0.2x05-06x1.2
Original =
sl e i I 14 » 02%x05-05x12

Notes: The number of + indicates the rate of growth.
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Table 4.

Infiuence of Different Portion of Dialysed Nodules on the Growth
of Genge Nodule Bacteria, Strain C.

Rate of growth hy days. Cells on 7th day.
Agents Substance
of extraction. added. 2 4 " o%m-:—‘. Form. Size. (u)
Control. = 4 68 | Short rod. | 0.3x0.4-04x1.0
Nodules. 1 ) 14 Rod. 0.3x05-05x%x1.2
Cathodic. — +H L v » 02x05-06x1.2
Anodie. « .| <+ <+ 4 3 | Short rod. | 0.3%x04-06x1.0
Cold water.
Undialysed. | + H H 6 Rod. 0.2x05-0.6x1.2
‘Residue. H# i I 9 ” ”
Cathodie. He W ] 12 » 0.3x05-06x1.2
Anodie. —_ + = 3 | Short rod. | 0.2x04-0.6x1.0
Hot water.
Undialysed. 1 1 pi 11 Rod. 0.3%0.5-0.6x1.2
Residue. - | 4 HE HE 9 ” 02x04-03x1.2
Cathodiec. H T Hi 13 | Bhort rod. | 0.2x0.5-0.4%x1.0
Anodic. 4= <+ 4 3 ” 0.2x%x05-086x1.0
Alcohol.
" 8hort rod-
Undialysed. HE H I 10 Benssles 0.3x%0.4-0.5x%0.8
Residue. - - | # HE H 9 Rod. 0.2x05-0.3%x12
Cathodie. H H H 9 Short rod. | 0.2x0.5-0.4x0.8
Aleoholic residue| Anodic. + | + | + 3 Rod. 0.3x05~05x15
and
hot water. Undialysed. | + | H | + 6 | Short rod. | 0.2x0.5-0.5x1.0
Residue. - H HE Hi 9 Rod. 03x05-0.6x1.5
Cathodic. Al HH HH 12 | Short rod. | 0.3x0.5-0.5x0.7
Alcoholic extract] Apnodic. s + o4 » 0.3%x0.5-05x1.0
and hot water
extract. Undialysed. | -+ Hit i 9 » 0.2x0.4-0.5x0.8
Residue. - - | H HE 8 | Rod-coceie. | 0.3x0.4-0.5x1.2
" | Cathodic. 4 | % | % 3 | Bhort rod. | 0.3x0.4-0.4x0.6
Anodie. " 4 + + 3 » 0.3x05-05x%1.0
Yeast.
Undialysed. HE I e 11 » 0.2x05-0,7%1.0
Original 5
wolution, | M | HH | HH | 14 " 0.2x0.5-03x10

Notes: The number of + indicates the rate of growth.
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The results obtained with the bean nodule bacteria are presented in Table 5.

Table 5.
Influence of Different Portion of Dialysed Nodules on the Growth

of Bean Nodule Bacteria.

Rate of growth by days. Cells on 7th day.
Agents Bubstance
of extraction. added. 9 4 " o?u :—1 Wi, Bime. L)
Control. + -+ H+ 6 | Short rod. | 0.3x0.5-0.5x0.7
Nodules. | HHH | | 16 Oval. 04%06-0.7%x1.0
Cathodie. 4 & 1% 9 | Shortrod. | 0.3x0.5-0,5%0.8
A Od. . — 6 ] ”
Cold water. : y i o o '
) Undialysed. | # H it 11 Rod. 0.3x0.5-0.5x2.0
Residue. - - | ) HH 11 » 03%x05-07x1.2
Cathodic. H Wi [ 12 Short rod. | 0.3x0.5-0.5x%0.8
Anodic, + b M 5 ” 0.3%x05-05x1.0
Hot water. ]
Undialysed. | + H H 9 Rod. 03%x05-06x1.2
Residue. + | W s 11 | Short rod. | 0.3x0.5-0,5x 1.0
Cathodic. H W W 11 Rod. 0.2x05-05x%x1.2
Anodic. .. | H bt - (] » 03%x05-05%x1.5
Alcohol. ,
Undialysed. | 4 H H 7 | Short rod. | 0.2x0.5-0.5%0.8
Residune. - e H I 8 » 0.2x0.5-06x%x1.0
. . Cathodic. + H o 8 ” 0.2x0.5-0.3%0.8
Aleoholie dr‘”‘d“e Anodic. TP O T Rod. |0.3x05-06x15
an g
Wt wRta Undialysed. -+ 44 . 7 Short rod. | 0.2x0.5-04x0.8
Residue. - HE i HH 13 ” 03x05~-05%x1.0
Cathodic. «| <+ it I 9 » 0.3%05-04x08
A‘°°;“;1“: ex‘t’:"t Anodic. SRR Rod. | 02x05-06x20
o bt | Undialysed. | — | # | #t | 8 |Coccicrod. | 0.2x04-05x07
Residue. - - | H H 10 | Short rod. | 0.2x0.5-0.6x0.8
Cathodic. 5 4+ Lo 6 » 0.2x05-04x1.0
% Anodie. 4 pRS e 5 Rod. 0.3x05-06x1.2
BRES. Undialysed. | H | # | # | 10 2 02x05-06x15
Original N
olation. | M 1t Tt 15 | Short rod. | 0.2x0.5-0.3x1.0

Notes: The number of 4 indicates the rate of growth.

Table 5 indicates that the original nodule extract was most effective, followed
by the yeast extract, and the alcoholic and hot water extracts (anodic) were least
effective. A majority of cells were short rod or rod and some oval, and coccic cells
were found.
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The similar experiment was carried out with the clover nodule bacteria and
the results are given in Table 6.
Table 6.

Influence of Different Portion of Dialysed Nodules on the Growth
of Clover Nodule Bacteria.

Rate of growth by days. Cells on 7th day.
Agents Substance
of extraction. added. 2 4 5 osfu"-;-l. ro— Size. (1)
Control. + H H# 8 Rod. 0.3x05-05x15
Nodules. W ] K 14 » 0.3x05-05x1.2
Cathodic. -| # HH Hy 13 ” 0.3%x05-05x12
Anodic. - HE H 8 ” 03x06-06x15
Colldowmbet: | uonaipssd. | 90 | & | @ | 22 5 0.4x05-06x15
Residue. + «| H H H 8 » 0.3x%x05-05%x1.2
Cathodie. H H# “Hit 13 ” 0.3%x06-07x12
Anodic, - | <+ ++ H 7 Short rod. | 0.2x0.5-04x1.0
Hot water. d
Undialysed. | + H 1 9 Rod. 03%06-0.7x1.2
Residue. « | H it HH 11 | Short rod. | 0.2x0.5-04x1.0
Cathodic. | M| 14 ” 0.2x%0.5-0.6x1.2
Anodic. - 4+ H 6 » 03%06-05x1.5
Alcohol. ”
Undialysed. | # | H## | HH | 13 ” 0.3x05-06x1.3
Residue. - L #H A 9 » 03%x05-05x10
| Cathodic. # | M| w13 - 0.2x0.5-0.6x10
Alcoho::dremdue Anodics e H m 6 5 &

ot wiker: Undialysed. <+ +H H 6 Rod. 02x05-06x15
Residue. - + i I 9 | Short rod. | 0.2x0.5-06x1.0
_ Cathodic. o oo o | 12 ” 04x0.5-05x10
A:’:;“:;‘; :’:‘:ﬂt Anodic. - |l & Rod. | 0.2x0.5-06x25

r . |-
e 5, Undialysed. | + | # | w4 | 10 Shg;ta{“ 0.4%0.5-0.6x10
. Residue. - - | + H Y 11 Rod. 03x05-05x%18
Cathodic. | Wi i 9 | Short rod. | 0.3x0.6-06x1.0
Yeast Anodic. H e 14 10 Rod. 02x05-04x12
il Undialysed. [ # | # | # | 11 . 0.2%0.5-06x15

rigina o

solution. W Hitt “ﬂl 14 ” 0.3%0.5-0.5x1.5

Notes: The number of + indicates the rate of growth.

Good growth was obtained with the original extracts of yeast and nodules, and
also with the alcoholic (cathodic) extract, followed by the other extracts (cathodic).
The growth was bad with the alcoholic and hot water extract (anodic).
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Considering the foregoing results, the original yeast and nodule extracts
were effective in all the cases as expected, and among the dialysed extracts, the
anodic content was most effective, followed by the neuntral and cathodic contents
except the yeast extract of which the neutral content was most effective.

Determination of nitrogen and hydrogen ion concenirations :

The nitrogen contents in each portion of eléctrolysed material was deter-
mined by KieLpasr method and the Pu value, by the quinhydrone electrode, and
the results are noted in Table 7.

Table 7.
Nitrogen Contents and pH Values of Dialysed Substance.

Agg?ts Nag}lre Nitrogen 5 Ag‘g?ts Nag?re Nitrogen -
extraction. dialysis. |cOntents. extraction. dialysis, |cODtents.
] (%) (%)

Cathodie. 0.02482 | 8.99 Cathodie. 0.02115 | 8.51
Aleohol

Cold water. | Anodic. 0.00592 [ 2.52 residue + | Anodic. 0.00718 | 252
hot water.

Undialysed| 002672 | 339 | 00 """ | Undialysed| 002190 | 3.35

Cathodic. | 001918 | 836 Alcohol | Cathodic. | 0.01382 | 8.59

Hot water. | Anodic. 000506 | 2.34 | extract + | 4 45 0.00338 | 240
hot water

Undialysed.,| 0.026561 | 3.30 extract. Undialysed.| 0.01861 | 3.27

Cathodic. 001015 | 8.01 Cathodiec. 0.01015 | 8.38
Aleohol. Anodic. 0.00169 | 3.03 Yeast. Anodie. 0.00877 | 2.35
Undialysed.| 001139 | 3.70 Undialysed.| 0.04258 | 3.20

As shown above, the largest amount of nitrogen was found in the middle
chamber or the neutral portion and smallest in the cathodic. The cathodic was
acid and the anodic was alkaline while the middle chamber was acid. Consider-
ing these results in conjunction with the foregoing experimental data, the amount
of nitrogen has little to do in stimulating the growth of nodule bacteria since the
anodic material which contained less nitrogen was more effective than that in
the middle chamber where more nitrogen was found. On the other hand, the Py
value has a great influence over the growth but the difference of Pu values is not
very marked when the culture medium is made up aalthough the 6rigina.1 extracts
showed a marked difference.

Summary.

In this investigation, the electrical nature of the accessory substance by using .
the various extracts prepared from the bean nodules by cold and hot water,
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alcohol and hot water together with the yeast extract. From the results obtained,
the following summary may be made.

1) By electro-dialysis, the accessory nubstance in the bean nodules was
removed partly but not completely.

2.) In all the extracts, the accessory substance was chiefly found in the
cathodic chamber and some in the middle while practically none in the anodic
chamber.

3.) Morphologically a majority of cells were short rod and rod, and the bac-
teroides were comparatively few which were found more in the anodic chamber.

4.) EFElectrically the accessory components in the nodules and yeasts seems
to be different. The yeast extract was very inactive.

5.) No relation between the accessory substance and the nitrogen content
was found although the hydrogen ion concentration of the ofiginal solution
seemed to have some influence.
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