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ABSTRACT

The contents and the compositions of total free amino acids were investigated in the
rice(Oryza sativa L. cv. Chucheong) scedlings under low temperatures. Activiticss of some
enzymes associated with the markedly changed amino acid content were also investigated.
Under low temperaturc, the contents of soluble protein and the total free amino acids
inercased, while the content of total nitrogen decreased. Althoughh asparagine +glycine were
the most abundant amino acid species in the rice scedlings at the control temperature, low
temperature treatment for 3days brought about the decrease in their amount to about 60%
level of the control plants. On the other hand, alanine showed the highest increase in the
content among all the free amino acids, though glutamine, proline, aspartic acid, valine and
tyrosine also increased after low temperature treatment. To clucidate the decrease of asparagine
+glycine level under low tcmperature, the activities of asparagine aminotransferase and
asparaginase which metabolize asparagine were investigated in the rice seedlings under low
temperature. The activity of asparaginase incrcased markedly, while that of asparagine
aminotransferase decreased under low temperatures. Therefore, it was suggested that asparagi-

nasc metabolizes asparagine predominatly i the rice seedlings under low temperarures.
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ol 4he] AL(FA 0~15C)e] ToAIS Eoll, A 2ol ek Y2lA wbg
W) R Ak obolsedks] W Y Bal T4 B4 Ao} wAshe] ol 5
£ ] ] o ]‘(Graham and Patterson, 1982). = 2of|.4 dojr)= thul 2l o) 5H4) m} L
rotease®] Aol wle} #-¢-= = (Tan, 1980) A-2oll A el obu4ld] Fe) d3hs
2 o] %ﬁﬂ%l tl’ﬂ 71918k B3l A] g ofP| A A 2 P o] dejut w4 o Ry 2
el x| B35kl ¢ vHRosinger et al., 1984; Meza-Basso et al., 1986).
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7h5h gl 2 H(Chu et al., 1978), 4l &ol] webA £ o] 2} &e] A Lol 4] Eo]3t
ah4] 0 2 ofu|ie4be] WElr}l dojul7|E Fheh, 2FEVTE A 2ol 4 7 3k (hardening) 41 7] =
elm3l e ZA3k tlEe] proline¢| Yol = gslutamic acid®l valine?] o] Yofute)

Yelenosky, 1978, 1979), =3}, Saglsaka(1987)/’]- FAREE FA7]) 22 J2] ofuwil 2
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AEF, (v) prohne“— = \:v]-
7

o

o1

= AET FOE cloksiAl vhelytnh. &5, Pagsiflora sp. (A1A1E F7)2) AL A44 £

A&l A alanines F48cla del A 2l vh(Patterson ef al., 1981). =& 27 sl A do)
£ 4= ofux \l' 40| 4 o2} Zbo] alanine s 414 0 = A gl= A 5o o3 B
el =g F opdel o= "—1%01] 2214 alanine s 4 4k AT g3t A T2 o) F
o177 & AAolch, webd, & ATl Ak AL A4 AT MY FAEL ALE Sl
A& &2 (15 ¥ 4C)E % 5]-5'— LH o el A dhefal A HAgheke| HaE & fel ofvl k4l
3 e st Rapebnal dhed, A Lol 4 vehe ofrledke] 24 HEE HPLCH 22 24
e 24 asparaginec]} l'mlne-ﬂ]- 7ro] #] 2ol A Eo)shHA| Wil ol =4S ke 27 3}
of 2 ofbebA S JF Hel =z} kol

M=z Ay

SRS UL AR LA ALe 2SI
4 (9™ Akibare) 52| ] 24, ALE 7] 4T2] A4
o] 1%¢] SOdluI‘ﬂ hypochlorite£-4 2 2 30“ 7k 5’1‘2‘1 ’ﬂ':ﬂ"""]‘ £ FHFTE 5 3 A -3la 484

5
ofl 4 8% 7k HH okt -?_F— H"DL% & Hoagland Haoll (full strength
Lw e YPT WOR 4 000~5,000 F2(16: 8)e] g oh
HMEHMal.  Growth chamberell 4 11492k wlakgl o f4&F 72k 15T, 4CE FAH =
2712 5938 Fxe) B35 sl AL wfokslw 4] 2L Hz| S Py}
T84 THHHE Fekel EH, W e Al 0.5¢% #3tY 70mM 345l (pH 8.0)
10mish ) wHah 2 F 10,000wg 4 208 2 el HAAE 20% TCAF 0.2 4
A7l F Lowry® 9 (Lowry et al.,, 1951)¢f] whal cielal ghekg & 3319l

H IS HY Y SN OUE Y o B 55 A A4 P 0T A 48472 S A
247 ¥ 9 42T T microKjeldahl 3% o] &3] 23191 T, 44 vl 2
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& ek 4Adgk ] Jese] g4 okl AAE Y43 F oobaskx] w o s SAE
a5k micro-Kjeldahl®l &2 & 8191 vk (Jackson, 1967).

& 92| ofo| =t BHate] EX. s}EA AEE £E57) $16ke] Sagisaka(1987)9] whiS W
#3led ¥ Q£ 0.2 N perchloric acid-8°8 7+ &7 =h 3 § 10, 000xgol 4 20-F % HA1E2]3
o, AR de] KHCO: $%& 716t} pH 48 = B =5 24319 ) AAEL dalAA 88
5 4R B o) ool T 230l 48R & 57 bS] T Yemm
3} Cocking(1955)2 o] wlwl & =A%k pinhydrin® 2.2 glycineZE F4E o] §35te] Z4 519
=25

HPLCO| 2|8t ofa| ' =4te| E4. Heinrikson=h Meredith(1984)2] ulsd sl Eberc(1986)2] uby
2 7&22 sk BA35k%eh Phenylisothiocyanate(PITC)9} obvl m4k-g 3F-EA#A pheny-
lthiocarbamyl] F=4] & A& o]—_l— reverse-phase high-performance liquid chromatography & 4l
s ste] 2] Aukstdrh. ¥ 9& 0. 2N perchloric acid® =hef 3ot ofv] mAk4 %3]' T 44
el ek AAY & F E']"]"Z}‘a' PR pHT~80] S EE FFZch vhA]l Al e’ A
AN L Dowex -50 resin column(0.5 x 4cm)ell loadingdt €= A& 3t
hydroxide®2 ofo| 42 EE4]7ch £EA S Z,l—'?;'— evaporatoroﬂ A A
HPLCH £ 718l 3ql A% &o48 PITCHEA Alxell AH-&shdeh

PITCHE4l 5 57 $l6ted A2 8& 7242 F PITCE Y8 (methanol 7: triethyla-
mine 1: water 18] £l 2} PITCAI k-5 9 1 18 412 gof )-8 74ste] 4ol 4 2087 ab-54
712 RE Ax7 N A AzA At AEH 2R}l starting buffers 71shed a1 A17] L o 3}HgE
% HPLCEA A &2 A-88tgrh BF ofvl Ak 2.5mM stock &4 & AHg3hed 343 W
2.8 PITCHE:E AZdte LA 890k

Chromatographyell ¢ 8 24 A 1AL Seferiadis 5(1987)9] vl & y22 o] A EHY
th, HPLCEA A 2% -2 Beckman Model 338 conventional gradient systemo] 3L 4 A&
= 2044 injection 100p7]' Za5] Model 210 manual injector® o] &sted F4 &t oh
Column-2 Ultrasphere ODS(Ci), 5 micron, 4.6x250mm(Altex)®] 724 4F&3l9 o}a]
ko) Eglef] whil vERtE chromatogram-® Model 427 computing integrator (Beckman)®
71 &3t el

opu| = Ake] L&of] AEFL 81 8ol 0 B4 0.05M ammonium acetate(pH 6.8)2] &= A
9} 0. 1M ammonium acetate?} 3 715l acetonitrile/methanol/water(44 10 : 46)3] & BE 4t
3514 1, gradient-‘”f] Z72 0—15% B(15%), 15—38% B(10&), 38-60% B(10+)% 60%
B(7E)2 2 5}9rh. Washing 100% B2 4087 @3}, equilibration® 100% AZ 5&3k
Perdet, G4 Iml/min, €55 40CE A9, detection-Z 254nmel 4 0. 05AUF-
S(absorbance unit full scale)2 % T injection volume-2 50~500pmol®| 4] el = &}ef 204l
ol glet,

EEA 299 HMZE. Ireland®h Joy(1981)8] whdlo =z} Felstdch ¥ d% 50mM
Tris-HCI$H% 88 (pH 8.2, 0.1mM EDTAY 2mM DTT )zt &7l =hai 342 12, 000xg 2
2027k 94 2E| gk AR S gdoic), ARl 50% (WV)2| polyethylene glycols 7Hshe] 3
Z 18%% & fHo=s nlE tha] al22)shed (12,000xg, 20E) -2 pelletd
homogenization bufferell o] o] A& ZEA Y o= ALgal5icth

Z 4 N ammonium
Z A7) 2 FA}e

to e
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g4 849 FF.  Asparagine aminotransferase2} asparaginase®] 245 23 3}
Ircland 2} Joy(1981)4] why-& = led 28315 vt Asparagine aminotransferase] =

3t7] #1354 20 mM L-asparagine, 20 mM sodium pyruvate, 50mM Tris-HCIZH% &8
(pH8. 2)3 ZH A 2ol (. ImlS & 7}sle] 30Tl A 2087 9F-24)%) & ub-g Eglel 0 B ¥ g

o SmiE #Hstel 0. 1N NaOH 0. 5misk 4o} W3¢ T Azich ;Tol A5 S FRE
£ 289nmol| A AL vb3A A 208 wk3 Fo| He =e|E 4 @4 oz el
Asparagmasc-*] 4L FA357] 95k 1.5mle] 9h-g E3Fed o] 20mM L-asparagine, 30 mM
KCI 50 rnM Tris-HCI1$H5 8- (pH 8.2)zk 2E A o 0,2mlE #H 1k 30T A 2027

A% F vb-EE A F 0.5mlE 3] 3L 0. 2N perchloric acid 0.5 mle}l de] 428 2x) 4]
?3\“'}. e XL ‘:& FE YR $ER, 34 W3] dojus Falel Il
asparagine®| & AHsl7] Hekd PITCHEA £ nbEe] HPLCEAH S Al sl k9] | zhe}

¥ asparagine®] oF% T4 FH oz FAjshgich

S A M EA gake] Wt Aol Al W fAE2] AL A AHE olel5lr] 5k wR A
< oRe A4 ARl ek zasigoh 84 shalA e gkl 15T E A el S48
A 28T ¢ BH_%.:IL('%‘:H] 2k &k 9. 0mg)ell #ldhe] 19 =] 30%, 3ol 35% Z7}ald ok, 5
dAloll & H2To AL FLI e vebdes, 4TE AHEe 4L M F 195 el
29%, 3°‘7%ﬂ°ﬂ A 7149 111%S 71250 00, 4980 & 64% 2 B Fo] 5= oo}
(Fig. 1). =8, A 34 &L 15CR AR F4 5 A | 2T st A2 1~29 71=x) &
AR dlzdt g2 Beod, 49 Aol 14%9) Al S7HEE 7128 5 59 Ao oA o) &

= = ’
Tok Bl XA GO R FAHYD, AU 2T Z Al E Belx] ¢okrh. T2, 4T
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Fig. 1. Changes in the content of soluble protein in the leaves of rice seedlings grown under low temperature.
—0O—, 28C;—-0-, 15T ;—e—, 4T,
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Table 1. Content of total and soluble protein nitrogen(mg/g. dry wt.) in the leaves of rice seedlings grown under

low temperature

Temperature(T)

28 15 4
. Dé_ys Total N Protein N Ratio Total N Protein N Ratio Total N Protein N Ratio

0 44.4 235 0.57 - - - - - -

1 44,9 21.9 0.49 45.8 225 0.49 44.5 21.7 0.49

2 51.0 18.5 0.36 54.0 21.8 0.40 46.1 23.0 0.50

3 51.7 17.2 0.33 47.1 21.4 (.45 43.3 22.2 0.51

4 45.5 17.0 0.37 51.8 20.7 0.40 43.5 19.8 0.46

5

49.8 13.5 0.27 495 18.0 0.36 43.8 22.0 0.50

2 Ay A2 A9 e F 1ds o= 2Tk vl£a gell o, 28 Ael 10%, 3%
Aol 16%9] 7AEE Rglon Ha 7| 7H(5U)F Ak o 7 g x TRl B2 ghg el
(Table 1).

B, 784 w9 d do] 2R ALTH FHL F Ao o3 kWA F48] v EE
vlmsls] Y13t Ao £ A4 AR F cpl Ao A= Fhe vEE vebivl nhl A A4 o] 3
g2 2z 71 F ol BTl 4 A 2hAshs kg 2o oH, AgAde s 15CE AR #
AEe A F 39 59 el 24%, 33% 9] FAES BPT, 4TE AT F4EL A
% 941, 39 o 59 Aol 27 24%, 29%, 63%2] SUFES eyl ek (Table 1). o}t o Eof
T84 vl a4 “L%koﬂ gk &l Al A gheke] w g2 dl 2T 1*1 A At g B
ol Wbd, 15CE A 2|3 45 g47) ol % dakslAl velstos, 4CE el 452
2 ou|go] ZAFA @ A AT FE FA é}aan}(Table 1)

Levitt(1980)-% #-2oll 4 whul Al gh4g o] Zrio} 37 =i o] Fal7h adefried, o] 2 s
of wiwiAde] Aal Fo wpwal Ha) AL (obv]i=4l, NH:)e 54 & Fofl #s7F 44t
ahgl o), Ago] oyl tEAe A% chl A L] Faf st doid 4 ohie}, 0CE 109 7k & g

gt m7vle] v B E T 2] otef] A ol = BTl vl A o] B rh o of1}A]
ergrrlil el (Minamikawa et al, 1961). 53], &< et alo 2| oo 4 Frlsts 73 gke)

2l BF(Kacperska-Palacz, 1978). Phenylalanine ammonialyase(PAL), hydroxycdnnamoyl CoA

fol
o
o
Y
o
N
g
P~

quinate hydroxycinnamoyl transferase® invertases-= F7Fshs v A ] o 24l 7 -tolH,
o] 9 F7H= protease@A ¢ 4ol 7] 9l vl (Graham and Patterson,1982). -2 A3 A=
g Heloll wle} 84 il ale] dhafo] Tyt AL oA BATS HA Frhet YA
selo] gl& AR AN AAR A2 Xl ¥ doll A PALY 4 F7HE Flg +
doh(eE ),

A7) £ 2 AL Hgsld WA F4r) ghAE B (Tromp and Ovaa, 1984), # 5 =|
2 Ak (g 17C/4 127C) A A4 gake] rAstT 2 4w HgrA o] Ashe Ao A
& vepd oH(Park and Tsunoda, 1983). =3h, Place 5(1971)2 &2 el 4 P, Mg,
Mng Al st A4LE 9% Z& Frldd A2 Fo7t AfE S 0y el oz &
A Mo 4l o] dopx] w Feolebx shyivk £ A AalllAE Ag Aeld wer Al 2
&2 ghgo] gt vul o] A& 4 abedst Asleta sl Rleh =g, AL A
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Fig. 2. Changes in the content of total free amino acids in the Jeaves of rice sedlings grown under low
tempeature. The symbols are the same as those shown in Fig. 1.

Bloll wel g4 A o] AL Feko] FubskE Al AL ekl g A o] geF
o] wlgo] F7hek A-L(Tabel 1) AL Azloll whel o §480] +84 w2 Yapo| 37
AL AP ok A Ak

Z f2l otnlictto] BR ool wWah  A4Fe] ofuuw4bl AW di4h F b g4l
wul o Bal % AE AR 29 44 AAo] FARYAEE ol F AT wedshe oz
T < 9lv}(Meza-Basso et al., 1986). =2l obm| Al Bhgkol v o 42 4 F9] A= &
Ao} trebebAl W 27 0919 d5ke A ik AL W FATN4 ojH Tt T
obol 3 Ale] S 2olshea] Lolusl slshel £ ful obulwabe] Yk 224G Fas

F el obmla4be ME F 19 9 3dAol 2 42%, 74% 2]
%< A FrHES JelU el (Fig. 2. ) =3, 4CT2 A3 #
= Al =19 g 2dAd Z7F105%, 94% 2] FrES mela 49 Aol 122% 9] o) 5
& vebdl el o) 8} & F frE] ofvl Akl Fibs A 2ol 4 B 4B ofu] 4} ghuk
2] W35 F AR Draper(1972), Pauli®t Mitchell(1960) ¥ Srivastava®h Fowden(1966)2] ®
so} Zogrom Ao Ao & selde] Aslelm badeo] gl A Zrl(Singh ef al., 1973).
g, A2 A2 E Alasky) A o f4AE2E F fel obr|iabg FE 35t HPLCEA

3t ZA 3, asparagine+glycine, glutamic acid, aspartic acid, glutamine, serine’T 2.2 ole] ¥

K
>
i
A
2
rr
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Fig. 3. HPLC chromatograms of amino acids extracted from the leaves of rice seedlings grown at 28°C(a), 15T
(b) and 4C(c).

=]o} ¢ 3L 7| €} phenylalanine, alanine, threonine, histidine, valine, arginine, proline, lysine,
tyrosine, leucine, isoleucincso] A& 92wt I a2 I3 dokeh A2 22§ P59 &
a] o Z Tl A ' -2 2] E A &5} A e E5HA) asparagine+glycin69~] peak 7} 71 =4
VERSET, 2 vhE glutamic acid, aspartic acid®0] 2 glutamine® ©} serineo] 287k Tel &
zahgdch, v, 15CR H(3Y2) FAE A = 2059 ofv|iile] BF AZEH
gdov xzTrc) FyskA Srpgl ol AL glutamic acid, glutamine, serine, alanine®
aspartic acid-°| 127 (Fig. 3), glutamic acid7t A A F7HE2] 23% & A=x3te] 714 wel T
7VaEkel glutaminec'] 22%, serine®] 20%, alanine®] 15%, aspartic acid7} 13% & #=5hE .2
o vt 2] ofe] e AREL BT 3%unke] wigol vl dbwo] 15T 2 9lste] zhi s oln
> Ak2 asaparaginctglycine, phenylalanine, valine, isoleucine, proline, 7IEl arginine,
methionine3-0] $.2.%, o] % asparagine+glycineo| A zH4H2] 83% 5 A shed 7HAF Bol
A8+ 3L, phenylalanine, valine, isoleucine, proline= %= vielyteh

g, 4CE X (3Y )N AT ERE 355 obv] =4S HPLCE £43F Aal, 205
o] ofr|xdle] BF AEEgov EzTRel FEe] F743F obul 42 jlanine, glutamine,
prolinc, aspartic acid, valine, tyrosine®s 2% el e (Fig. 3), alanine®] AA) F7FE2]
22% 5 Axgre 24 12 e Z7hE-& Vel T glutamine 19%, proline 8%, aspartic acid
7%, valine 7%, tyrosine 6%, glutamine 6% 22 vFebyieh, b=l A2 Ao ¢4 24
3l o}u] e Ak asparagine+glycined] FU 5 ZA4F A =d HEZ T 60% =F7HA| 745
Aok A7l 4 F=E aldF A2 AL M3 (4C ) 4 alaninezt glutamineo] proline®
o} B & S A A SAhaE Akde] ok ol of T WAk A A4 Al 4 JeldE proline
o] Auj=lel 7} & AH(Meza-Basso et al., 1986; Yelenosky, 1979)3h= =% ol 2ao] e}

Sagisaka(1974) 9} Sagisaka ¥ Araki(1983)€ €5sle B2 489 ¢, 5 ¥
arginine =+ arginine+prolince] FH Aot s} o o]z g 4. A A4
glol A A Abaql e 8o 2 o] s ot EJF, Sagisaka(1987)% =red 27l 4 40%F-9] ©f
Wy 2EE 4o 95519 f7 obnlxal 4L 2AEIE wl, AR 40F

20%F-& arginincg, 9%5-& arginined} proline?, 3F-Z glutamate®} glutamined, 452 aspar-

o
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agined, 472 prolined &3 geby g9 el. ®ak ohel HE A7k Fok o 1o f-2l o
k8] A o] Qo] phgg A Abshe Feln shgeh Lolium perenne L.(ERFE ) A+ A&
7\ 7k -9k proline® glutamate7} %% = 31 2 (Draper, 1972), prolinc¥} arginine2- A £9] 2k
Fazde dalAo|x whe] AL B3 ake] Fela 519 oh(Heber ef al., 1971). L&,
Pattersons-(1981)¢l] &) 3t=l Puassiflora sp.(AAZE F7)8 A z2+4 FFHE ] ol A
glutamate7} 24312 alanine®] @kl ZA| F74ek wba, A2 A4l el T alanine®] T
2ol 7 ¢ Wslr}t glvkn 313, Passiflora®] A-& A8k -2 A 2ol A alanine®] 42 w5k
Ldd] u#e Aotz shgi=h

o))t AJdL Au e B, X APl A AL Helg W £49E9 alaninc o] FH 3
Z78F HAhe wot 22 A AEolgtE AL oha] gyl Ab2) KA Fx]8), Passiflorad]
7Aoo} o) g AL Pussifloradl] A AT glutamate7} =& =] €13 L ool A= & Zﬂ skl &7hEt
g, #ef| & 7+4 5 & asparagine+glycinee| 2L SHe AF4gol v}, weld, A& Azl &

7l #9] 4420 A alanined] FHeke] FrtstE Aol Mo f-4AElA S5 & 1 shie] 89
03 A4 4 9lEx 3 vl AFE A Fo] TH = Agtelzt Mt

Asparagine aminotransferase®} asparaginase2| £, 2L A2 gH4T ) FAEd A d & ?")ﬂ
o) 5he] 49 8}A] &gt ofu| mAkS asparagine+glycinee] S oH(Fig. 3). &M, 58 4
Zol| A glycine?] §H2F-S asparagine®] 1/10~1/200¢l E3ks}7] o ol (Sagisaka, 1987) aspara-
gine+glycinc?] peakt FE asparaginedl| sl @5 = 222 AAA . deld, A& = 2] 3 ¥
o] ole] A aspamgiﬂe.‘l} 7+A 9L v} Eo] alanine®] B AE F7hs 4l aspragined] 3l 73 o]
Aoz FAsle] 9eg AApshe Fob Asparagined T 7hx] F.88 t4F A2E Fohe
gal=u, o]F 4} ﬁitﬂ] o 3l EAEo] asparagine aminotransferasest asparaginase®]
ok, o9} 7-e Al z¥e We| f4 el A A 2|7} asparagine aminotransferasc®} asparagi-
nased] Ao u]z = d5k& 2453 oh. Asparagine aminotransferase= W Z 79} 4T 2|7
ol A A % 3 A 7hx] v gk FAL B ot AT F 59 Aol 4TAH T el A

Table 2. The activitics of asparagine aminotransferase from the leaves of rice seedings grown und low

temperaturc
Asparagine aminotransferasc activity(4A289/mg proteinh)
D Temp(—:raturc("c) ——————
dYS 28 :
0 0.67 ~
: 0-69 0.63
> 3.01 L7

Table 3. The activity of asparaginase from the leaves of rice seedings grown at 4 for 3 days

Asparaginase activity(nmol asparagine converted/mg protein * h)

Temperature(T)
28 4
3.07 71.03
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Toll wlshe] 4% 2H4513 b (Table 2). dbm ol asparaginase®] B4-& 4T 2] Foll 4 2] F 3
g el o) 27 b oF 200 F1bg b (Table 3). ol9h -2 A sbE -2l 4 asparagine
9] £&ll A =7} asparagine aminotransferase® ©]-£%17] Hrhe FE agparaginase s F5he] o)
FoA@AE AlAste] fob whebA, A2 Az {4 vebdbe alanine®] ¥AEY FrHE
asparagine aminotransferasc®| 4 wslel FdAA AHE £ g, AL A4
asparaging®| A%k # AL A 2ol 4] asparaginase®] ZAJo] WA Al 13 AFL 2R A
.7]—*"-%]- He7 "o

ol 42| AxlE Fateted & &, M2 Xe|gH(15 U 4T)H Y FAFAA Ff2l obvl 4t

ol S7HE AL AE A4 84 Al gheko] FbaE Akl Wl Fe] A che A o]
ol =l w4 Zl/lgE Ae] ollz) obvlaate] ko] Foralgl Al W Eal AL T AFRE Fvh
w, %713} ofulimAke] Z 0_0_ Z2bsld & @, alanine®| ko] "ASA Fr4etn w2
asparagine?| ko] A AL A2 vebvs H 4AEY $8% 539 hiz £
< olon =& 2 4AE Oﬂ A & 5 ol uket 2 proline?] F7) "HAbzE W8 2 A
oleh. #nuk ohve}, A& Xel4| 4 Fe asparagine®] 7%, T E8) 3L asparaginasedd]
elsle] FEHC® S A2 H4F gl

H 2

Aezz (15 4 4T )7t %(Or]/za sativa L. cv. Chucheong )% A59] Efe] olule At Tk g o)o] st

4ol olAE g 22 %}.L g WASA A obelw AL wiabol AR QY FaY) RYE 2
Asteler. W 470 ek Ae Al £44 s e SR A A gL dasd
% #l opul=sbe] @Lak% Z/489 3 ool & Foht ALl A Dol RelR o %o] ohiizh ofv)

|
=4k o] Frbelsds] B Ao wgelh ml, AL A4 ojelate] 24L 2SI S o
E79] 4 2ol 4 asparaginct+glycineo] 7 F4-8kAl LA 5HE o0t 39 7k9] A2 A
AR W28 60% FTESR zF4stsich WA, alanined AL Aol 3k AR wel FrAstAR
glitamine, proline, aspartic acid, valine™ tyrosine® 4| 27} S48 2 0 2 vebibel. & oA asparagine
+glycine®] ZAE EAFE#l #8le asparagine®] Edle] sz EA9] asparaginase®t asparagine
amninotransferase®] 45 Z A3k A 3k asparagine aminotransferase®] #4-& 743t 4bwl asparaginase?]
42 A Srstgeh delbd AAelat Hel RYEANA asparagine?] Fael] feodFE Ei
asparaginase$] 222 ] = gich
H 1 Z
Burke, M. J., L. V. Gusta, H. A. Quamme, C. ]J. Weiser and P. H. Li. 1976. Freezing and injury. Ann.
Rev. Plant Physiol. 27 : 507-528.
Chu, T. M., M. Jusaitus, D. Aspinall and L. G. Paleg. 1978. Accumulation of free prolinc at low
temperatures. Physiol. Plant. 43 1 254-260.
Draper, S. R. 1972. Amino acid changes associated with low temperature treatment of Lolium perenne.
Phytochemistry 11 1 639-641.
Ebert, R. F. 1986. Amino acid analysis by HPLC: optimized conditions for chromatography of



244 Korean J. Bot. Vol. 32 No. 4

phenylthiocarbamyl derivatives. Anal. Biochem. 154 : 431-45.

Graham, D. and B. D. Patterson. 1982. Responses of plants to low, nonfreezing temperatures: Proteins,
metabolism and acclimation. Ann. Rev. Plant Physiol. 33 : 347-72.

Heber, U., L. Tyankova and K. A. Santarius. 1971. Stabilization and inactivation of biological membranes
during freezing in the presence of amino acidss. Biochim. Biopnys. Acta 241 : 578-592.

Heinrikson, R. L. and S. C. Meredith. 1984. Amino acid analysis by reverse-phase high-performance
liquid chromatography: precolumn derivatization with phenylisothiocyanate. Anal. Biochem.
136 : 65-74.

Ireland, R. J. and K. W. Joy. 1981. Two routes for asparagine metabolism in Pisum sativum leaves. Planta
151 : 289-292.

Jackson, M. L. 1967. Nitrogen determinations for soils and plant tissue. In; Soil Chemical Analysis. pp.
183-204. Prentice-Hall, New Delhi.

Kacperska-Palacz, A. 1978. Mechanism of cold acclimation in herbaceous plants. In; Plant Cold Hardiness
and Freezing Stress: Mechanisms and Crop Implications. Li, P. H. and A. Sakai(eds.), 416p. Academic
Press, New York.

Levitt, J. 1980. Responses of plants to environmental seresses. Vol. 1. Chilling, Freczing, and High
Temperature Stresses. pp. 2-64. Academic Press, New York.

Lowry, O. H., N. J. Rosenbrough, A. L. Farr and R. J. Randall. 1951. Protein measurcments with the
Folin phenol reagents. J. Biol. Chem. 193 : 256-275.

Lyons, J. M. 1973. Chilling injury in plants. Ann. Rev. Plant Physiol. 24 1 445-466.

Meza—Basso, L., P. Guarda, D. Rios and M. Alberdi. 1986. Changes in free amino acid contenc and frost
resistance in Nothofagus dombeyi leaves. Phytochemistry 25 : 1843-1846.

Minamikawa, T., T. Akazawa and [. Urtani. 1961. Mechanism of cold injury in sweet potatoes. IL
Biochemical mechanism of cold injury with special reference to mitochondrial activities. Plant Cell
Physiol. 2 : 301-309.

Park, I. =K. and S. Tsunoda. 198. Photosynthetic responses of rice varieties to low temperature treatment,
with sspecial reference to soluble sugars and starch in the leaves. Japan. J. Breed. 33 : 404410
Pattcrson, B. D., J. A. Pearson, L. A. Payne and I. B. Ferguson. 1981, Mectabolic aspects of chilling
resistance: Alanine accumulation and glutamate depletion in relation to chilling sensiovity in

passionfruit speeics. Aust. J. Plant Physiol. 4 : 541-554.

Pauli, A. W. and H. L. Mitchell. 1960. Changes in certain nitrogenous constitucnts of wheat as related to
cold hardiness. Plant Physiol. 25 : 539-542.

Place, G. A., M. A. Siddiquc and B. R. Wells. 1971, Effects of temperature and flooding on rice growing
in saline and alkaline soil. Agron. Jour. 63 : 62-65.

Rosinger, C. H., J. M. Wilson and M. W. Kerr. 1984. Changes in the soluble protein and free amino acid
content of chill-sensitive and chill-resistant plants during chilling and hardening treatments. J. Exp.
Bot. 35 : 1460-1471.

Sagisaka, S. S. 1974. Effect of low temperature on amino acid in wintering popular. Plant Physiol.
53 : 319-322.

Sagisaka, S. 1987. Amino acid pools in herbaceous plants at the wintering stage and at the beginning of
growth. Plant Cell Physiol. 28 : 171-178.



December 1989 Moon et al : Amino acid Compositions in the Rice Scedlings 245

Sagisaka, S. and T. Araki. 1983. Amino acid pools in perennial plants at the wintering stage and at the
beginning of growth. Plant Cell Physiol. 24 : 479494,

Scferdadis, K. §., §. Frillingos and O. Tsolas. 1987. Amino acid analysis by PITC derivatization.
Chromatogram. Sept. 2.

Singh, T. N., L. G. Paleg and D. Aspinall. 1973. Stress metabolism. [ Nitrogen metabolism and growth
in the barley plant during water stress. Aust. J. Biol. Sci. 26 : 4556,

Srivastva, G. C. and L. Fowden. 1972. The cffect of growth temperature on enzyme and amino acid levels
in wheat plants. J. Exp. Bot. 23 : 921-929.

Tan, S. C. 1980. Phenylalanine ammonia-lyase and the phenylalanine ammonia-lyase mactivating systemn-~
cffects of light temperature and mineral deficiencies. Aust. J. Plant Physiol. 7 : 159-166.

Tromp, J. and J. C. Ovaa. 1984. Effect of root temperature on the amino-nitrogen composition of leaves
in successive segments of apple shoots. Physiol. Plant. 62 1 209-214.

Yelenosky, G. 1978. Cold hardening “Valencia’ orange trees to tolerate —6.7 without mjury. J. Am. Soc.
Hortic. Sci. 103 1 449452

Yelenosky, G. 1979. Accumulation of free proline in citrus leaves during cold hardening of young trees in .
controlled tempcercature regions. Plant Physiol. 64 1 425427

Yemm, E. W. and E. C. Cocking. 1955. The determination of amino acids with ninhydrin. Analyst.
80 : 209-213.

7} . Asparagine+glycineol] 4 S ¥-2(90%°]4 )0l asparagincdd-§ FF4E (HPLC)oll 4 = d54
=

(1989. 8. 22 &%)



