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An AlaAT knock-out mutant (alaaf) of rice (Oryza sativa L.) was isolated from T-DNA tagging lines
and the genotypes of its progeny were determined with A/aA77-specific primers. The alaat phenotypes
showed decreased growth and grain yield when compared with control plants. The activity of AlaAT1
in the mutant plants was practically undetectable. The responses of alaat plants to growth under salt
stress were compared with those of control plants by measuring chlorophyll fluorescence and the ac-
tivities and mRNA expression of antioxidant enzymes. All abiotic stresses tested (salt, drought, and
chilling) caused a similar decrease in chlorophyll fluorescence in both alaat and wild type plants. The
activity of peroxidase (POX), an antioxidant enzyme, decreased following salt treatment of a/aar plants,
while control plant showed an increased activity. The mRNA levels for cAPX (cytosolic ascorbate per-
oxidase), POXZ, and AlaAT were determined by RT-PCR following salt stress. No A/laA77 mRNA was
detected in alaat plants. The POX2 mRNA showed a slightly increased level in the wild type but was
not detected in alaat plants, in agreement with the activity assays. The levels of cAPX mRNA were
greatly increased in both the wild type and alaaf plants. The salt stress effects on rice plant growth
are therefore proposed to reflect a loss of function of A/aA7, which alters the activity and synthesis
of antioxidant enzymes (especially peroxidases), rather than a direct effect on photosynthesis.

Key words :

fluorescence
M OB

Alanine aminotransferase (AlaAT)= &2 E% ojUz} A
ol o] 271744 WA REH Y B4R AEY 9, e
2 xR T A BE AEY 2HAM 2 &

(Igarashi et al,, 2003), =2 o}v]=7] Holuhg-& &
Fujste] depd ) -4 FEHENS I FHAI SF
0.2 HASAZITHS, 20, 33]. ©]ZH AlaAT (EC

oh A Al BFOA AE tjabe] S #Qd 4EE
o AbATE H713dl[26], 2T [28] T B 2
ALATE ¢5stshe /89 FHAE WEsa gtk 2 F
E2 AlaATE U388l ARATISY AlaAT2Z o} A 23 A| 3]

I

54 AoA IAe FA, ALATIE NEZ] Rt
AlAT2e PIEZEZ o] AAs= ALE 4HA glor,
glutamate:glyoxylate aminotransferase (GGAT) /45 74|
GEt24]. 4 UrA £ AlaAT 243 GGAT €4<

*Corresponding author

Tel : +82-51-890-1525, Fax : +82-51-890-1521

E-mail : cblee@deu.ac.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Alanine aminotransferase, Peroxidase, ascorbate peroxidase, salt stress, chlorophyll

B% 7}A%E GGAT (EC 26.14)
GGATZ2Z T2 HZ A0 YA
[10, 17, 24].
AlaATE A&7
ZHAS W 1 84
Halo A AAA 5

V53 8l GGATIH

= o
o BEF Akl Bt

N
> 1o
o,

ik
il

O
Moo

1 AEA oY 87 2l
| 24 T3] 53 o
B2k e o)A Fo] whE
A= B ARAT frdAke] Bdo] FR59] L-
A ol AAATHY, 13. 27, 28]. AlaAT1S A4
walo| A FEET, AlaAT29} GGATE 93-S
GGATZ GGAT1& &4 48 S Holn 557 I
o] Q& Ao A2 B vl JTH20]. §3 of 739
T-DNA E9w0]A 9} B9 AlaAT Hopitd A S o] &3 o
Tol A AlaAT10] ¥ AlaAT isozyme & 2. TH26].
Aatiolo = Aade 17 9A] AlaATY S40 A3t
&S v X [30], Thd Aol el AlaATE 24 F3}d)
g7 02 2ggo] AAEATH20, 27-29]. ]9} o] AlaAT
o g AFe F2 Ata @ Ao F3ste o] FoiA

o

o rlo
B o orr
o

Ef‘-ﬁmg
i3
- )
8 o2
H—l

~

iy
<



488 A3 718k5] A 2013, Vol. 23. No. 4

354 932 2 singlet oxygen, superoxide, hydrogen per-
oxides} 2 FAAALFROS)S AAo wet A& A
3 AR o] AstE THA 2T, 14]. o] 9F Zo] HE0] o5
2EY 2 22HW AZo] fRHE FHA 2P Wt

e
re
-
rir
S
X
ﬂ
o
2
>
=2
5
)
Z
>
S
7
jincs
i,
R
it
re
IR
o

ANE L AEFA X2

TFgTAUS A AFAFLA EF T
1C128-12 =dWo] /hA gk 39 FRAFZAN o5 T2
¥ F2H(Oryza sativa L. cv. Dongjin)E tZ2T2 A3}
H FA= 2% sodium hypochloriteZ 30%-7+ 253 &

of A25 ¥ F1F 4 F, 1520 mm F=9| Ho}r}
S wf742] 30C G220l A 3U7E wopa|FiTh dobe
TAE TEE AR BASNE SR A AL F H: ¢
ZF71(14 : 10 hr)Z 26°C, 200 pmol quanta m™ s el A 20
Az AF AR FAES EEYOE &7 AdF dtalA 90
of Azt 71 5 A AHESHHTh

9097t 4ol A 1C-128-12 QA< wild type
(Dongjin) ¥ & Aetate] 247ke] ~E# 20| g A5 =
AHEEtgth 9 AEE 300 mMe NaCl SHrdE 01%
Hoagland & %& Ab-8-3to] 24417 A e]stginh Az Hele
et & 1500x20(mm) HE T4 oll Wil 25T oA 244]
7 A4 AL 2EFH2E 01% Hoagland &0 A
3 AL =9 4ToA 243 A2 sk T2,
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T-DNAZ} afelEl REAte| I3

pGA2707 vector7} A QE o2 utE EolE ZAAA ¥
A8 © 1C128-12 Aol A NA oF 02 g & At
o] MM301 Mixer Mill (Retsch, Hann, Germany)2 7} gt
%, genomic DNAS FZ33{tH5]. &€ DNAE pt1C=
Hhslo] T4 ligaseZ ligationdt ¥ IPCRE S8 3%t 3
A IPCR (95T 1%, 54T 1%, 72T 2%, 35 ¥H)L primer

Table 1. IPCR primer sequence

242R¥} hphdR (Table 1)E ©]&-3}o] Faat%aL, 2 |A PCR
e o] &3 T WA IPCR (95C 30%, 55°C 1%, 72T 2%,
35 HH2)-& primer DA2RZ hphlR (Table 1)S ©]-§-3}e] -3
3 TH15, 18, 19]. 23k PCR AHE-2 1.2% agarose geloll A %17]
%% ¥ Geneclean I kit (Q-Biogene, Carlsbad, CA)Z DNA
g FEstd AE £4S Hh

Genotype & phenotype £

1C128-12 =AHe] A8 A E #4S& &3 alanine ami-
notransferase (A2A7) f-7 2k T-DNA7} A Q= A& <
goH, #1248 £4937] 913 genomic DNAE FZ3]
Atk AlaAT MEol Eol4 primerE A Z3}al PCR (95T
18, 58T 1%, 72°C 2%, 35 ¥H)E 433} 1.2% agarose
geldl A M7]195 ¢ & A7IME 451901, ofe] 244
2 909 I3t 7)8 1C-128-12 B o] /jA| ] A4, <o) A
71, A 27) = dzTet Hlustglt.

HEA AW 2N
HEL2dAN FEHE PBL2 Plant Efficiency Analyser

(PEA, Hansatech; UK.)9} pulse amplitude modulation fluor-
ometer (PAM-2000, Walz GmbH, Effeltrich, Germany)& A}
&t ZsAt. ¥FS fresty] A, @ 2US 3083t
& AT F AP AFE AT H A B Ek(initial fluo-
rescence, Fo)2 0.1 ymol quanta m *s & x| gJdle] =43}
A3, #o)¥F3k(maximal fluorescence, Fm)> 700 pmol
quanta m > s ' EFFoE ZAsle], AFPwo|zt
(variable fluorescence, Fv)& Fm - FoZ T8} t}. o]ol ute}
Baletuk-goll gk JA I FAFEY] HAHAZ Fv/Fm #%E
T3 TH16, 21].

i gy 53

AlAT 45785 98t 9 1gS 4ToA $5894(50
mM Tris-HCl pH 7.5, 1 mM DDT) 5 ml& A-&-8}o] v}4j 3k
%, 10,000 gol Al 207 A EE st BEAE FE8ATh
10 mM L-alanine, 5 mM oxoglutarate, 0.1 mM NADHE =3
& 50 mM Tris-HCl (pH 7.5) $%-8& ¢l 5 units lactate de-
hydrogenase (700 units/mg)9} E4F&H 50 wlE #7tsto
% volume 3 mlg 30Co|A 3027t incubation A7 ¥,

F 4 B4L spectrophotometer (shimazu U.V 2501)E o] &

Direction Name Sequence
1st Right 242R 5-TTGGGGTTTCTACAGGACGTAAC-3'
Left hph4R 5-CCATGTAGTGTATTGACCGATTC-3"
ond Right DA2R 5-CAAGTTAGTCATGTAATTAGCCAC-3

Left hphlR

5 -TCGTCTGGCTAAGATCGGCCGCA-3’
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Fig. 1. Diagram showing the gene structure of Alanine aminotransferase (A/&aA7) and the position of the T-DNA.

ato] 340 nmoll A 30% vtk S sHATH3.

POX 84244 98 d 1 g2 E2FZY(0 mM KPi
buffer pH 7.0, 1% Triton X-100, 7 mM Smercaptoethanol)
3mlel 2o phfdt &, 4Tl A 14000 rppm o2 15% 7+ U4l
T3t FE8Ah E4FF9 100 pl, 0.3 mM guaiacol
10 plell 10 mM HyO, 30 1l (HF F% 0.1 mM), 100 mM
potassium phosphate buffer (pH 7.0)o 718t ¥ vol-
ume 3mlE spectrophotometer (shimazu U.V 2501) 436 nm®]|
A 38 B FAEY WskE SAsd 242 1 mold
H;O027} 1 mol®] guaiacol& AHSHAIA HF 2 0.2 guaiacol &
Fa A2 I3 FAE HtE YEWY enem=639
em’/uME A2 ETH2).

RT-PCR &4

gz 2 2EH2E AT total RNAE Tri reagent
(Molecular Research Center, USA)E ©]4-3l9 FZ3}% ).
cDNA 4-2 Total RNA 3 11, 5x RT buffer 5 pil, 2 mM dNTP
mix 2 l, oligo dT (500 pg/ml) 1 ul, RNase inhibitor (40 u/1l)
1 pl, ddH0 12 IS E£§35te] ALoA 10% incubationdt
3 RTase (200 u/pl) 1 plS A7Fste] 37ColA 1.5 hr Fet
incubation 3}¢] Atk RT-PCRE /3% <DNA (5 ug/ul)
9} AlaAT, cytosolic APX (NCBI, D40423)9} POX2¢] E-0]4
0.2 83 sense primeret GUS primerg 247t AL-8-314
PCR (95°Coll A 14, 5891 4] 132, 72°C ol A 21 &<t 30 cycle)
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k.
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T-DNA7} 498 AlAT knock-out mutant (alaad) line<]
FRAAE L ARAT A7 AL EA o we}t o] primerd]
P1 primer (5-CTAGGTCATCAGAGCGAACG-3')%} P2 pri-
mer (5-TCAGCATCCCTAGCACTTCA-3), 181l T-DNA
W] GUS primer$l P3 primer (5-CAAGTTAGTCATGT
AATTAGCCAC-3)E AH-3tY PCRE 33t ZASIAT
(Fig. 3A). PCR ¥ A7]9% 23 T1 /AA Z 4, 79 A=
homozygote, 58 WA= wild 181 2, 6, 8,9, 11, 12, 13,
15¥ /HA= hetero2 4] ¥ S Th(Fig. 3B). o]ol we} alaarcl
ot A2 4, 743 22 homozygote /A E ©]&-3fo] tjx=
T¢F vl A st dch

AlATE BAxoF A A} ZFoA 48 tjAbe] 3412l
qes FYPhr B HUATH20, 33]. B A7 23 A
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T, A A a8 7] ARAM dzTRY @A EojA
= AZES Bt 9] /jAY £ = Iz dET
of Wl o 1/2 A=olaL, Y3t 719 AL Ux79 1/2
WA 2/32 vil§- Axe AFE HATH(Fig. 4A). 4 A4
alaat®] 735 HlF-Eo] ol HoJgIAaL, Tl wlel =7]7}
ZokTh(Fig. 4B). ©19} 2 A= AlaATS 7]5°] 249
alaaf= 7| 2H 02 thAte] ZAE 7hA 9} Ao FFE 7HA
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OsAlaATl 1 ===mmmmm e e e e e e e

OsAlaAT2 1 RFVIGQARNLIDQSRRROLHHEKNLSFVSLIPPFSLPSDSSSRHLSSSSSSDUSASDSSS 60
PmAlsAT I e e MA- 2
AtAlaAT ] e e e e e e MA- 2
OsAlaAT1 9 NINPKVILGPSSIALCIVTNAQR RYLTFFF| 68
OsAlaAT2 61 —=VNIh~ 115
PmAlaAT 3 APSVAVDNLNPKVY YAV —=VIHA- 58
AtAlaAT 3 ATV-AVENLNPEVL-KCEYAV[ —=-VIHA~ 56
OsAlaATI I, iHPNENEREE [KS 128
OsAlaAT2 L YT BEDES ATH 175
PmAl2AT i HPCBREKEETHS 118
AtAlaAT oL HPC[IEREETRS 116
OsAlRAT! 188
OsAlaAT2 235
PmAlaAT 178
AtAlaAT 176
0sAlaATI 248
OsAlaAT2 236 205
PmAlaAT 238
AtAlaAT 236
OsAlaaTl 249 308
OsAlaAT2 296 355
PmAlaAT 230 298
AALAT g3y 296
OsAlaaTi 309 368
OsAlaAT2 356 415
PmAlaAT 299 358
AtAlRAT 297 356
0sAlaAT1 428
OsAlaAT2 416 475
PmAlsAT 418
AtALAT 357 116
OsAlaATI 429 IIRCYLF SEFLTTOQVWSFVKGCRDMARENK 488
OsAlaAT2 476 VPGTUHI P mmm e e e 512
PmAIAT 419 NKES UPGTUH IR mmmm = e e m e e 455
AtAlAT 417 NEESSN VP GTUH IR~ — e e e e e e 453
OsAl2ATI 480 HDPAAGGED TFDDLPLQGI PV - m e m e e e e e e e e e e e 598
OEATE 51  emeseme—————————— TILPOQEDKIPAIVDRLTAFHQSFHNDEFRD 542
PmAIBAT 456 cmmcmm e ——————— TILPQEEKIPAIISRFKAFHEGFUALYRD 484
AtALAT 458 emeesmmcmoe————— TILPQEDKIPAVITRFRAFHEAFHAEYRD 482

Fig. 2. Sequence alignment of the most highly conserved region of the OsAlaAT1 homologues. The alignment was done using

Fig. 3.
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The Comparison of AlaAT knock-out mutant genotype
and GUS expression. (A) Schematic diagrams of geno-
typing; P1, forward primer in AlaAT; P2, reverse primer
in AlaAT; P3, forward primer in T-DNA. (B) Eleven
plants at T1 generation were showed their genotype by
P1 and P2 primers (upper panel), or P1 and P3 primers
(lower panel).
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Fig. 4. Phenotypes of growth(A) and seed (B) in alaat and wild
type.
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Fig. 5. AlaAT activities of wild type and alaat mutant.
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Fig. 6. (A) Changes of minimal fluorescence, Fy in detached
leaves of rice exposed to salt, chilling and drought
stresses. (B) Changes of photochemical quantum yield,
Fv/Fm in detached leaves of rice exposed to salt, chill-
ing and drought stresses.
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