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Preliminary Analysis of the Effect of Exogenous Amino Acids on
the Synthesis of EBP1 Protein in Arabidopsis thaliana
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Abstract: [ Purpose] To investigate the types of exogenous amino acids absorbed by plants and
the effect of these amino acids on the synthesis of EBP1 protein in plants. [ Method] We estab-
lished the following system, Col-0 were grown on the 1/2 nitrogen deficient medium amended with 16
kinds of amino acids (3 mmol/L), respectively. Then, we treated the report plant 35S::EBP1-GFP with
the amino acids which could be used as potential organic nitrogen sources to observe their fluores-
cence signals and combined with ribosome extraction essay and Western-blot essay to detect the ex-
pression of EBP1 in mRNA level and protein level, respectively. [ Result] There were the kinds of

amino acids including arginine, alanine, asparagine, glutamine, asparagine and asparagine
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which could be used as potential organic nitrogen sources. It also showed that the established system

was feasible. The fluorescence observation essay showed that glycine, alanine, arginine and glutar-

nine could promote the fluorescence signals of 35S::EBPI-GFP; the ribosome extraction essay

showed that glycine, alanine and arginine significantly promoted the mRNA expression of EBP1; and

the Western-blot essay showed that alanine and glutarnine promoted the accumulation of EBP1 pro-

tein at the protein level. [ Conclusion] Arginine, alanine, asparagine, glutamine, aspartic acid and

glycine can be used as potential organic nitrogen sources for plant absorption and utilization.

Moreover, alanine can promote the protein accumulation of EBP1 at the mRNA and protein levels.

Exogenous amino acids regulate the growth and development of plants by affecting proteins synthesis.

Keywords: nitrogen deficiency; amino acid; 35S::EBP1-GFP; protein synthesis
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1.1 a5

PMSF (%5 : 4100745-0005) g [ 4= T 4= 4
TR LA RAR; &EABIE R (525 Bl4
001) FI#k 2 B 410 1l 77 (5% % : B15001) 14 T Sel-
leck Chemicals; RNase inhibitor (5% 5 : N251A)
F1 SYBR Premix Tag kit (535 : SQ121) #JiF—
TEMEE AN ], Thermo Wi HE FRF & (185 .
K168) It [{ FEBR CAF] 5 HAb A A5 S [ 7~ 43
Mrati.
1.2 HEYIMRL KRR

PR B ARG ST (Arabidopsis thali-
anaL.) Columbia-0 4% (Col-0), 35S::EBPI1-GFP
L7k p SN e e AN 3 B S e e e Y I S AT
fito BEFRAM: OSBRI 16 h R/ h JBRE, iR
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Phete, A5 SNRESERRA AR T EBPL HE A BTE MU R BB 20 434 555

JE (22 £4) °C, JERESEEE R 80 umol/(m*'s),
1.3 7k
1.3.1  Col-0 XA [ B 1R 1Y) 3 3% 1Y

¥ B T Col-0 Fl 1 7£ 75% 5 K HL 3 7
5min, JCREZKIPYE 1R, RIEINA 15% AR
BNIHEE 5 min, JOREZKMUE 4 O, K IHBEE RO FD
FET4C, F3d BEMTHFT ST
1IEH 12 MS ERE;FRIE (CK). 5228 1/2 MS
R 5% % B (N-deficiency) LI &2 %% 5 3 mmol/L
16 PP R (7 1) MBA 12 MS BlAEE R (K
HIOLE M M i 18.685 4 mmol/L KCI, 2.992 8
mmol/L CaCl,-2H,0. 1.501 1 mmol/L MgSO,-H,O
1 1.249 2 mmol/L KH,PO,; i e & Wi & &%
i : 0.005 mmol/L KI, 0.100 3 mmol/L H;BOs,
0.997 3 mmol/L MnSO4-4H,0. 0.029 9 mmol/L
ZnS0O, 7H,O. 0.001 0 mmol/L., Na,MoO,2H,0,
0.000 1 mmol/L. GuSO,4-5H,0 #1 0.000 1 mmol/L
CoCly 6H,0; A LA K & i : 0.555 1 mmol/L
JULEE . 0.004 1 mmol/L #H2 . 0.002 4 mmol/L VBy,
0.003 0 mmol/L VB, F1 0.026 6 mmol/L H % % ;
BRER A & . 0.100 0 mmol/L FeSO4-7H,0
A1 0.100 2 mmol/L Na,-EDTA-2H,0) [, 7K3FhL
BAE 22 C K HMBEEFRAED ., AR 10d, &
JEAAER, DA ST R, R T e R
PR, A ERE 3K,

£1 16 HEER
Tab. 1 The list of 16 amino acids

EAY N PELHHE B4 GRS
Chinese name abbreviation Chinese name abbreviation
WA Ala HETR His
R Arg L Ile
KA % Asn AR Leu
REAR Asp FyEAN 7 Lys
PRI Cys HERIR Met
A Gln fH R Pro
BEIR Glu TR Thr
HaER Gly AR Val

1.3.2 TN E

W 3 2H AL BRI 100 BRAE T ROF-FR 5
oK. RIS RERLCERERRIN, 105 °C 257 30 min,
5C Rk 24 h BE TR, HETF RS TR
TIFIE e A o =0 2 o it/ 0 i 4 i
JoT &)< 100%, AHXF 5T =i 40 2H 1 o f2/6) BE
HFH)*100%, REFEE 3 K,

1.3.3 &4

SYGE D E RS IFFRBT R IC SR A 1.5 mL
BT, BOESMIE 1 2B AU A
1 mL 80% N, #ECSEHA 4 C vkFE R . ¥
BRI HITE 645, 663 F1 470 nm ZEIWOEAE, -
FIRHARAE: MR a R T E: C=12.2144;—
2.814g5, MERE bEE F i G=20.13445 —
5.034453, C.= (1 0004470-3.27C,—104C,)/229, i
HRROE SR, C=CAC,+C,, MEEER (mg/g) =
nC-NIW, b, n HERBORER; Ch Bt
SGRORTE; NIMBEREEG w e 5
P, K EE 3K,
1.3.4 ARKAIDHIRLE

PR IE IHE1E 3 d Y Col-0 M7 AT 172
MS ARSI b, EEBCESE 22 C K H REEE
Fa, AR 3 d KRS 5 A 3 mmol/L
NF IR B A 1/2 MS Bk F 3 d, Fw
A 4 dFHTR KNS RSt ER 3 K.
1.3.5 EBPI1 & [0 B S JE R 1 56

Col-0 76 IE %[44 1/2 MS B384 K 4 d J5
R BAEIA 1/2 MS $5 57 54 K 3 do RRAHFRIL
0.1g A=K T 7 AR AR, B TEA A 1/2MS
WRREFRIEAY 1.5 mL B0 (30415 3 mmol/L
ANFEIRR), B TR RO 6 h, EERX
N TR TR, AR R EGAFDY 150 mmol/L
NaCl, 10 mmol/L MgCl,. 50 mmol/L HEPES (pH
7.5). 10 mmol/L KCl, 5 mmol/L EDTA. 1% Tri-
tonx-100. 10% H . 1% PMSF #1 1% Cocktail,
Western-blot &0, {#H p-actin (CMC, 475 AT
0004) I FAEF-4, {85 H] EBP1 HiiA 41l EBP1
R 1o
1.3.6 ZOUMEIRL

P S 9T B4k 3 d i 358::EBPI-GFP 1
SAPT1/2 MS B AR FRAE b, SR ERCEAE 22 °C
KHBE AT, AR 7dREIFEET
TA 12 MS KRR IR 1.5 mL 208 R
21 3 mmol/L ANRIZIER), & FOLIEEE A
PR 12 b, FIFHBOCIE R AR BRI OO
g2, WORIE R 488 nm. TG oGIE 4R AAH )
SE TR R
1.3.7 A% FERA T 2050

KR A % B o BEE B 0 T 12 5 R SC ik [22187
b, KHREEIARLL 3 d Y Col-0 F AT 12 MS
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PSS FREE I, TEECETE 22 C K H BB %46
, AR 4dE, ARHABZESHA 3 mmol/L
AN ZFEIRE 12 MS BRRE IR, XTI R
ZFIEH 12 MS BARIEFRHES, K 4d )5, 500
FRIL 0.5 g A o F 4l v T S s 200 3 5 o A 4 B
Vi (0.2 mol/L Tris-HCI, pH=7.5; 50 mmol/L KCI;
25 mmol/L MgCl,, CHX50pg/mL, CRD50 pug/mL,
RNA P15 400 U/mL, Cocktail 10 pL, PMSF
10 pL), FEFAHEE 1h)5, 12 000 r/min, 4 C &
O 15 ming BRI A 2 110 B0 ) G 1 R W R
(10%~60%) B0 H . 30 000 r/min, 4 °C, Bl
4 h J5 R A A AL MR IS o BT 34 40
245, —B T Asgo nm L AIOGIEIE , 55—
JHT RNA B2,
1.3.8 FZHEfk RNA [fHEEL

TEC LR A 750 pL FEBEZL 57 1.5 mL 2.0
BN A SRR TRIZOL W, FEMRAT. B
| mL IBEWRHECE T, IEIMA 200 pL &f5, 7
YIRS, #E 10 min 5, 4 °C, 12 000 r/min
B30 10 ming /UMW IR 8]325 BH 19 G205 12 208 1Y)
1.5 mL B0, ARZRE] R, InASEE
(29 600 L) (17 N B W . —20 °C i DT TE
J&, 4°C, 12000t/min Z.0> 10min, 2= 57, FH75%
WSR2 ke K EWHIERT . IIAGE # A ddH,0
IR RNA FHHRAFT-80 C.
1.3.9 HZBER RNA %45 ) qRT-PCR 43 H7

FIIH Takara 1% 51855 & (RR047A, Takara)
X AZBER RNA #5175 DNA I £k B 3t 57 5% 0 22 il
J3 ¢cDNA, j#ijdE & PCR E &t EBPI 185 3K F
ik . IBIRIT B-actin (AT3G18780) 1EH
WNZ,
1.4 BRI

K H GraphPad Prism 7.0 #E 178 Hg 48 | 1F
, Fi SPSS 17.0 H1f¥) one-way ANOVA 474
[vi] 4 B 1R Ak N 5 I 48 A 1] 0 22 SR 50,
LSD Z & [b# . BT A Z50ai b 31 15 f50br 1 152 2 43
Bro P<0.05 BAG#E L,

2 RGN

2.1 UL IO AN (R A A IR A M [

HRE PRI, AW S B 1w A
Ai/h, MREERE, BEH, SRSy
Ay AR, T ST R AR R R A L R S B

MEE R BRARALPE)S, Col-0 MEERTH . T
MR SRR ET CK. a5
&, SERELIEAELL, BRT Arg. Ala. Asn. Gln,
Asp LUK Gly X 6 Fhv 3% 5 fff i 20 T 2L Col-
0 & F TR ikt sh, HAl 10 Fha LRy
ANBEVKE o Col-0 X i WAL i) 6 Fofr 2 35 & 114 i) )3
FEEEAR—5, Ho, X Gln Uk, Ala, Asn,
Gly Fil Asp K=z, Arg BUBMERAR (K 1a), #EHK
ik 6 FHAEMKE Col-0 T ML (1) & JE R S 1 Fh
ANHEVR S ) A FE TR Z W2 (His) A3 Col-0, %
Hefie, THEITSESE, GREH: 5
BREALFEARLL, BIA Arg. Ala, Asn, Gln, Asp
Fl Gly J& Col-0 14 fif 5T 2 b 1 JoT & 34 b 25 314 in
(P<0.05), #HJz His AbFH2E AT ZE (P>0.05), I
SR F P ST R ST X IS AR AL
Arg, Ala, Asn, Gln, Aspfl Gly b B )53 g %%
KT (P<0.05), i His AbBEXF HIGH W (P>0.05)
(& 1b~d)o FUEPTUL, ABFSEH ST R GV 5L
aJfy, H Arg. Ala, Asn, Gln, Asp Fl1 Gly AJ/E
VA A BIL AR LR R RO
2.2 FIERKTLM IR R R

JIT A B A0 T Sl R A B O AR, AR
S W SCRT MR 1 75 FR A R Y R A 4L, A E A
A 2 S EAEY AR R LS4 R AT
2P, AR A AL, Col-0 E
MK B2 T RANHE (P<0.05), JEHEA MR %
A (Bl 2a), SHETHOT S HGE (80 25 R — Y,
WFST B0 . 8 NS ) 2 35 i X A 4 AR K 1) 52 il
A—35L (K 2a, b). W GlnJ5, Col-0 /R &R E#
45k (P<0.05), H & FIRE Z RAEFMT
(Mock) BUAR £, T X Ala #1 Asn 28 B4 A BLJE%
Gly 1 Asp it # £ ¥F Col-0 # £ fill K (P<0.05),
WAL, U Arg J5, Col-0 AR 3 4s%, HiE
F Mock (P<0.05), HFMEFIEHR . a0
Gh 7 RVE LIRS, Col-0 AR K i 25 4 4 HLH 3
T REANIEF IS, RUXLCE LR AT R
MR AR . DRI R R . AR R
YHEPIAR R AE K VERfAEZER . AR A
SR, AEY AT REiE AR R Gln AR AR R 4E
FREWMERKE
2.3 @IEMATE 355 EBPI-GFP W WA &

Bi A9 20 . AtEBPI-GFP B\{fi# i 35S
58 )T I s 2 A IC IR e B O AN A oA
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4425 & B 1/(mg/g) chlorophyll content

e a) AR HFIF Col-0 #HL; b)~d) RFEEMBIL T, Col-0 i, TR LM EE T E., B, meantSD (n=3) #/R~, il
2571 one-way ANOVA (BARIZE 7 2250T), *P<0.05, **P<0.01, ***P<0.001, ns FnLRFEEES; T,

Note: a) bhenotypic analysis of Arabidopsis Col-0 treatment with different amino acid; b)-d) the relative fresh weight, relative dry weight and chlorophyll
content of different genotypes grown under different amino acids. Values are means=SD (n=3) from three independent experiments. Asterisks above bars in-
dicate significant differences using one-way ANOVA, * P<0.05, ** P<0.01, ***P<0.001, ns showed no significant difference; the same as below.

B 1 R R EER AN

Fig. 1 Response of exogenous amino acids in Arabidopsis

0 B R DU B 2R 00 I 3 TR s 358
EBPI-GFP RACFRIST,  HBREFEA oA 0 3 55 1Y)
POUES, SRR RGE ", S Gly
Ala J5, 76 H: 4 A bR U 310 5 20 A 98655
Ifii Gln Fl Arg ZbFH)5 , 35S:EBPI-GFP [5Gk

ERAETEAIME . 28 BFTIR, Gly. Ala. Arg 1
Gln fiEfet 35S::EBPI-GFP 5L R,
2.4 FIERRITT EBPL HIEIRE

I 4n]H . 5RO, Gly, Arg &
Ala i Z et EBPI mRNA )58k ; 1 Gln &b B
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EHIITONSEI PR FORIFE®

M
&
&

e a) AR IT AR R b) K5t
Note: a) root length phenotypic analysis of Arabidopsis Col-0 treatment
with different amino acids; b) the statistics of root length.

B2 SEBES Col-0 AN
Fig. 2 Effect of amino acids on the root length in Col-0

J& EBPI mRNA HJAHXT A i B AL H 0 i 35 2
So % FFTR, Gly. Arg fil Ala fE1E B2 L
i EBP1 IR ER,
2.5 SIEFRILEE EBP1 AR
Western-blot iR I0 45 (K] 5) #l . SR
I, BREAM)S, EBP1 A EFEE., B
Ala )2 Gln J5, EBP1 1 & in; Gly % EBPI
EHREA MW ; 1 Arg A1 Asn KPR 5 HA A &
FL B R AL FEREAG . 25 B iR, Ala #1 Gln 7 H
JKF- EARHE EBPL 85 AR &L

[=]

3 g
TR Y P I DIRE A, EAURE

35S8::EBP1-GFP amino acids, 3 mmol/L
CK | qly | Gn | Ag | Al

i a)- e)lﬁé)‘a‘ﬁiﬂlkiﬁu I PG ¥R A A 2 R A 8
TR R

Note: a)-e) the enlarged part of the white box. All the fluorescence im-
ages were scanned with the same parameters.

3 REBRIFES 355:EBPI-GFP
Fig.3 Amino acid induced35S::EBPI1-GFP

F B READ S B AL G A R SRR, £ 5
RN FEAREHR R IR . YRR R, K
WAL S 58T Qe R T, AR TR
IEERABRA R, IMREERNEESE, Y&
T F R

AR HREUENA LR, $URITT Col-0
REME MR FHAMIR Z R, HAS A 2 S % A 4
AR EFEWRWAEZ S, HPEAR . W
R . RAWE: . WFaEm . R H AR GE
PRIZ Col-0 MYBRARAY . BRIV M AR PR B
RFEIRAY, HA 5 T 22 R 151 Sy W Pk 2 7K
MR, WA, ZAAMIITE S HERRelE Y
ﬁﬂﬁ%ﬁ%%%oE%$M%EiTM$%%
WS SRR E A LR, SR, HREils IR
FEART R o 19 28 SR AZ AR TR | I TR AP IR 2 SR e
i BRI A RERSE

A AR E 0 T2 Ge R

TR SRR, EAEARK . U S
HLEEH . T8RN E M (the target of ra-

pamycin, TOR) J& T i Mk AL B -3 4 1 AH OC I8
fity, BA 22 @RI @ RIS v, Tedt e B+
HRSF . TOR FEREG N, B IR FIRE i SEAH OGS
S UL A R A RO R RO ERT, &
SRR SIGE , VR AR S A e
TEMZL 3% H, mTOR (the mammalian target of
rapamycin) H 2 B AR [F D RER & 5 WA AL,
435128 mTORC1 & mTORC2"", mTORCI i it
A AR YRR PR T R4 240 A A i R Y 2R
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1.5 -e) a
808 s Col-0 Gly
1.5+
1.0}
1.0+
051 polysomes 0.5F
0 tla]sfafs]e[7]s]o]w]n ° 9 10 1
201 b) w Col-0 15D EBPI b

15+

1.0}

80S s Col-0 Gln

5
05l polysomes 3@ E
+—
EO 2 ]3]4als]ef[7]s]o]wo|n %E
<3
<20 0) st COI-0 g E
80S m—Col0AEg = o
1.5} 5 =
R
[}
1.0} S
o5l polysomes
0 1|2|3|4|5|6|7|8|9|10|11 Oé 9 10 1
2.0 d) s C0l-0
80S s Col-0 Ala
15t
1o}
05l polysomes
1|2|3|4|5|6|7|8|9|10|11 Oé 9 10 1
25y 4oy
fractions fractions

1:: a)-c) Gly. Gln, Arg #l Ala ZLFIHIFETIF Col-0, ZAZMHAL IMTE Argo am ALHIMOGREEITLE . BOER 40S. 80S L K £ BAZIEA (polysomes) £
TEE HFHRIC; e)-h) QRT-PCR Kl #5AbBRA] 22 AL 43+ EBPI () mRNA &, B-actin FITEN S

Note: a)-c) Arabidopsis Col-0 treated with Gly, Gln, Arg and Ala, the absorbance curve of each ribosome component at 4,4 ,m 40S, 80S and polyribosome
components are shown in the diagram; e)-h) qRT PCR was used to detect the mRNA of EBP/ in the polyribosome components of each treatment group. f-

actin is used as a reference gene.

4 Ala, Arg#l Gly %5 EBP1 mRNA HIEFEHZE
Fig. 4 Translation efficiency of EBPI mRNA regulated by Ala, Arg and Gly

JF A B . mTORC! 3 1ot B R Tb B0 A% 40 i e 4 TR
T 4E (eIF4E) 542 1 1 (4E-BP1) Hl p70 A
S6 & L 1 (S6K1) fE k& [ i & . 4E-BP1
FIBERR AL H 55 eIF4E fif B, kL% eIF4E HI41
HI/E ], eIFAE M1 55 elF-4A il elF-4G 454,
JE X, elF-4F 5, IF5 mRNA 4545, ik

B AR T R R 4R Y. S6K RE B R Ak JT U T
40S BARHAZE 1 S6, HEMIHE R 50 & A AR U2 R
& IE (5'tract of oligopyrimidine, 5'TOP) f)—3&
mRNA [ BHPE R . 5'TOP mRNA 4 41 g 4 &
RNA HJ 15%~20%, #ih 2 Ff 2 1 57 B 18 BT s Jl
g3, AR . ZEAR TR polyA £S5 HE H
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a)

Col-0

NOy + | -1-1-1-1-1-

3 mmol/L amino
1

- — | Ala| Arg|Asn | Gly | GIn

EBP1|-“"—-’ L — ‘

actin| _---‘
EBP1/actin: 1.25 0.66 091 042 0.60 0.65 0.71

b) 15¢

EBP1/actin

ISR
O
é/

ARl EE AL B

treatment of diffrent amino acids

¥: a) EBP1 &M, LA B-actin fENINS; b) A image J 45T &l
Sa Zkal B K RE (BN E o

Note: a) EBP1 protein was detected, and B-actin was used as reference
protein; b) ImageJ was used to measure the gray value of Fig.5a.

5 SEES EBP1 ZEEHIFN
Fig. 5 Effect of amino acids on EBP1 protein

&, AW, LHERER . FEBMAEE
R, X F#7E mTORCI &M fE S, HhY4
REMR R Z 0, K TSRS A RE A b
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