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Introduction

Making studies of the nitrogen ‘metabolism, the plant physiologists have
obtained an interesting result that asparagine can be accumulated to a‘con-
siderable extent from shoots of growing seedlings germinating in the dark for
2 to 3 weeks. This result has been the sub]ect of much discussion in physmlogy
for a number of years

D1ff¢rent theories have been proposed to explain the physiological role of
asparagine and the chemical process involved in its accumulation in plant
metabolism, but the “pro‘cedure and the mechanism of accumulation and other
substances related in plant metabolism are not yet understood even at the

4

present time.

According to Vickery (1945), asparagine,‘ the amide of amino succinic acid,
had been found in asparagus over one hundred years ago and was named so
thereafter. Mothes (1926) credited success to Hartig as having extracted this

substance from seedlings and isolated it for the first time in crystalline form. .

Mothes thought ‘that “asparagine was a translocatlon product -of mtrogeh in
young ‘plant tlssues ’

After extensive microchemical studies on the presence and absence -of -

asparagine’ in all parts of a large number of plants, Pfeffer (1872) attempted to
express some views by concluding that: (1) Protein degradation in plants, because
of the formation of asparagine, differs from urea in animals. (2) Asparagine is
the primary, not the end product of protem break-down and should also be

cons1dered as a storage form of nitrogen. (3) Judged from its presence and
solubility, asparagine is the main translocation product of nitrogen substance.

It moves to growing regions where it combines with carbonhydrates (glucose)

to form protein (Cited by Chinall, 1924). ’ ‘
Schulze (1919) found that asparagine can make up to 252 the dry weight

of etiolated lupine seedlings. Following the suggestion of Bordin, he supposed

(1) Assistant research fellow, Institute of Botany, Academia Sinica.
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~that the accumulation of asparagine in the etiolated seedlings is a response to

starvation conditions under which protein is hydrolyzed and the resulting amino

ac1ds are used as substrates for respiration. He also found that the amount of
. asparagine accumulated greatly exceeds the ‘amount already contalned in the

reserve protem of seeds and that the. release of asparagme by protem hydrolysxs ‘

must take place .at the expense of other amino ac1ds

Similar reaults were obtamed by Pr1an1schn1kov (1922) Hisxi‘\iiew‘ 1s that,
asparagine is developed by the seedlings in response to thie presence of ammonia
in’ the plant and that asparagme synthes1s is in fact a detoxification mechanism. ==

Consequently, the behavior of: the formation ‘of asparagine in plant is in-
: terpretable in terms of Prianischnikov’s hypothesis that asparagine is synthesis
in plant in response to an increase ‘in- ammonia, and provides a mechanism
whereas ,the ammonia concentration is- ordinarily maintained below a toxic
level ' , o

Pr1amschov1kov (1922) also found that by supplymg ammomum salts, ’an

1ncreased amount of asparagine was obtamed ~He- suggested that asparagme :

might result from the union of ammonia and aspartic acid W1th loss of’ Water

but that aspartic acid might not be the partlcular substance on Wh1ch ammonia

would act.

Although the effects of various factors upon  the formation of asparagine
in-seedlings have been investigated ,by sev,er,al investigators, yet nobody seems
to pay much. attention to the relationship between asparagine and amino acids
through the method .of paper chromatography. k

The purpose of the present study is to. gather fundamental information »
from the asparagine formation and its physidlogical signiﬁcance in the seedlings ‘

of Lupinus luteus. There is a considerable body of literature _on the mtrogen
metabohsm of dlfferent plants, but so far as the writer is aware, such study of
lupine prev1ous1y undertaken seems next to none. Yet lupme seeds are rich in
. high quantity of proteins and can produce, in their seedlings, a kmd of am1de,
namely, -asparagine. Owing to this reason,,they, are available as samples for
study under this-subject.

The writer wishes to express his deep apprec1at1on to Professor C.J. Yu
for his many helpful suggestions and cr1t1c1sms offered throughout the process
~of this work. He is also grateflil to Dr. H.W. Li for his valuable advice in
preparing this manuscript. | '

Matenals and Methods
1. Germmatwn of the Seeds

The lupine seeds (Lupinus luteus, yellow lupine) used -in this study  were

supplied by the Taiwan Agriculture Research Institute.
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Lo In preparation for germination, the lupine seeds were sorted out by -hand.
 Broken fragments as well as seeds with broken coating were discarded. The
gelected seeds were soaked for 20 minutes in a dilute uspulum solution (0.1%)
to prevent mold growth. ‘Then the seeds were washed four times with distilled
water at 20°C to 21°C. ‘They were then soaked for 6 hours in distilled water.
Seeds that had been sterilized and soaked were germmatmg in the s‘tenhzed
petri: dishes containing mo1stened filter paper. When the seedlmgs had reached
to 2cm. in height, they Were transferred to the culture vessels.
Forty seedlings were placed on a- double layer of -cheesecloth in a beaker
(500 mL.) covered t1ght1y on the top. The beakers were ﬁlled with distilled water
or cultureeolutmn «The latter ‘varied thh every experiment as was required
{ o.the specral subJect
' I the solutmn got dry, fresh. culture solution was often poured in. . The
Iture was renewed every day at 6 PM
2. Chemical Analysis
‘Seedling samples were purposely harvested at the end of every expenment
Fresh weights were taken after blotting the excess water from -the shoote and
roots. o ' ~
“To determine the dry welghts, the samples were put in the drying oven at
65°C to 70°C for three days and then their Welghts were taken.
Total nitrogen and protein nitrogen were determined from the dried tissue
fby the usual salicylic acid modification of the Kjedahl method. Asparagme\
nitrogen was obtained with the method of Vickery (1935).

3. Paper Chrematography :

These methods were taken after the patterns- employed by Steward and
Thompson (1950). ‘

Some 80 per cent cold alcohol “v{zas used to extract the soluble-nitrogen
fractions. The extract was evaporated by pumping and rediesolve'd in 1ml. of
water prior to chromatographxc examination. A small amount. of chloroform
was added to remove certain fatty matenals The samples were examined with
twordirectional paper chromatography on. sheets of Tung Young No. 2 paper,
with ‘phenol-‘i;vater in the first direction and butanol-water in' the second <direc-
tion.

i

Experlmentatlon and Resuits

FIRST EXPERIMENT The Formation of Asparagine in seedlings of Lupine
g .- germinating in the dark and in light.
PROCEDURE —The: lupiné seeds that had been sterilized and soaked were
germmatmg in the dark and in l1ght separately, from 3 PM. March 4 to 3. PM.
March 18, 1958




“The' “hght” ‘series were kept ina greenhouse with air temperatures varying

from 15°C to 35°C subjected to the usual diurnal: ﬂuctuatxon of light intensity.
'The “dark” series were kept in a dark room, at the temperatures: of ‘about 20°C

to 25°C. At 3 P.M. of the 3rd, 6th, 9th, 12th and 15th days seedlings - of . both
series were harvested respectively. Twenty seedlings were ‘chosen -at random
from each series, and- the1r arithmetical mean in length were calcul ‘tedk

RESU'LTS -‘—The seedlmgs of lupme germmated in darkness Were
and vigerous, with exception at the last stage., After 15 days, the seed~ gs ad\_ o
undergone an obvmus mternal collapse. When harvested, the seedhngs sn .

of ammOma

Table I shows that more asparagine was produced during the first 12 days

s ) QK

-
; DAYS }
Fig. 1. Asparagine formation

. is favored by darkness in the stages
of germination,

- gine.

of germination in darkness. This may be
related to 'some what greater protein

‘hydrolysis during this time and to 'they

fact ‘that- protein - hydrolysis ~was ~mioré
complete in darkness. o ‘

In the dark series, the -asparagine is
.continually increasing in the seedlings all

the stages of the germination. At the
expiration of 12 days, it formed 53 pef cent

- of water-soluble - nitrogen and a third of

protein had been transformed into aspara-

“The - distribution . of - alcohol-soluble
amino acids on the chromatogram is shown
in Fig. 3. It indicates that. the seedhngs
‘germinated in after darkness 12 days,
accumulated ' a cons1derab1e contents of
'asparagme in accordance WIfh the data by

" quantitative analys1s

Table 1 Nltrogen Compounds of Seedlings of Luplne Germmated in

Darkness and in Light

Dark ] Light

) Origin|.
Days - - -
0 | 3| 6| 91215 3| 61| 9|12 15
Tﬁat‘l'N mg/gm dry | 7545 69.23 66.61 64.83 59.27] 4550 70.25 67.55 6491 60.45 60.93
Water-soluble-N 12.15 21.05 3054 37.56 36.92 2835 21.25| 24.69 27.35 29.00 31.78
‘Protein-N | 6330 48.18| 36.07} 27.27)' 22.35| 17.15 " 49.00 42,86 37.56) 3145 29.15
Asparagine-N | trace| 566/ 916/ 1422/ 19.70/ 1248 trace| 3.32 622 856 9.04
‘Asparagine-N' o R ; S g ~
. % Total. 1\1{1 R 817) 1357 21.93 3332 2742 —| 476 958 1416 1432
*Asparagine: - sl ol ar s . : i x el
o Water-soluble 26.88 20.99 37.86| 53.56 42.02 13.04 2270 270 284

W
2

L

|
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‘Table 2. Determination of Amino Acids by Visual Observation of Lupine
Seedlings Germinated in Dark and in Light After 12 Days

Amino acids Dark Light
Aspartic acid: e T SRR
Glutamic acid - e e o+
Serine + N
Asparagine e o A i SR S e
Threonine +4 4
Alanine QTR 4 4
Glutamine + 4o

“Lysine ERERS 4+
» o Arginine e o 4
Valine + A+ 4 b
Leucines RS ISR
Phenylalanine RN P [ T

Minus (—) represents the dlsappearance of amino acid content. :

Plus (+) indicates the amino acid content which tended to mcrease with mcreasmg plus
number.

SECOND EXPERI"MIENT Influence of Glucose on Asparagine Formation.

, PROCEDURE —'I‘he 1up1ne seeds that had been treated as previously des-
crxbed were put to germmate in a dilute glucose solution (2%5) in a dark room.
The controlled series were germinating in the distilled water. This experlment
began at 3 P.M. April 15, 1958. ‘

After 12 days, on April 27, when the lupine seedling had accumulated a
maximal concentration of asparagine nitrogen, the seedlings of both ‘series
were harvested, respectively.

Two grams of the seedlings of each series had been taken for paper chro-
matography by the methods as usual procedure.

RESULTS.—The lupme ‘seedlings germinated on glucose solution appeared
a shorter length in comparison with the controlled series.

The most striking feature of the nitrogen composition of lupine seedlmgs
germinated with glucose is' the high concentration of protein nitrogen. It
forms about 56 per cent of the total nitrogen. S

T'ible’3 shows that the formation of asparagine is inhibited by the presence
of glucose. -When seedlings germinated. with glucose, asparagine forms 20 per
cent of the total nitrogen, but in controlled series, it forms 36 per cent.

The distribution of alcohol-soluble amino acids on the chromatogram is
- 'shown in Fig"5‘ and Fig. 6, and the spots are also identified in same figure.
Exception asparagine, in controlled series, there are some high- content of amme
acids which are- glutamlc acid, serine, alanme, valine, and leucines. :
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Table 3 Length Weights,. Percentage of Moisture and N1trogen Compounds
of Lupme Seedlmgs Germmated Wlth Glucose. After 12 Days

Subject e

Wlth glucose :

Wlthout glucose

Root {cm)
Shoot
“Total -
*Fresh weight
*Dry weight
‘ 24 Moisture
Total-N mg/gm dry wt.
ProteinN ;
Water-soluble-N
Asparagine-N
~. Asparagine-N in 24 total-N_

Asparagine-N in 2% Water-solublefN

= Protein:N in 2% Total-N

84
912
1753

105.16
9.85
90.62
59.41
33.74
2567
12.43
20.92
,48.42

Lo*.gm per 100 seedlings.

Table 5. Determination of Ammo Acids by Vlsual Observatmn of Lupme
Seedhngs Germmated W1th and Wlthout Glucose After 12 Days

- Amino:acids

Ee Wi{:h glucose™

Without glusose

Aspartic acid
Glutamic acid
. Serine
Asparagine
Threonine
Alanlne ‘
Glutamine
LYsine
Arginine
Valine
Leucines

Phenylalanine

+4 4
,++¥++
o
PR

o+

R

B

ot
it
o g

f+++++++++++++l‘
e : e

i

-~

o+
+

N

+t++

e

Minus (—) represents the dxsappearance of amino acid content.

Plus - (+)- indicates the-amino ac1d contents. .which . tended to increase ‘with mcreasmg,

plus number.

THIRD EXPERIMENT Inﬂuence of Oxygen on the Forma’uon of Asparagme
APPARATUS. FOR ANAEROBIC CULTURE~——~A suitable form of- apparatus
of anaerobm culture is shown in Fig. 8. The two bottles A-and. B are ﬁlled

with- saturated solution of . ~meto_ (P- methylammopheno Sulfate) dlssolved in;




gp20/ NaOH “which seérves to remove oxygen from the current of air.  Bottle

- C is filled with the solution of hydro' inone, ‘in’ 15/ NaOH CIt acts ‘as an.
“{ndicator to show whether the oxygen has ‘beén absorbed of not. The desmcator »

D is used to germinate the seeds of lupine under: anaerobrc ‘condition:

The last vessels in the train are bottles E and F ﬁlled with'- the - solution
of meto, which ‘act as safety bottles to prevent” the” oxygen from comlng back
through the aspirator. The bottle F is connected to the aspirator pump with
heavy walled tubing. A clamp ‘serves to-regulate the gas flow.

PROCEDURE —From 3 P.M: May 2, 1958. ‘The lupine seedhngs which ‘had
been germmatmg for: three - days were placed in the desiccator under anaerobic
cond t'on, in the dﬁa_rkﬂ room for contlnual germlnatlon .

: hs rptxon tram /as made to ‘be gas -tight, -the current of air
must be. aspirated through the apparatus for 15 mmutes three times a day.

‘The absorption solution of the train had been changed every other day in
order to maintain a high efficiency in the absorption.

The controlled series were usually placed under aerobic condition in the
same dark room. After a week, on May 9, the seedlings were harvested and
treated just as the former experrment : k

RESU'LTS -~F1g 5 shows that seedhngs germlnated under anaerobic condmon
is shorter than those under aeroblc condition, but they have a higher average
dry weight. - - : , o

. Table 5. Length Weights, Percentage of Moisture and Nitrogen

‘ Compournids of Lupine Seedlings Germinated in Aeroblc '
and Anaerobic condition After 10 Days

Subject ‘ ~Aerobic Anaerobic - '
~ Roots (cm) 11140 568
* Shoot 10.32 473
Total ; 21.46 1041
"o *Fresh weight . - 90.15 6878 -
*Dry weight 6.76 7.95 -
% Moisture : 90.11 -87:58
Total- N (mg/gm dry wt) 59.33 50.19
 Protein- N 25.41 2231
Water-soluble-N 3392 ~ 27.88
" Adparagine-N 1z 876
Asparagine-N in % Total N 24.13 ‘ 17.47
‘Asparagme~N in / Water-soluble-N 4221 8126

*. gm: per 100 : seedlings.

kThe data in Table 5 show that

a considerable loss of .“niémgen: from the
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seedlings . germinated under, anaer«obm conchtmn In both serjes -the “hydrolysis |
of protein occurred at. the same rapxd rate

of the water -soluble -

o In aerobxc senes, ,asparagme-N forms 42 per ce ¢
mtrogen or 24 per cent of total mtrogen. In the other ' I'lE:S” it forms 31 -per
cent and 17, per cent « e ;

The drstnbutlon of alcohol soluble ammo ac1ds on the chromatogram is
shown in F1g 10 and F1g 11 . S
‘ It is a very 1nterest1ng fact that there are much amount of asp

and argmme found in anaerobic series, so ‘we may suggest that aspartlc ~amd~;=f .

and. argxmne;have relation to the precursor of asparagine.

Table 6. Determination of Amino Acids by Visual Observation of Lupine
~Seedlings Germmated in Aerobic and Anaeroblc Condltlon

Amino acids® ‘ Aerobict . , Anaerobic :
. Aspartic .acid vy ; R ‘ : ’++++++++ “
. Glutamic acid e o S Sl cawy L L

Serine —— : S e
Asparagine . [ YRR I S FE
Threonine B e , g

© Alanine A ' ‘ - : e
Glutamine - PR —_—
Lysine; ; 1o g S N .

Arginine ~ T I bk
Valine R [ T o e
Leucines SN B T RN B ity
Phenylalanine ot +HE :

Minus (=) represents the dlsappearance of amino acid content. : (e
Plus ~ (+). indicates the amino ac¢id contents which tended to increase with mcreasmg
plus number

FOURTH EXPERIMENT The Formation of Asparagme through: leferent
- Nitrogen Supplies.

PROCEDURE —Lupme seeds that had ‘been sterilized and soaked were made
to germmate in distilled water 1n a greenhouse, begmmng from 3 P.M. Septeme
ber 27, 1958.

After a week, the seedhngs were about 8cm in height and then were
divided in four groups to be cultured in the followmg solutions: .

(1) Distilled Water

- (2)+ Urea-(0.29) -
(3) Sodium Nitrate (0.2%)
- (4)> Ammonium Chloride (0.295) .
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~In ammomum chlo"nde ‘solution, a little of CaCO; had. been added, in order

to neutrahze the physmloglcal acidity -of  ammonium - salts.” The legumes ‘in

partlcu; it seem to require calcium to neutralize the acid reaction of ammonium

chlorlde, which appears to inhibit the formation of asparagine - (Prianischnikoy

,1922) All the solutions were adjusted to pH 6,7 by addmg 05-0.7¢cc. of 1 N
~ ,potassxum hydroxide per liter.. - .

: RESULTS.—Seedlings grown in the urea solutlon show a more . luxurlant

than e:ther of the groups of plants grown 1n the ammomum solution or, m

nitrate solution. : ,

The 1nﬂuence of the forms of mtrogen in the culture solutlon on the forms
of mtrogen in the seedlmgs is ev1dent in Table 7.
he - tal mtrogen in the ammonium seedlings is the greatest amoung the
'This is due to a much greater concentration of insoluble or

'four groups .
, proteln mtrogen Apprec1ab1e amount of the total nitrogen is also found 1n
the urea seedlmgs :

Seedlings cultured in the ammonium solution are chziracterized by larger
quantities of asparagine. Asparagme nitrogen is also formed a relatlvely high -
proportlon of the total mtrogen present in urea seedlings.

. Table 7. 'Weight, Percentage of Moisture, and Nitrogen Compounds of
' Lupine ‘Seedlings Cultured on Different Nitrogen
" Supplies After 21 Days

. r Distilled | Sodium | Ammonium
Subjects o - Water Urea . | .- nitrate - . |. chloride

*Fresh weight = L7136 6874 6815 | - 7064
*Dry weight ' 684 | 7.12 . 6.80 725
% Moisture - '90.14 . 89.63 902 | 8973
Total-N 54.75° 76.46 65.03 . 7866
_ Protein-N 23.96 35.16 3105 .. 3405
Asparagine-N ) 1042 | 1804 1258 | 2016
- Asparagme N in 2 Total- N 19.03 23.59 19.26_v 25.63
“Water-somble. o ©3079 | 4130 13398 | 4461

* gm per;lOO seedlings‘.(' '
Discussion

From the data of these experiments, wé have found that there are five
significant points that constitute ‘a considerable importance to the formation
of "asparagine ‘and‘its: physiological function in the lupine seedlings.

1. ‘The similarity of the catabolic process in the lupine seedlings whethér
kept in lightor in the dark g




9% | e - |
From the Table 4, We know v‘ery well that the: protein hydrolys1s ‘proceeded

at approx1mately the same rate “regardless of 111um1natlon for the first six days;
‘ subsequently, after 12- days the rate of hydrolys1s of protem m the “hght”

‘amino acids are then believed to be transported to “the growmg ¢
regions where they are resynthes1zed as protein. : :
In

etiolated seedlings, under starvation condition, amino acids may be used as

However, the lupine seeds contained a low amount of carbohydrate

substrates “for respiration. At the end of oxi'dation, an excess of ammonia was
produced from the seedlmgs (Pr1amschmkov 1922) Accordmg to Prlanlschnlkov s

hypothesis, asparagme synthes1zed in seedlmgs is'in response o an excess of
ammonia, and prov1des a mechamsm whereby the ammoma conc ntr t'on is

ordmarlly mamtamed below a toxrc level.
~ Schulze (1919) found that the amount of asparagme

exceeds the amount already contained in the reserve protein of’the seeds andl S
that- it is released by protein hydrolys1s during the germination. 'We are shown ' PR :
clearly that asparagine synthesis must take place at the expense of other amino
acids.
" Fig. 1 and Table 1 show that durlng the first 6 days of germination in
darkness niore asparagme and water soluble mtrogen was produced than that
in light. This may be related to the somewhat ‘greater protem hydrolyms
during: this period in darkness than in. hght and to the fact tha;t protei

hydrolysis was more complete in darkness. The ﬁgures in Table . I‘ show th at"’k,

aftet 15 days a three-fourth of protein nitrogen had been converted mto ater- :
soluble nitrogen in darkness, whereas in light, only half protein mtrogen could‘
be water- soluble.

Vickery (1943) reported that the synthes1s and accumulatlon of asparaglne
is characteristic of the germmatlon and growth of etiolated seedlmgs only over
a restricted period. - With advancmg depletion of the, reserve of the seedhngs,
the asparagine finally begins to disaopear, while free ammonia appears simul-
taneously. This state is ordinarily followed very qulckly by the death of plant

2. 'The influence of carbohydrates on asparagine formation. k
, Table I shows that in ‘darkness asnaragme synthesis was very rapid during
the 6-12 days period. At the end of the 12th day, the seedlings contained more
than twice as much asparagine as that in the, seedlings germinating in- light.
Apparentlgr it may be suggested that metabolism conditioned byzykthe, presence
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or absence of light is of primary importance in the- secondary synthesxs of

-asparagine. This explanation seems not accurate. Lupmes growmg in-light

have no such accumulatmn of asparagine as that found in lupines ‘growing in

‘dark. It is not due to the -direct effect of light ‘but to the presence of

carbohydrates in light (Prianischnikov 1922). In ‘Table 3-it is evident- that
lupine seedlmgs germinating with glucose accumulated a little asparagine.

One may ‘conclude as did Prianischnikov (1922), therefore, that, because of
carbohydrate shortage, reserve proteins of seeds will be hydrolyzed - and there
will be found ‘amino acids, which, through oxidation and secondary . synthesis,
will produce acid amides, asparagine. But if carbohydrate supply is ‘abundant,
the reverse process will take place. ;

3. 'The importance of relation of the asparagine formation. with oxidation.

Table 5 shows evidently that protein may be decomposed in lupine seeds
with or without the presence of oxygen. In the presence of oxygen, ‘however,
asparagine appedrs as the main water-soluble nitrogen substance.. With further
oxidation it is broken down to NH,. That oxidation is really essential to the
production of asparagine has been demonstrated by Suzuki. (1902) with barley
and soybeans. The latter found that there was not only an increase of as-
paragine when seedlings were germinating in ;,kdarkness with the presence - of
oxygen, but also a marked decrease of amino acid. Without the supply of
oxygen, asparagine is not formed - but amino acids are accumulated. With
further oxidation and abserice of carbohydrates, ammonia is produced in large
quantxtles owing to the break:down (oxidation) of asparagine.

Sure (1916) also showed that in the shoots of pea seedlings there was:a
similar decrease of amino acid and ammonia. 'This indicates that ‘amino acid
serves or asparagme production in the nitrogen metabolism of the etiolated
pea plants”. :

What kind of amino acid serves for the formatlon of asparagme through
the process of oxidation is still unknown at the present time. According to
Murneek (1935), the mono-amino acids may be oxidized and release ‘amino groups
(NH,). Some of these may be oxidized to aspartic acid, and others will split
off with ammonia. A union of aspartic acid with ammonia forms ammonium
salts, from which, through dehydration, asparagine is produced.

The figures in Table 6 show that there is a great amount of aspartic “acid
and arginine bear relation to the precursor of asparagine.

4. Asparagine being synthesized from ammonium salts.

“Mable 7 indicates ‘that ammonium chloride is a better nutrient form of
nitrogen for the formation of asparagine than nitrate. In other words, this:
expefiment shows evidently that the. conversion mechanism of ammonium

. nitrogen to asparagine nitrogen is easily obtained but it is not so with nitrate.
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; Asparagme mtrogen may be converted 1nto protem nitrogen under abundance
of carbohydrate : : S e e
: Prramschmkov (1922) has demonstrated that by supplymg salts of mtrogenff
: to certain’ seedhngs the1r asparagine content 1“s markedly 1ncreased For thi
purpose ammonia is a better source of nitrogen than mtrates, When. the phy-,y -
: s1olog1ca1 acidity of ammonium salts is neutralmed by a base. The 1mportance‘
" of calcium in this respect is not clearly understood (Murneek 1935). - Prianisch-
nikov thinks that Ca incredses respiration and hydrolysis of protein. '

“‘Except ainmonium chloride, Table 7. shows that urea is also a better nutriént - .
form for the formation of asparagine. According to Suzuki (1902), it is frequen- "~

tly a better nutrient form of nitrogen for the formation of asparagine than ;
ammonium salts.

5. The mechanism of asparagine formation in plants.

Although the close correlation of asparagine synthesis with the presence
of ammonia is obvious, the nature of the other components and the process

of syrithesis are by no means clear. That asparagine may; rise d1rect1y from -

the tissue protein by hydrolysis of peptrde bone is possible but the quantmes
actually ‘observed under many experimental conditions are far in excess of the
quantities that could be provided from this source on any resonable hypothesis
of protein const1tut10n Thrs ‘was clearly pomted out by Schulze (1911) many

- years ago.

The probab1l1ty that precursors of asparagine are products of carbohydrates
metabolism follows from the early ’work Of;;,, Suzuk1 (1902) and was carefully
examined by Prianischnikov (1922) and by '»‘Sm’irnov (1923) but experiments
designed to ascertain their nature have not beenkenti‘rely sfucessfnl.rk 5
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