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SUMMARY

Asparagine biosynthesis by soybean sprouts grown under the dark conditions has been:
demonstrated. The amount of free asparagine synthésized in ten day-old soybean sprouts:
increases to 22.7% on the dry weight base. The effects 'of‘ nitrogen compounds such as.
NH.Cl, (NH,):S0, and urea on asparagine' synthesis during the sprouting were examined:
and the results showed that urea was more effective than. other two compounds.

Glutamine-dependent asparagine synthetase was. partlally purlﬁed (8.6 folds) throughv
ammonium sulfate fractionation, followed by Sephadex G-150 gel filtration. The enzyme:
was very labile and required protection by thiol groups or high level of glycerol. The:
mixfure of ATP and Mg** ion also stabilized the enzyme activity. ‘ '

The enzyme utilized glutamine more effectively than NHg* as an amide donar for the:
‘formation of asparagine. The enzyme required L-aspartate (Km=3.1 mM), L-glutamine,.
ATP and Mg**. It showed pH optimum of 7.5 and catalyzed the formation of B-aspartyl
hydroxamate in the presence of L-aspartate, ATP, Mg** and NH:0H in the reaction mixture,
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Lactobacillus arabinosus®] asparagine synthetase:

* o marol Al AleE BEEEE gt Zeh. Asp (aspartic acid), Asn (asparagine), Gln (glutamine),.
Glu (glutamic acid), TCA cycle (tricarboxylic acid cycle), PPi (pyrophosphate), AMP (adenosine-
3’-monophosphate), ADP (adenosine-3’, 5'-diphosphate), ATP (adenosine-5'-triphosphate), Enz—
Asp-AMP (enzyme, Asp @ AMPS] complex), Km (Michaelis-Menten constant).
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Fig. 1. Asparagine Formation During Soybean
Sprouting
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Table 1. Preparation of Asparagine from Fresh Soybean Sprouts

SSoybean - ; Moisture () [ Crude Asn : - Recrystalized Asn

prouts ] oisture (g T -
. . . | Yield(%)- . I Yield(%)e

- @ - - i J Weight (g) (dry weight base) Weight (g) (dry weighi)base%
w00 | s4 | z2 8.4 | L6 61

a: Asn content on dry weight was 25% (2.65g of Asn from 100g of fresh soybeaﬁ sprouts) by
_ chemical analysis.
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392}, crude enzyme® 0-50% (NH.).S0,= Hi
A 712 o] & Sephadex G-1502.2 gel filtration
A A 4L synthetase®] A A A5 Table 2]
A 84
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Table 2. Purification of Asparagine Synthetase Preparation

. Specific
Activity e Total
\};?&ie Protein ;I;(‘):te?}‘ C Aascrflvﬂ:y activity| Yield {Purificat-
(ml) (mg/ml) pmg) pmoles/ml amoles/mg (Asn (%) ion
protein) protein] pmoles)
1. Crude extract 1000  15.6| 1,560 4.0 0.256 400 100 1
2. é)“%mggiﬁf;tfgfate 20  36.4 | 798 10 0.275 19 50 1.07
= |
3. Sephadex G-150 40 0.82 52. 4 1.8 2.20 72 18 8.6
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e dddAd A F dde Eae] LR
3 ¥ AFollet.
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Table 3. Stability of Crude Asparagine Synt-
hetase Activity by Various Stabilizing
Agents at 4°C.

Asparagine
synthetase
Protein dissolved in activity rem-
ained (a)
0Chr) [24(hr)
Buffer only (b) 13 0
Buffer+mercaptoethanol 100(a) | 47
Buffer+ Asp+ATP+Mgh 74 31.2
Buffer+ ATP+Mgt* 72.5 30.4
Buffer+ATP 14.2 0
Buffer+Mg* 15.7 0
Buffer-+Asp 12.1 0
Buffer+glycerol 30% as final 62 30.8

a) Asparagine syhthetase activity of the 0-50%
(NH,)2S0s fractionation preparation in the
presence of mercaptoethanol was assumed as
100%.

b) The extracting buffer was 0.1M phosphate
buffer (pH 7.0) only. This buffer did not con-
tain mercaptoethanol.

A2 E dB8A o] Fo] e A kEEESL
REAATE DR *41-?:_11 Reg F33x 9o
(30,31). =z o8 § BiA FAFNAE &

synthetase® FFRERE 99 REHA X3z



— e — 2506

100 feo~ ~g—0—30°C
$\°\.
\ o \‘\ —0—~0—40°¢
|® 0\ —a~u~5oec
75 o —O—0-50%
\0
AN

(%) ALIAILOV 3AlAVI3Y

50 "\ . o\ \c\"\e"

z‘,-\' G\O

-]
N °‘°
o =f {
o S—
[ ! 2 3 4 s 6
TIME (HRS)

Fig. 3. Loss of Asparagine Synthetase Activity
at Various Temperature

A= ez T8 AT E4EY9E ¢F AA
o}, Fig. 3& A7k ot & Z}%Eﬂ]ﬂv} BERIEN
Bl AR A4S 25z A
Sephadex G~15001 4] 9 & EE#E S AFL&3t4 Asn
9 ERS A8 A} L-Asp, Gin, ATP, Mgt*7}
L3t L-Asn& 44 L ¢ 99l (Table 4).

Table 4. Asparagine Formation of the Reaction
Catalyzed by Asparagine Synthetase

. . Activity % of
Reaction mixture (?os:m ézér}(r)rlj; complete(a)
Complete (a) 3.0 100
-Gln 0.01 <t
~Gln+50 mM NH,Cl 0.65 22
-ATP 0.05 <2
-Enzyme 0.0 0

a) The complete reaction mixture contained 10
mM ATP(pH 7.0), 10 mM Asp(pH 7. 0), 10 mM
Gln, 50 mM Tris-HCI buffer(pH 7. 5) containing
15mM MgClz and 1.5 mM 2-mercaptoethanol
and enzyme preparation (0.41 mg protein) in
a total volume of 1.5ml

Z1}Eo BELE Table 5014 & 4 & utst
Zol Mghol g daz dger B& 27} ol
el Mn#*, Fe¥, Zntoz A WA &35 gz, ol
AL Mn*elv} Co*sb Bitpel Efskel Astd o
AEAE 2dFE AFdE ol ¥ Aol 7 (32).

=G FUEg4A 9L 4+ amide donorEA]

Table 5. Requirements of Metal Ion for Aspara-
gine Formation®

. Activity
Metal ion (Asn gmoles formed/ml)
MgCl, -3 100%
MnCl 0.22 ‘ 7.1
ZnS0, 0.02 <1
FeS0, 0.01 <1

a) The incubation mixture contained 10 mM Asp-
10mM ATP, 10mM Gin, 50mM Tris-HCL
buffer containing 1.5mM 2-mercaptoethanol
and enzyme protein (0.41mg protein) in a
total volume of 1.5ml. Metal ion was includ-
ed in the buffer solution with 15 mM as final
concentration.

NH 29 Glng @4 o & o] &89 o= (Table
4) BES el A Gln(10 mM)2 NH,*(50 mM)
2ok ¢ 44 ¥ 2 Asnd A EF A o
AHRE 31 FUHEAA d& E4E glutamine-
dependentd & 447+ A=+ (Figd 2 5).
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CORCERTRATION OF GLUTAMINE {mil
Effect of Concentration on Asparagine:
Formation.

Incubation mixture contained 10 mM:
Asp, 10mM ATP and 50 mM Tris-HCL
buffer, pH 7.5 containing 15 mM MgClx
and 1.5mM 2-mercaptoethanol in a totak
volume of 1.5ml. Concentration of Glm
varied from 0 to 20 mM in the assay tube..

Fig. 4.

A F7A 49 synthetaser amide donorE:
o] 8= gdA Z7] Hdzdz BEANST. B
Hiel A% Al Dawody$ (32, 33)& baker yeast:
s} Streptococcusl Al A€ E47t NHFE o] 31
o Glng o83 2¢ xasgz BHA 2
£ Levintow(18) & Hela celle] A1, - Patterson ¥ (11,
12)& Novikoff hepatomac] 4 ¢} Jensen sarcoma
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Fig. 5. Effect of Concentration of NHs* on Asp-
aragine Formation.
Incubation mixture contained 10 mM
Asp, 10mM ATP and 50 mM Tris-HCL
buffer, pH 7.5 containing 15 mM MgCl,
and 1.5 mM 2-mercaptoethanol in a total
volume of 1.5 ml. Concentration of NHy*™
varied from 0 to 60mM in the assay
tube.
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Balg ot (complete systeme] 65%, Table 4). ©]
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1} glutaminase®] JE¥:EESL 22 W] SR HITHE
7t F748E AL 234 synthetases} glutaminase
9 HREE FAd Kz Qdz g k& &'
Bol A1 synthetases} glutaminase HiEg Q=)
Haz ged 22 & ¥@A9 f54£9 glutami-
nase’l £ o] YEAE AxAA} A R
st E2% 4+ g
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ATP CONCENTRATION {1l mplec?
Effect of Concentration of ATP on Aspa-
ragine Formation.

Incubation mixture contained 10 mM
Asp, 10mM Gln and 50mM Tris-HCL
buffer, pH 7.5 containing 15 mM MgCl,.
and 1.5 mM 2-mercaptoethanol in a total
volume of 1.5ml. ATP varied from 0 to-
20 mM in the assay tube. '
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Fig. 7& Sephadex G-1509] 4] 9 & synthetase
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Fig. 7. Lineweaver-Burk Plot of 1/V against:

1/S for Aspartic acid.
Km=3.1mM
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Fig. 8. Effect of pH on Asparagine Synthetase
Activity of Soybean Sprouts.

a) Activity at pH 7.5 was assumed as
100%.
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Fig. 9. Effect of Hydroxylamine Concentration
on Asparagine Synthetase Activity.

Incubation mixture contained 10 mM
Asp, 10mM ATP, 50mM Tris-HCl
buffer, pH 7. 5 containing 15 mM MgCl,
1.5mM 2-mercaptoethanol and 0.5 ml
enzyme solution. Concentration of
NH,OH varied from 0 to 500 mM in
assay tube.
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