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Functions of OsPtrl in Rice
HU Changquan, LIU Huaqing, LI Gang, WANG Feng*
(Institute of Biotechnology, Fujian Academy of Agricultural Sciences/Fujian Key Laboratory of Agricultural Genetic Engineering,
Fuzhou, Fujian 350003, China)

Abstract: [ Objective]l Functions of a peptide transporter protein gene, OsPtrl, in rice were studied by means of T-DNA
insertion mutation. [Method] The target RNA was extracted from the endosperm of Minghui 86 rice 12 d after flowering
and reverse-transcribed into cDNA. By cloning the candidate gene P0421H01.23, named OsPtrl, and constructing the plant
overexpression vector using the promoter G/ of endosperm-specific expressing, OsPtrl was introduced into Nipponbare rice
using an agrobacterium-mediated method. Nitrogen metabolism of the offspring and mutant w970/ was analyzed. A fusion
expression vector of green fluorescent protein gene, GFP, and OsPtrl was constructed and transferred to onion epidermal cells
with a gene gun. In 2448 h afterward, subcellular localization of OsPfrl was examined under a fluorescence confocal electron
microscope. [Result] OsPtrl was localized at the membrane and possibly involved in the transport of nitrogen substances.
Knockout on OsPtrl could cause a reduction on nitrogen-containing substances, such as amino acids and proteins, in the rice
grains. Conversely, an overexpressed OsPtrl would increase the accumulation. [ Conclusion] — OsPtrl participated in the
transmembrane transport of nitrogen substances in rice.

Key words: Rice; endosperm-specific expressing; peptide transporter; OsPtrl; nitrogen-metabolism
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genetics ) W25, EAIX DIfe S HAFR I AL, SR
B A E S . T-DNA ffi A 28 48 & 0 [n] 35 % 2% 1 —
Fi, M\ T-DNA Jfi AR F B 322807 43 Ry 55 )3 1
A GEAE WO bR A A A 53 A8 RN AR AR bR 4 4 A R
AR HI PR T-DNA il AR 2828 R R o, RS
P 970 30 2 e JE - SR AR FRAFAE R — 2[R i, BAT]
o — LT 4y 35 DR R 6 Y 308 3 PR AR o 6 0 2 AR IR 11
TR, P AT R 55 A — P AR SE R R S 1Y T-
DNAJT AR AR B R ARG, X REEHEE T-
DNA i1 FHHE A T — DA H A, i o il e i
FEPR I 28 FRIRR T Re JE I A Rk i, dE Mo
R e 3 P T B OARBFZE I A G Y Wi AT 52
e, FATHAIH T-DNA 46 A 3R & 5848 R G35 11
il F B AR 86 5 A8 4K w9101 9146 43 W B, AP T-
DNA K3 A 15 w9101 1 f) PO421HO1.23 (i 4% K
OsPtrl, Peptite 24-48Transporter 1) & & Tfj fig Bt J¢ |
A WE BT, %A R e S — A~ H 601 S
BRI B K IR B B B AR, SR IR LR
SPEFE A E AT, RTA KL IE I 5 # b
OsPtr] SR B =Y 2= D e b A PR A5 . L3R
TR G g ) R ] A B Y — 2P R IR FLRE R A
OsPtrl SENTEATF AW I RE®F o8, LAIIFEBA K
AR . IR S HLH] . I KRS 7 7 PR 3
1 #M#5E
1.1 RIEHR

KR Al H A B N R AT A SRz ik,
A8 A AL B 2 B AR b g A TR N S I L
KW #T 1 DHSa FIAR P 4R AT T4 B4 bk LBA4404, ¥ Hy
A RO B Be A L s A% TR H s S =R A

pGEM-T Easy Vector i #i ] H Promega /A 7l ;
pGtICDMC203 Jii ki & A M FL 4R 7 £ 3k Grl ]335
FE IR AR B 5 ALk | LR pPCAMBIA1300 (www.
cambia.org ), H1 A8 HE A O B2 BE Al it A% TR H
SR EARAE ; pIIT163 4 & 4% (5,98 86 11 GFP,
T A K 2 IME A S 5
1.2 OsPrrl £EHE

FH TIANGEN i 71 & $2 BUK 75 Bk 86 Al 4£ 5
12 d f9 I FL RNA, F Ferments 2 7 52 5% i 5] & &
A EY) cDNA AR .

F K £ . 2XGC 4t 25 ul, 2.5 pmol L
dNTP 4 uL, 5umol-L' E¥#E5I# 2 uL, 5umol-L ' F
J#51%) 2 uL, HSPrime Star fiff 0.5 pL, cDNAL pL, JC

7K AME 2 50 pL.

RV A 94 °C FlAE P 5 ming A5 98 C10 s,
Bk 58C, 54°C, 58°C5s, 72 °C2min, 14
EFR; 94 °C 28 1 min, 58 C Bk 55, 72 °C ZEA
2 min, 30 MEH; 72 °C ZEAH S min, %M 0.4 uL A9
Taq fiff, 72 °C #Ef§ 20 min,

1.3 FREH AR RKFEEHEKRRS

BARMEES 2 3Gk [6], KRGS 3k [7].
1.4 Southern blot 73

Al CTAB 3 42 HUK F5 1 A 5L 1K 2 DNA, 287l
P gk, EREE . BiAess . 4. WERR, REH
CDP-star . {1 77 #6 2% 22 25 J . . {K $% Pharmacia
Amersham A 7)) & 820t 7 k61T
1.5 OsPurl EZ[E3 18

AR BT SkI Sal TREVI A 55 RO AR .
2XGC 2% W 25 uL, 2.5 pmol-L' dNTP 4 pL,
Sumol'L" FWEBI4 2 uL, 5 pmol-L™ F iz 5| 4
2 uL, Hsprime star fif 0.5 uL, #i4#z DNA 0.5 pL (50
ng), JCHKANZE 50 pL. PCR X N F2JF : 94 C
5 min; 98 °C 1 min, 58 C5s, 72 C 2 min, 21§
¥ 94 °C1 min, 58 CS5s, 72 C2 min, 3411
;72 °C 10 min.

1.6 EFE#XIKE OsPirl-GFP R & T BRI RIE

THORE 5L T 2 I RE R AR 2% o B 4% Bio-Rad 2
A B T, HEE 7 eom, R 1100 psi,
B R MEET 24 °C K97 24~48 h,

P URAR KGR A HBO10OW SRXT, 26T
WO P 450~490 nm, A K 505~ 500 nm €%
RS, LSRR K 510~560 nm, A
P 575 nm, 590 nm JEYE A LS, HANEIEAER
& WK 380~ 420 nm, A5l 3 K 430 nm, 450 nm
JEIE AR WEE . B4 R 42 A Nikon Eclipse E400 & fi
AR RS
17 KEEARERSERSENH

439 B T-DNA i A 525 4K w9101 09 FHPE R R AN
BF MMk 2R R s sk 363k OsPerl S PRKFE R FH T 26 1
J FNE LR R R E . B Y R IR GB/T
5009.5—2016 & & A BRI E (5 —1k ) ##17.
FHERR & B A I 2 $2 B GB/T 5009.124—2016 £
GAFETR 1) 5 HEAT o
1.8 HIBZIT R

K H Origin pro2017 X317 5 22 o Hr 2z B

2 ZER55H

2.1 OsPrl EEHE
T AR B AT OsPorl SeA BG4 1S, 988 724
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M &+ T-# ARy, WF25R S OsPrrl 3EH H
XFICI 22 5, T T AR
2.2 OsPurl-GFP B & E B AHE

GFP & #: T34k PIL163 |, J1 Kpn 1 #1 Sph 1 il
1] pCAMBIA1300 A PJL163, #J ## pCAMBIA1300-
hGFP; FR ] i Of B 43 3R A5 1 OsPorl H 1M % 4%
#| pCAMBIA1300-hGFP 1 Sall fiis5 |, 3% pCAMBIA
1300-OsPtr1-hGFP fill 5 #ik &k (E 1. K 2),

M 1 2

bp

19 329

7743
6223

4254
3472

1 882
1489

11231
6056

4512

1231

925

1. 24> 3 AR % M Sal 1. kpn 1+Bam HIEE V) % &, M 114
Marker (EcoT14 1 Eg¥)) .
1:pCAMBIA1300-OsPtr1-hGFP/Sall;2: pCAMBIA1300-OsPtr1-hGFP/kpn 1+
Bam HI; M: A-EcoT14 1 marker.
E1 pCAMBIA1300-OsPtr1-hGFP Bt £ E
Fig. 1 Electrophoresis of digested plasmid pCAMBIA1300-
OsPtr1-hGFP

BstX'1 Sacl

CaMV35S promoter
Xhol 1

BamH 1

Hygromycin(R)
Xhol 1

CaMV35SpolyA
T-Border
Sac 11

OsPtrl
pCAMBIA1300-OsPtr1-hGFP

11799 bp
hGFP
Kanamycin(R)

PBR322 ori CamvVTem

PBR322 bom

VS1 re
Nhe P v

CaMV35S promoter Jy 16 52 42 % #  (Cauliflower mosaic virus) J& 3l
F 5 hygromycin N ) B & UM bR OD 5 K s OsPorl A RK#5 32 T 1
hGFP N5t E A T-border Jy T-DNA i 5.

CaMV35S promoter is a cauliflower mosaic virus promoter; hygromycin,
hygromycin-resistant marker gene; OsPtrl, a peptide transporter; hGFP, a
green fluorescent protein; and T-border, border of T-DNA.

& 2 pCAMBIA1300-OsPtr1-hGFP #;{F
Fig.2 Vector pPCAMBIA1300-OsPtr1-hGFP

2.3 OsPtrl EFE IR E L

FIR R R E T, B & OsPrrl-GFP @il & £ ik
WIRT AN E AN, AR5 FOE I R g%
OsPirl-GFP TEVE AR MM H AL &, 45 R BIR .
OsPtr1-GFP il &5 85 [ FUAEVE 20 N 38 B2 1 40 M R | 2
ik (E3),

Light GFP

20 pm

A2 B BRI W13 .
A is bright field of onion epidermal cells in B.
B3 OsPrl BEKHCHRET MAE ML
Fig. 3 Subcellular localization of OsPtrl by laser scanning

confocal fluorescence

24 OsPrl] BEE I RIEEH A E R KFERE LERK
*R1F

FH Bgl 1L F1 Xho 1 XL g U] T i [a] 4K i Grl-
OsPir] 5 i Bt , %4 T 24 Bam H 1M Sal 1 XU 1)
74 PCAMBIA1300 I, K15 HIRFLAF R ERILG 3h
+ Gtl W B 1y it KK #AK Ge1-OsPorl (K1 4). RH
L 7 e W i IR 8K GrI-OsPorl ' NARFT# . B03iF
5, FARFT R S35 035 13 28 8K Grl-OsPirl
e FE DK RE AR AR

1. 24> % A M Hind . Bam HIH i Y] 3 1k, MR r14
Marker (EcoT14 1 FgYD) o
1: Gt1-OsPtr1/Hind 111; 2: Gt1-OsPtrl/Bam HI, M: A-EcoT14 [ marker.
4 Gt1-OsPirl TRIEBIHEYIEE
Fig. 4 Identification on over-expression vector of Gtl-OsPtrl
by enzyme-cutting

2.5 JERIEK OsPrrl EEKFEHE R Southern blot 434
A Hind 111 B V)% i 32 38 OsPrrl 3 PR 7K 78 ML R
B DNA, UL hpt ZEH M 4R 4F, Southern blotting 43 #7
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R BN PR Prlg2l B UL AN, HA SRR Y
L (F5),
2.6 FREAKRBIRS T

AR KR R E R, T-DNA i A
15 wor101 )8R 1 5T & i M (6 1R 7 A R [ A
FEAR (&l 6 flEl 7), Hr, RITA&AMR . AR .
SEAATR FIORE 2 TR 1Y 25 ik i Bl 3, BRI B i RN AR
FB o i 25 Sl il i 3, B T 12.7% A
6.7%.

14 r

S S I Iy =
iS o % =} to
T T

R
Amino acid contents/(g-hg™)

<
&}

1 2 3 4 5 6

1~6 43 724 Ptr1gl0. Ptrlgl5. Ptrlgl9. Ptrlg2l. Ptr1g29. Ptrlgs.
1 -6: Ptrlgl0, Ptrlgl5, Ptrlgl9, Ptrlg2l, Ptrlg29, and ptrigs,

respectively.
B 5 i3 FRIE OsPtrl ZE KFEHEHE Southern blot 53

Fig. 5 Southern blot analysis on transgenic rice lines of over-
expressed OsPtrl

I MH86
w9101

oS %ﬂ» ﬁw& e it i &wﬁ@g@“&@ TS e
p: PN % x; I NS r.
F &? ff&“ /@‘ KA @r‘ @'y&%f‘? ‘g @é@'%@@‘ %%«3? § W @@'
X‘\ WK
2L Amino acid
#F 43 B R RAE P<0.05 Fl P<<0.01 KF L2783, B 7M.
* and ** were significantly different at P<<0.05 and P<<0.01, respectively. Same for below.
Bl6 =Tk wolol NEEKRSE
Fig. 6 Amino acid content of mutant w9101
R KBRS R R, Bt Rk
8 r j: SN/
s OsPtrl 3£ 7K R ptr9101g15. ptr9101g21., ptr9101g29
o X = [ [w9101 A EER SR, EARAE. RINLEAR. &
=
& | RIRNERATR . Fe@MR . 522K, RNERSHA
= i Nipponbare (WT ) () Af Lt %58 ik 51 & % K F 5 5
=
gi Gh . 3ANHE i Gk OsPrrl 3 A K RS ptr9101gl5.
5 4
E ptr9101g21 . WWM”Z@.E%.%L*$§
=2
@g S, FEOK R AR T b R A AR R 22 S
X 5
§2' (£1),
£ .
3 ik
0 I

HIEER  EAR
Amino acid Protein
El7 REE w0l REERSEMDEBRSENH
Fig. 7 Contents of total amino acids and protein in mutant
w9101

JIRAE R IR, AR — el B 11 AR B s i
PEWEREME . AWh, KBRS, W] LIAR P Ik
KR IR SR, AR AR R B SRR R
Yy R R . I, Bz i TE AR A 15 S A4 A
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F1 OsPrl EEKIEEKEERSENEARSE
Table I Contents of amino acids and protein in transgenic rice plantlets of over-expressed OsPtr1 (A g-hgfl)
JKFE#T £} Rice materials
Eizpa :
Indices ptr9101g15 ptro101g21 ptr9101g29 Nippiﬁ f(WT)
RITEEIR Asp 0.9240.02 ab 0.9640.01 a 0.8740.01b 0.7840.02 ¢
225 R Ser 0.52+0.02a 0.54+0.02a 0.49+0.01 ab 0.44+0.02 b
B Glu 1.6840.03 b 1.76+0.02 a 1.62+£0.03 ¢ 1.4540.02d
H4m Gly 0.46+0.03 a 0.47+0.02 a 0.44+0.03 ab 0.40+£0.03 b
NEE Ala 0.57+0.02 a 0.5840.02 a 0.5740.02 a 0.514+0.02 b
JiE 2R Cys 0.12+0.03 a 0.1340.02a 0.1240.01 a 0.10+0.02 a
AT 2R Met 0.22+0.01a 0.1740.01b 0.1340.02 ¢ 0.1240.02 ¢
ft &R Tyr 0.46+0.03 a 0.3340.02b 0.2840.02 ¢ 0.2740.02 ¢
24 Pro 0.36+0.02 a 0.3740.02 a 0.3440.03 ab 0.3040.02 b
AR His 0.25+0.04 a 0.26+0.03 a 0.24+0.03 ab 0.21+0.04 b
Fi iR Arg 0.98+0.02 a 0.8940.04 b 0.7740.03 ¢ 0.7140.04 d
7528 Thr 0.36+0.02 a 0.3740.03 a 0.3440.03 ab 0.3040.04 b
HF R Val 0.5610.02 ab 0.5940.02 a 0.5540.02 ab 0.51+0.01b
Fr AR e 0.39+0.01 a 0.3940.01 a 0.3740.02 a 0.331+0.01b
2 LEeu 0.841+0.01a 0.8610.02 a 0.8040.02 a 0.724+0.02 b
H N %R Phe 0.54+0.01 a 0.57+0.02a 0.54+0.02 a 0.47+0.01b
R Lys 0.39+0.01 a 0.4040.01 a 0.3640.012 ab 0.314+0.01b
ZHEHR S & Amino acid contents 9.61+£0.05a 9.55+0.05a 8.83+0.05 b 7.95+0.04 ¢
H A i % & Protein contents 10.10+0.40 a 9.6940.06 be 9.4240.04 ¢ 8.02+0.07 d

AFRVNG FREORAFKIEM L W 2257 83 (P<0.05) .

Data with different lowercase letters indicate significant difference (P<<0.05).

KL E SRR EIE R mERER.

RIGRE TR 5 &, RE¥Eisvw Lo R ATP 454
G2 H ( ATP-Binding cassette transporter, ABC ) .
¥ fE H (Peptite trasporter, PTR ) F15E K F5 i 15
H ( Oligopeptide transporter, OPT) 325, ‘Ef1— ik
TH 2B, IS FING, WQIPQY 4%
{F X, Komarova 251" ] L e IF ¢ 2% A 43 85 5]
— /> PTR/NRT1 ( Peptide transporter/Nitrate transporter
1) RN ArPTRS , HAVAINEEN, T, Dietrich
AU BRI P ) AtPTRI $EH % 30, AtPTR1/GFP
fill G FRIBTEE 3Rk, HERE S 7% GUS A
R AERA R T e s 3Rk, SRW] ArPTRI B AEA
Wy IR 4 B s 1z e b kR B — e PR . PTR B94EH
Pl &% ST (H+) sfMmee, Wik, PTR X
T AL B FR M BT 5 I 5% 32 & 1 ( Proton oligopeptide
transporter, POT ), i i 5T + AH {H Bk e 2F 17 15 i iz
Wi — RIUR PSR . K. B g &

Wik b i Rk B IS i2 F CHR1 (AINTR1) 2 il
MR b e is +, RSN R 250 S IR S5 A A AR K
O N IR § v 4 el 1 Sl = | =10¢00) -0
HTE 2k B 20 Z 70 PTR k#5128 F R H, (B2 A
ITEBR EEia i 2~ 6 M EEMRAEIK, B HE%E
MR i1 4 R — e RBFREW, OsPorl 3P
G20 M RE AT AN, KRS T-DNA #6i A %8 48 1K
w9101 kR P 2R BB 5 R S LR MR F 5 5 2
J A BROCRREAR, Hid Rk OsPorl FE K FERE K
BRI ARG, U OsPrl 3£
5B m Ry R E A OC, BT REREAE R R
VAR AR R T, NAFE(E 514 il F vh 43
HELEMAM,
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