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Studies on the Relation between Urease in Soy-Bean
Seedlings and the Nutrient Value of Urea
as a Nitrogen Source

By
SENNOSUKE YAMAGUCHI

(With 6 Text-figures)

The occurrence of urea in the plant body was reported for the
first time in fungi by BAMBERGER and LANDSIEDL (1903). WEYLAND
(1912), Fosse (1912; 1913 a,b; 1928), IWANOFF (1923 a,b,c,d;
1924 a,b; 1925) confirmed the existence of urea in some fungi and
also in many higher plants, and its physiological meaning for the
plant growth was discussed by some of them. These observations
have called new attention to the réole of urea in the field of nitrogenous
metabolism of higher plants. Recently KLEIN and TauBock (1927;
1930; 1931 a,b; 1932a,b) and TauBick (1927) proved that urea
exists in Angiosperms, and they made researches upon the signifi-
cance and the process of the appearance of urea in the green plant,
studying the relation between urea and ureides. TAKEUCHI (1907),
for the first time, demonstrated that urease exists not only in lower
organisms, but also in higher plants. From the frequent occurrence
of urease in the plant body and its catalytic action in the hydrolytic
process, it is affirmed that urease plays a great role in the utilization
of urea and in its distribution in the plant body. According to KIESEL
{1927) ‘urea can not exist unchanged in the plant body, if urease
occurs, and the conditions under which urease exists, are closely
related with the decomposition of urea. PIRSCHLE (1929) confirmed
with many higher plants, especially in the root, that an intimate
relation exists between urease and urea in the culture solution.
TAauBGck (1927) ascertained the same relation also between the ac-
tion of urease, and the amount and distribution of urea in a plant
body. From these investigations it may be seen that urease has
a close physiological relation with the nitrogen metabolism in plant
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body, so far as urea is produced in plant body or resorbed as itself.
Also TRUFFANT and BEZSSONOFF (1924), KOSTYTSCHEW (1926),
Aso and YosHIDA (1928), TANAKA (1931), YAMAGUCHI (1931, 1935),
PirsCHLE (1931) and KULTZSCHER (1982) studied on the nutritive
value of urea in the nitrogen metabolism of the higher plants. In
his previous papers, the writer reported the results of the studies
on the resorption of urea by the root system of the higher plants
and on its nutrient value as a nitrogen source, using water culture—
ordinary and sterile—sand and soil- cultures. In the present work
further studies were conducted, and it was found how important
in the determination of the nutrient value of urea are its concentra-
tion in the culture solution, the method and duration of the culture
and the action of urease. Soy-bean was selected as the most suitable
material for the present purpose, since many uniform seedlings can
be easily obtained and they contain a large amount of urease.

I. The Change of the Action of Urease in Soy-Bean
Seedling in the Cource of Growth

TAKEUCHI (1909) found urease both in the resting seed and
in the seedling of soy-bean, and extracted urease with water very
easily. WESTER (1921) tested the occurrence
of urease in every part of soy-bean seedling,
and he recognized that urea exists in larger
quantity in the cotyledon than in other parts.
Later, KLEIN and TaAuBOck (1927) and
TAUBSOCK (1927) proved that urea or ureides
exist in soy-bean seedling, using xanthydrol
as reagent. According to them the occurrence
of urea or ureides in every part of a soy-bean
seedling has intimate relation with the distri-
bution and the occurrence of urease. In the
following described experiments the writer
attempted to investigate the relation between

F . the change of the action of urease and the
‘g" ’ growth of seedling of soy-bean, in order to see
: f;lg:;é%l;ige leaf. the significances of urease in respect to the
¢ attached part. nutritive value of urea as a nitrogenous
d hypocotyle.
e root. source.
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The seeds of soy-bean were germinated in sawdust watered with
tap-water, and when the primary root reached three or four cm
length, the seedlings were transferred to tap-water and cultured for
some days. Then the seedlings were taken out of tap-water, and
after sufficient washing in distilled water, each plant body was
divided into the parts of the first foliage leaf, cotyledon, hypocotyle,
epicotyle, part of the cotyledon attached to the hypocotyle, and root
(Fig. 1.). Each of these parts to a definite fresh weight was
separately ground in a porcelain morter, and added with 30 c.c. of
30% alcohol. The thus prepared gruel was left to stand for thirty
minutes, and then filtered. Filtrates were prepared from each part,
and they were put into an ERLENMEYER’s flask of ca 50 c.c. capacity
with other substances. ‘

Alcohol extract of sample 5 c.c.

Urea (M/100) 25 c.c.
Phosphate buffer mixture 5 c.c.
Phenolred (0.04%) 5 drops
Thymol a small piece

The pH-value? of this mixed solution was 7.8 or 7.4 and remained
unchanged during the experiment. After keeping this mixture for
2 hours in the thermostat of 30°C., the total free ammonia was
estimated by the micro-KJELDAHL method. As control a mixed solu-
tion was used, which was prepared using distilled water instead of
a 0.01 mol urea solution.

From Table I it will be seen that the occurrence of urease in
soy-bean seedlings varies greatly according to the part of the plant
body ; it is contained to a large amount especially in the cotyledons.
However, the action of urease in several parts of a seedling decreased
during growth. The catalytic action of urease was not found in
root, hypocotyle, epicotyle, and the first foliage leaf of the seedling
cultured for about ten days. On the other hand the decrease of the
urease action occurred more slowly in the cotyledon than in other
parts, but this action was recognized no more in the 26 days culture.
Tables II and III show, that the amount of urease in the cotyledon
decreased with the growth of the seedling and in the course of the
culture, also that urease was not found in the cotyledons, which
became fairly hard and brown in colour. In the cotyledons, of which

1) This pH-value was reported as the optimum for the urease action
(LOVGREN, 1921).
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Table 1.
(Fresh weight of sample = 1 gm.)

Duration of culture (days)

Part of
seedling 4 I 6 | 10 11 16 26
Urea decomposed
(mg.) (£0.03) 15.00 | 14.85 | 14.55 7.98 3.89 | 0.09
Cotyledon Percentage of
" | urea decomposed 100.00 | 99.00 | 97.00 | 53.20 | 25.81 1.80
Attached Urea decomposed | 14.62 | 10.20 — 0.16 0.48 0
part of P
ercentage of
cotyledon urea decomposed 96.80 6.80 — 1.00 3.20 0
Urea decomposed — 0.81 0 0.03 0 0
First

foliage leaf | Percentage of

urea decomposed | 5.40 0 0.20 0 0

Urea decomposed — — 0 0 0 0
Hypococyle Percentage of _ _ 0 0 0 0

urea decomposed

Urea decomposed — 10.08 0 0 0 0
Epicotyle

Percentage of

urea decomposed - 67.20 0 0 0 0

Urea decomposed | 13.74 1.58 0 0.06 0 0

Root
Percentageof 1| g1 69 | 1960 | o 040 | 0 0

urea decomposed

the colour changed from fair green to yellow brown, the action of
urease decreased extremely. The duration of the cultivation may,
however, be regarded as the more important index for the amount
or activity of urease. The culture of long duration resulted in change
in the hardness of the cotyledon. KIESEL and TRoITZKI (1922) stated

Table II.
Duration of culture Colour of Number of Urea decomposed
(days) cotyledon cotyledon - (£0.03 mg.)
4 Green 5 13.80
8 Yellow 5 0.09
20 Brown 53 004
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Table III.
(Cultivated for 21 days)
Weight of Urea decomposed Percentage of

Colour of cotyledon cotyledgon (gm.) (mg.) (10.03) urea decomposed
Light gray green 1.0 0.33 2.20

Light green yellow 1.0 0.09 0.60
Yellow 1.0 0 0
Yellow brown 1.0 —0.03 0

that dryness of material checks the catalytic action of urease. From
Table III it will be seen that the amount of urease was very little in
the case of the long culture, though the colour of the cotyledons was
fresh green.

As accumulation of ammonia in plant body has injurious effect
on the plant growth or acts additively to the similar injury of urea,
it is not unreasonable to consider that the decomposition of urea
causes such an unfavourable condition. In faect the injurious effect
often observed in the young stage of development of soy-bean, when
the large amount of urease was found in its body. Old seedlings
were not so strikingly influenced by the accumulation of urea or
ammonia as young seedlings, though the former were cultured in
a high concentration of urea. This is due to the fact that the action
of urease is weaker and the amount of carbohydrates is larger in
the old seedlings than in the young.

II. The Decomposition of the Resorbed Urea and the Change of
Hydrogen Ion Concentration in the Seedlings of Soy-Bean

As the catalytic action of urease is very quick, its occurrence in
the plant body may affect the change or transportation of urea. In a
writer’s previous paper (1931), the occurrence of a very small amount
of urease was demonstrated in the part of embryo and scutellum
of the seedlings of Zea Mays, but in the other parts it was not detect-
ed. Applying the xanthydrol method after Fosse (1913),V it was

1) KLEIN and TAUBOCK (1927) and MEvius (1931) pointed out that this
reaction is not limited to urea, but also can be applied to ureides. From the
writer’s experiment it may be reasonable to say that the crystals which appear
in the tested material after the addition of the reagent indicate the reaction of
urea or at least ureides which can be derived from the resorbed urea.
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found that the resorbed urea was transported up to the leaves with-
out change. One part of the resorbed urea was detected unchanged
in the drops of the guttation and the amount of urea exuded was
variable in accordance with the concentration of urea in the culture
solution. On the contrary, in the case of soy-bean, urease was found
not only in the cotyledon, but in every other part, in such amount
that the resorbed urea was very rapidly decomposed in the plant
body. In order to test the decomposition of urea the following ex-
periment was carried out: After sufficient washing with tap-water
the young seedlings were transferred into tap-water, and afterwards
the urea in the cell sap of seedlings was tested every day with
xanthydrol. Urea in the cell sap of the seedlings cultured in a low
concentration soon disappeared, while it was detected as itself in
the seedlings cultured in a high concentration (0.05-0.01 mol) for
2-3 days.

It is not yet certain, whether the injurious effect of the accumula-
tion of ammonia is due to the decrease of the intracellular hydrogen
ion concentration or to other more important factors. It is not, how-
ever, unnecessary to test the change of the actual acidity which is
probably caused by the decomposition of urea. Young seedlings
which had been previously cultured for 10 days in tap-water, were
transferred into solutions containing 0.1, 0.05, 0.01, 0.005 and 0.001
molar urea respectively; the hydrogen ion concentration of the ex-
pressed sap of each seedlings was determined in the following man-
ner, using the indicators of CLARK and LUBS: A very small drop
of indicator was put on non-alkaline objective glass. After drying
of the indicator solution, a drop of the expressed sap of the shoot
was added to it, and the pH-value was determined. From Table IV

Table IV,
Concentration of PH of expressed sap of shoot
urea (mol) - after 1 day after 2 days
0.1 7.6 8.6
0.05 7.0 7.8
0.01 6.4 6.8
0.005 5.6 5.8
0.0001 5.5 5.7
0 5.5 5.5
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it may be seen that the hydrogen ion concentration of the cell sap
decreased in accordance with the decomposition of the resorbed urea,
which depends upon the amount of urea in the culture solution and
the duration of the culture.V

III. The Influence of Photosynthesis on the Nutrient
Value of Urea and the Growth of Soy-Bean

The accumulation of a large amount of ammonia in the plant
body poisons it. As already stated by TANAKA (1931), KULTZCHER
(1932) and YAMAGUCHI (1935), such an unfavourable effect is
diminished by the addition of glucose to the culture solution or by
keeping carbohydrate in the plant body. The young seedling of soy-
bean contains a large amount of urease in its body, as stated in the
foregoing section. If young seedlings are grown in the urea culture
solution, it may be expected that they would sometimes be injured
by the accumulation of free ammonia produced by the decomposition
of urea, because they are deficient in carbohydrate. This may be
also the case, when they are cultured under. condition unfavourable
for the photosynthesis, where carbohydrate can be produced very
poorly. On the contrary, if the decomposition of the resorbed urea
has no chance to occur and the amount of carbohydrate in the plant
body is large enough, the ammonia poisoning seems scarcely to
happen. The following experiment was carried out in order to
ascertain these relations.

Young seedlings of soy-bean cultured previously in tap-water
for some days, were transferred into a 0.008 molar urea solution.
One series of the cultures was kept in the dark and the other in the
light® for 10 days. All cultures were carried out in the green house.
The appearance of shoot and the leaf colour in the dark were poorer
than those in the light, and more abnormal in the urea solution than
in tap-water (Fig. 2). This result was just as expected, and the
poor growth or sometimes the injury in the dark can be due partly
to the want of the potosynthesis product, that is to say to the accumu-
lation of ammonia in excess in the plant body. Further experiments
were carried out for the same purpose, using various concentrations
of urea.

1) A similar relation was mentioned above.
2) The shoot was illuminated, but the root was kept in the dark. The same
culture condition may be applied to other similar experiments.
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Fig. 2.

1. dark, control (no urea) 4, light, urea (0.008 mol)
2. dark, urea (0.008 mol) 5. light, urea (0.008 mol)
3. light, control (no urea)

Young seedlings, were transferred into separate culture vessels,
each containing 400 c.c. of 0.01, 0.008, or 0.005 molar urea respec-
tively, and kept in the dark and in the light for 9 days. Cotyledons
were kept or removed. The results are shown in Table V. The
growth of seedlings and the leaf colour in the light was better and
more uniform than in the dark, in every concentration of urea. In
the dark the growth and the injury occurred variously and the leaf
colour developed differently, according to the concentration of urea
(Figs. 3, 4, 5 and 6). That the preserved cotyledons benefit the
development of seedlings is chiefly due to the supply of the non-
nitrogenous substances which are utilized as nutrient matters on the
one hand and on the other hand are useful for the antidotal action
to the ammonia or urea poisoning.

In the foregoing experiments it was shown that carbohydrates,
either produced by photosynthesis or delivered from the cotyledons,
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Table V.
Concentration Cotyledon In the dark In the light
of urea (mol) y g
With Leaf very small and Leaf small, green
yellow
0.010
: Shoot and root very poor,
| Without root injured Leaf small, green
. Leaf small, slightly af o
With vellow, root poor Leaf green
0.008 if .
. Shoot and root poor, Leaf green, root not
| Without root injured injured
S | _ N
| With | Leaf and root small Leaf and root normal
0.005 —
Without Leaf and root very small Leaf and root normal
,,,,,, ‘, = - - — e
With 1 Shoot and root very good Growth very good
Not given ‘ —— ——— | =
Without Shoot and root good Growth normal

1. light

Fig. 3.

2

0.005 molar urea
2. dim light

(without cotyledon)

3.

dark
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1 2 3 4 5 6
Fig. 4. (without cotyledon)
0.008 molar urea 0.01 molar urea
1. light 4. light
2. dim light 5. dim light
3. dark 6. dark

Fig. 5. (with cotyledon)

control 0.005 molar urea
1. light 4. light
2. dim light 5. dim light

3. dark 6. dark
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Fig. 6. (with cotyledon)

0.008 molar urea 0.01 molar urea
1. light 4. light
2. dim light 5. dim light
3. dark 6. dark

act as the partner of urea in protein synthesis. If the plant is cul-
tured in the light and the photosynthesis occurs so strongly that
urea is utilized as soon as it is resorbed by plant root, ammonia,
which is produced from urea, can not accumulate in the plant body.
It has been also proved that the hydrogen ion concentration in the
plant body decreases in accordance with the accumulation of free
ammonia from the resorbed urea. Therefore, it may be considered
as possible that photosynthesis so acts indirectly as to prevent this
decrease in the plant body. In order to ascertain this relation the
change of actual and total acidity of the expressed sap was measured,
which was obtained from the soy-bean seedlings cultured in urea
solutions of various concentrations and under various light intensi-
ties. Each three grams of fresh material of shoot and root were
ground in a porcelain mortor, and 25 c.c. of redistilled water was
added; the thus prepared gruel was left to stand for about 5 minutes,
and then filtered using a BUCHNER’s funnel. Ten c.c. of each filtrate
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of the root sap was titrated with sodium hydroxide (N/100), using
phenolphthalein as indicator. The total acidity of the filtrate from
the shoot could not be estimated on account of the interference of
chlorophyll colour. The hydrogen ion concentration of the expressed
sap was determined by the quinhydrone electrode.

Table VI.
Concent- | | Light . Dimlight Dark
ration of P&g&lgf ﬁz(c)li)}; Total acidity Total acidity Téta?ac;dity-
urea (mol) =NaOH (ce)| PH  Now om eyl PH | Nyaon (cey| PH
(£0.02) 100 100 ‘
S A o R Il Siea it I
Shoot With — 6.4 — ‘, 6.2 | — 6.3
Without — - — [ — —_
Not given -
Root With 1.44 5.9 0.98 6.3 1.05 6.2
Without — — — - — —
Shoot With — 6.6 — 6.3 — 6.4
Without — 6.4 - 6.3 — 6.0
0.005 - _— i ]
Root With | 1.39 6.6 0.80 7.0 1.40 6.5
Without 0.92 6.9 0.80 . 6.7 0.28 7.2
. o | Y |
Shoot | With - 6.6 - &3 - 6.3
Without - 6.5 — ' 6.6 | — 6.7
0.008 e e e | e e ' -
Root | With 1.79 . 6.5 080 | 7.1 0.82 6.8
Without 1.51 7.0 0.90 7.7 0566 74
Shoot With — 6.6 — ‘ 6.4 — j 6.3
Without — 6.4 — 63 — ! 6.8
0.010 ; ‘
Root With 1.27 6.9 1.31 . 6.8 1.26 7.0
| Without 2.00 6.9 0.96 6.9 1.50 7.0

From Table VI it may be seen that the pH-value of the sap
obtained from the plant cultured in a urea solution was a little larger
than that from the culture without urea, regardless of the light
intensity. This difference of the pH-value was seen especially in the
root. The total acidity of shoot and root in the illuminated culture
was larger than in the case of those in the dim light or in the dark,
and it was also larger in the seedlings with cotyledons than in those
without them. As already shown in Figs. 3, 4, 5 and 6, the growth
of seedlings with cotyledons was better than of those without them,
and this relation was more remarkable in the light than in the dark.



Table VIL.

Light In the light In the dark

Shoot With Without With Without
Concentration of urea (mol) 0.005 0.006 0.006| 0.01 |0.005| 0.01 | 0.005| 0.01 | 0.005| 0.01

Time in tap-water (in hours) 1/2 2 2 48 48 48 48 48 48 48 48

Culture a b a b a b a a a a a a a a

initial 71 7.1 71} 7.1 71 721 71§ 71 71| 71| 71| 71 71| 71

pH — e —

final 70 70| 70| 70, 70| 7.0 53| 56| 68| 69| 66| 63| 66 | 6.7
Dry weight of root (gm) - - -~ — — — | 0.594[0.220 | 0.170 | 0.208 | 0.501 | 0.616 | 0.202 | 0.237
Free ammonia %nogfg"wate’ mg) o] of| o o 0| o] o |0034/1.210 3.570]0.714]1.598 |2.516 | 4.012

Number of seedlings 3 3 3 3 3 3 9 8 3 3 9 9 3 3

BAI[) JO ON[BA JUSLIINN PuU®B sIUI[Podg UBd-A0S UL 9$8BII[)

69
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If the accumulation of ammonia is prevented, its excretion from
the root is not to be expected. From this consideration it is not
improbable that there is a certain indirect relation also between
the photosynthesis and the ammonia excretion which does really
occasionally happen. In order to prove this relation the following
experiment was carried out.

After the culture in tap-water for 10 days, young seedlings of
soy-bean were transferred to the urea culture solution, and cultured
for 10 days. Then the seedlings were throughly washed with tap-
water and cultured again in tap-water in separate culture vessels.
After two days the amount of free ammonia, which was expected to
be excreted from the root system into the tap-water, was estimated
by the micro-KJELDAHL method. The experiment was conducted
under the following conditions:

1. In the dark 2. In the light
a. with shoot a. with shoot
b. without shoot b. without shoot

Duration of the culture in the urea solution: Sep. 1-Sep. 7 (1932).
Duration of the culture in tap-water: Sep. 7-Sep. 9. Temp.: 21°-
29°C. in the green house. Concentration of urea in the culture
solution was 0.005 and 0.01 mol. Each culture vessel contained
400 c.c. of urea culture solution. Table VII shows that free ammonia,
which was produced in the plant body as the result-of the decomposi-
tion of the resorbed urea or resorbed as itself, was excreted again
into tap-water. The amount of the excreted ammonia was larger in
the dark than in the light, and larger in plants without shoot than
in those with it. Such a result clearly indicates that the role of
photosynthesis must be taken into consideration in the case of studies
on the resorption of urea and the utilization of ammonia resorbed
by the root system of plant.

Conclusion

From the results of the experiments in the present investigation
it must be remembered that the role of urease for the utilization of
urea as a nitrogen nutrient can be estimated only under the considera-
tion of the culture condition, especially of the supply of carbohydrate.
In this connection photosynthesis and nutrient storage in cotyledons
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may be considered as important factors. Although urease is regarded
as an indispensable factor for the assimilation of urea, its occurrence
in a large amount in the plant body is not always favourable for the
sake of the plant growth, rather causes the injury. The injury is
due to the accumulation of the free ammonia, as in the culture sup-
plied with ammonium salts in a low- hydrogen ion concentration.
Question, whether the ammonia poisoning is attributed to the
decrease of the intracellular actual or total acidity can not be clearly
answered now.

LEeA (1890), SHIBATA (1904), Dox (1909) and Miwa and YosHII
(1934) are of opinion that the action of urease is always intracellular
and this ferment is unable to pass out, so long as the cell is living.
MIQUEL (1890), on the other hand, claimed that a powerful urease,
quite free from bacteria cell, could be obtained. The present investi-
gation demonstrated that urease is not able to come into water out
of the root of the soy-bean during culture. This is important to
the growth of soy-bean, which contains much urease, in order to
escape unfavourable extreme change of the pH-value of the culture
medium with urea.

PIrRSCHLE (1929), YAMAGUCHI (1935) and others found that the
nutritive value of urea in the field culture depends to a large extent
upon the kind of soils. It varies according to the difference of soil
nature, species, number and activity of bacteria, especially of uro-
bacteria. Therefore, it may be said that the nutritive value of urea
for the higher plants depends upon many outer and inner factors,
which are related with each other in a very complicated manner.

Summary

1. Occurrence of a large amount of urease was ascertained in
every part of soy-bean seedlings, especially in the cotyledon. But
the urease action decreases in the course of the plant growth. Rich-
ness of urease in the plant body is not always favourable for the
nutrient effect of urea, and sometimes promotes the ammonia poison-
ing. In this connection the young seedlings are more easily injured
than the old ones.

2. The hydrogen ion concentration of cell sap of soy-bean
decrease in accordance with the amount of urea in the culture solu-
tion.
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3. A deficit in carbohydrate in the plant body very rapidly
caused ammonia or urea poisoning due to their extreme accumula-
tion. Photosynthesis diminishes the injurious effect in the dark,
the actual and total acidity of the expressed sap became weaker than
in the light, and free ammonia was excreted from the root. Urease
is an indispensable factor for the assimilation of urea and occasional-
ly acts as an injurious factor for the plant life at the same time.

4. By the ordinary water culture it was found that urea is
resorbed in unchanged form by the seedlings of soy-bean, and it
disappears in the plant body within a short time, owing to the action
of urease.

5. The nutrient value of urea for soy-bean seedlings depends
upon the concentration of urea, the urease action in the plant body,
the degree of photosynthesis and the preservation of cotyledons.

The writer wishes to express his sincere gratitude and hearty
thanks to Prof. T. SAKAMURA for his suggestions and guidance in
the present work.
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