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Screening of interaction proteins of GS3 in rice using BiolD
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(' Guangdong Provincial Key Laboratory of Biotechnology for Plant Development, School of Life Sciences ,
South China Normal University, Guangzhou 510631, China )

Abstract; GS3, encoding the noncanonical y subunit of heterotrimeric G proteins system in rice, is a major quantitative
trait locus for grain size in different rice varieties, serving as a negative regulator in seed or organ size. Newly-developed
BiolD ( proximity-dependent biotin identification) system, which detects proximal proteins in vivo, has been successfully
applied in different species for its features of sensitivity, high efficiency and fast speed. And the mechanism of BiolD is
that the biotin ligase, the core component, could attach biotin to the proximal proteins, and the biotin also connects
tightly with streptavidin, therefore, the beads coupled streptavidin could be utilized for enriching the target proteins. In
this study, we screened proteins interact directly or indirectly with GS3 in rice protoplasts by BiolD method. The results

of Western-blot showed that fused protein BirAG-GS3 expressed and biotinylated the proximal proteins of GS3 in the pro-
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toplasts successfully. Biotinylated proteins were enriched by beads coupled streptavidin and the Mass Spectrometry se-

quencing performed on it. Then, the function of proteins has been annotated and enriched, meanwhile, protein-protein

interaction graph was established. Some of the candidate proteins were confirmed by BiFC, indicating the possible inter-

action between ICL, PPDK, RPN7 and RH15, and the engagement of GS3 in regulation of energy metabolism, stock of

starch, ubiquitin-proteasome system and apoptotic pathway . The above results will facilitate the elucidation of the regu-

lation network of the function of GS3.

Key words: BiolD, GS3, rice, grain size, interaction proteins
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W28 AR R =R AK G A R R R
Fy, DA RH E i 32 44 T i 2000 28 1 B D 4
Ty 23S G R A8 B HL ] # 32% 30 s Al A
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BiolID ( proximity-dependent biotin identification )
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1.2.1 ## K 4 GS3 BiolD #H 4k  #HUK A RNA
FF L Sk R cDNA 32 il PCR $ AR XF 6S3 CDS
TP ¥, I H B ¥ R GS-F. GAAGATCTATG-
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Table 1  Results of protein spectrum sequencing

A UniProt % 5% %5
Name UniProt accession
S5k r s Tk Q67W51Q9ZSTOQ7XVZOP0OC443Q06YSX0

Structural molecule activity

GTP/ATP %54
GTP/ATP binding

W ALY — RN E

Purine ribonucleoside triphosphate binding

N T
Small molecule binding
445

Anion binding

AL 5
Oxidoreductase activity
AR R A I
Glutamate synthase activity
AR R

Cyclosporin A binding

B~ JEL R bk IX SR PR A 1

Magnesium-protoporphyrin IX monomethyl estercyclase activity

A
Epimerase activity

- E ey
Chlorophyll binding
SRR R 2 A RS A
Isocitrate lyase activity

S H e

Isomerase activity

HF e ig # ik

Electron transporter
BRI AR K & B
Phosphopyruvate hydratase

BF454 Ton binding

RN - — W RRR (L il
ribulose-bisphosphate carboxylase activity

/N Rindi
&4 Binding

Fefluor v 2hae

Other Molecular Function

PNl

Unknown

084MQ406Z382B7F845Q60ES9Q10MSS POC446Q6K853

Q6YW27 [QOJLS6 (RHD3) | QODXROQ6ATRSQ10PB3

Q9SDK4P403930654U50Q40723

053RJ5 Q75HJ3 Q84ZB2 [Q5JK84( RH15) | Q8LQ68
Q75HT8 Q7XPY2 Q9ZTS1 [Q6AVAS(PPDKI) | Q53RMO

06K400
06AV34 Q7F2X8 POC503 QOJ6A9

Q6ZCFOQ67VZI

Q5ZED1P0434B04.35-1
QI10LHO

Q69RJO
0651B0
Q9SDJ2
Q6EPQI
P0C355084PB5

06Z6M4 (ICL)

Q579H9
POC319
042971

Q6ZH84 Q6AT26 Q7XV86 Q6K669

Q671US

05W6J3 Q0JL44 SGT1 Q657CO

Q10QW1QOIPL3 Q9LGQ6

AOAON7KL37 AOAOPOW2R2 POC509 Q6ETD9 AOAOPOXC87 Q5VS79
AOAOPOVLT9 AOAON7KJP5 AOAON7KKNI AOAOPOXX95 AOAOPOW7KS
AOAOPOXBM6 P55857 AOAOPOW399 AOAOPOWJQ6 Q6H660 Q94D81
AOAOPOVWWI1 Q65815 Q84SZ1 AOAOPOXWA7 AOAOPOVUMS AOAON7KLS7
C6L686 AOAOPOW2POAOAOPOW2P0O Q9FTY4 P0436E04. 19 AOAOPOVRQO
AOAOPOVRQO Q6Z4F3 OSJNBb0084L07. 11 AOAON7KKB7 AOAON7KKB7
AOAON7KMSOAOAON7KMSO AOAOPOYAAS AOAOPOYAAS Q6Z901P0501G04.4

Q8W425(RPN7)| Q6K6G8P0487HO5. 39 Q84R32 OSJNBbOO16H12. 19

AOAOPOVUNOAOAOPOVUNO  Q8HO800OSJNBbOOSONO2. 11  AOAOPOY344
AO0AOPOY344 AOAOPOVVX9AOAOPOVVX9

1E: T BiFC 28819 5 AN A S B2 ad, JERIERIC

Note: Uniprot accessions of five proteins for BiFC are framed and noted.
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Fig. 1

(T RIZbr Bl U0 AL a5, I b 1 X R A N DT ) -
ICL-F  GAAGATCTATGTCGTCGCCGTTCTCCGTGCC-
ATCT(Bgl 1) ; ICL-R  CGGAATTCCATCCTGGATTT-
GGCAAGAACATGGCT ( EcoR 1) ; PPDKI-F GAAG-
ATCTATGCCGTCGGTTTCGAGGGCCGTGTGC  ( Bgl
1) ;PPDKI-R  GCTCTAGAGAGGAGCACCTGAGCTG-
CA-GCTAGCCT ( Xba 1) ; RPN7-F  GAAGATCTATG-
GACGGCGGCGTAGGCGAGGAAGGG( Bgl 1) ;RPN7-R
CGGAATTCCAGGTCAATGACTCGTGATAGCTTCTG
(EcoR 1) ;RHD3-F  GAAGATCTATGGACGCCTGTTT-
TTCAACACAGCTT ( Bgl 1) ; RHD3-R  CGGAATTC-
GTGTGCAATCGGGCTTGAATATTCGGGT ( EcoR 1)
RHIS-F  CGAGCTCAAAATGGGCGAAGCTGAGGTC-
AAGGACAAC(Sca 1) ; RHI5S-R  GCAGTACTCGAAG-
GCATATATGTCGAAGTATCAAT (Xba 1),

2 HERH4M

2.1 BirAG-GS3 EAEKBRAERKFHNELR
Rik

W pUbi == BirAG JSURL 3% Ak i#F J5 A i ) i A
W E AT 3R AR R BRAE X IR B pUbi < BirdG =
GS3 R EEAL A JFAE A, — s I &, — 1y
TINS5 R S A ABAPEXT IR 4, % 24 h
Jei , BRI A T A SR 1 bt BirA 2 iR ST
&R —HTiE 4T Western-blot &, HiH BirAG T

Physical map of pUbi :: BirAG vector

/K 35.29 kDa, BirAG-GS3 filt & 25 A U K /N2 oy
59.62 kDa, 5 525 45 AHSF, Lo g R ANl 2 BF
/N, M BirAG-GS3 @il & 8 I &k,
22 GS3 PIEEBEKABREEREFNEVENL
&R

I AR AR, DR 3 SR A W A 10 4
SEMZE AT Western-blot & (& 3) , Kl 3 455
R, BHPEST HR Y BirAG 411 BE £ 4k 447 , Fon HiAE RS
YR EZFOKFETIE N, BirAG-GS3 7RI A IS
ARG, HHB— 450, %AW K
FENEA RN ES, WIERARNEYD R
FEE TR, BirAG-GS3 £ H T 263510 & WA X
JABIE TR 24k, BirAG-GS3 fERIE Y &
FIREFRWR 2 B, 30 B BL T R 1Y 250
ULHH BirAG-GS3 1J LI fS 4RI 8 (B E L, X
FW] BirAG-GS3 fil & £ 11 L0 A= W) 3R Ak B 45 5]
HAHEAE A,
23 GS3PIEEANRIELEELER

S EYRME AL ik E £ R T, &
WIS 5 S B ARG HEAT LC-MS/MS 43 BT, it
TR AR B ) JEL s wiff 3 S, 2R Maxquant 314
HEATEE 0 T AL R B4 BT, W AR A5 04 2 1
FREK (K 4), 253 BirAG 411 GS3( -) 4 Ay Ik,
AT HH GS3 (+) Fe A E A 101 %
X S A M %5 hitps://www. ebi. ac. uk/
QuickGO , FFATHE PRI AR (K 5), 5 451 W
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ZofimEige

CBB staining . ——

I ARG BT HER(H) A EEMR(-)
WiFRWOME 5, A Anti-BirA HUiAoe H SR kT
Western-blot, K51l BirAG J& % #3582, % i
ST G-250 Je (o T 4R A LTI
Note: Western-blot of proteins in rice protoplasts after transient
expression of BirAG and BirAG-GS3, with or without biotin in
protoplasts incubation solution. Anti-BirA antibody were used
for detection of BirAG. Coomassie Brilliant Blue G-250 staining

was used for monitoring the sample loading amount.

2 BirAG Fl BirAG-GS3 7EJAE
J A B R SRR
Fig. 2 Protein expressions of BirAG
and BirAG-GS3 in rice protoplasts

/R, GS3 AL HZ 52 AW IR, 2 Rk
eEY) AN Z IRAE S, 4L 707
11, GS3 AR A EZ AP e b A S A
WAEE, 07 IIREJT T, GS3 AHCHE 1 A 45
o TG P TR /N o 1 S T D g, 1 i 45
BRREATIR T4, LIRS T I6E, #1
FIE AT, ML 1 PR, BXEEATA
STRING M3 (http://string-db. org, HAEH H/%E
SR TH) M GS3 MW E AR AL (K 6),
XKW GS3 /I 93 H Z A WA 72 VF 2 5L B iE
(Y AL BN AR B AR . Rl LA ) GS3

Anti-Biotin

--s

EOERELRE

CBB staining

I BUERARAE TESAEYR(H)BAEEWR(-)
BIRWWEE G, M HE R R AR -HRP X H B Aty
Western-blot, f 4: #) Z AL 8 A&, % D2k
G-250 e (4 J 2R 1 AR R
Note: Western-blot of proteins in rice protoplasts after transient
expression of BirAG and BirAG-GS3, with or without biotin in
protoplasts incubation solution. Streptavidin-HRP antibody
were used for detection of biotinylated proteins in rice.
Coomassie Brilliant Blue G-250 staining was used for

monitoring the sample loading amount.

[l 3 BirAG il BirAG-GS3 fili & 4K (I 7E Sk
RNV AR Y/ (A Ao
Fig. 3 Proteins biotinylated by BirAG
and BirAG-GS3 in rice protoplasts

SR TR AR b o R i 2 3R A, AR U R
K, SRR M R AR, b & E S5 i e Rk
F
2.4 GS3 5EPIEER R EERT

PEIE T ICL (Isocitrate lyase, 57 4# R £h 24 i
fif}) .PPDK1 (Pyruvate phosphate dikinase 1, PN i iR
BERR XU ) \RPN7 (26S A AE ATP A (1Y
YT IFE 6, 26S proteasome non-ATPase regulatory
subunit 6) ., RH15 ( DEAD-box ATP-dependent RNA
helicase 15,DEAD & ATP {3 1) RNA fift g i 15)
1 RHD3 (ROOT HAIR DEFECTIVE 3, T fE 5



6 1 FLoR#R % . W BiolD $ ARG BE /K FF GS3 HAEEH 777
F13) , il 5d WU Fo e B AMEAR X ks i & A
AT EAERAE, S MERARSER2 POLRE,
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BiFC 3 ik # 4k, BiFC Z5 R &l 7 fr 7R, ICL,
PPDK .RPN7 I RH15 5 GS3 EH K4 HAE,

BirAG GS3 (-)

3ot g AR

i3 BiolD i ENAFE] 1 101 Mk &, AT
FEPEIE T 5 ANHEAT BiFC #) 48 Kl % 2 4 4> a)
fiES GS3 TAERYEE H, 40 % 4 ICL, PPDK  RPN7
GS3 (+) I RHLS, X EE 8 (19 L2 MY e KRB,
AR g —Ffv bl 33 i 358 PT R B9 B A &R B9 5 5, BiolD

K4 Brkdesn T RE . . .
AN F B XURAZ B AT LA 240 i e G I ) ifs 3

Fig. 4 Schematic Venn diagram of the

proteins identified by MS FE, AT DA I g e 1 55 45 G AR .
EFEE YHRRLE 53 T INEE
Biological process Cel | component Molecular function
80 1
= 50
o
60 1 L
5 .
o o
= [ =
3 30 8
iz s
E [m
2 20 &
HO
R 20+ b
7 -10
bl
0 4

12345678910 111213141516171819 20 21222324252627 2829 30

E: L AHEREYEY A RBGTR; 2. AYLALADIRIHE R 3. B, 4. NS RR; 5. Bk &GS R 6. AR R
7. BEREA e UL R 8. AT 9. AR & U R 5 10, ANMMERG AR R 10 BT S5 120 MU 13, BUiA
14, HER0R, 15, BOBEAR; 16. 40P ; 17. 40093043 18, 4UMIRS; 19. MEANFR4A; 20. REREHAE L ; 21. B0 Filitk;
22. MAERINESNE R ; 23. GTP 254 24, SEMERITLS G 25, SAFIRSS &5 26. WERS ORI =BRSS5 5
27. tRNA 45455 28. GTP W&t 29. /My T455; 30. BIE 46
Note: 1. Organonitrogen compound biosynthetic process; 2. Organonitrogen compound metabolic rocess; 3. Translation; 4. Small molecule
metabolic process; 5. Peptide biosynthetic process; 6. Peptide metabolic process; 7. Amide biosynthetic process; 8. Photosynthesis;
9. Cellular biosynthetic process; 10. Celluar amide metabolic process; 11. Cytoplasmic part; 12. Cytoplasm; 13. Plastid; 14. Chloroplast;
15. Ribosome; 16. Intracelluar; 17. Intracelluar organelle; 18. Organelle; 19. Intracellular part; 20. Large ribosomal subunit;
21. Structural molecule activity; 22. Structural constituent of ribosome; 23. GTP binding; 24. Guanyl ribonucleotide
binding; 25. Guanyl nucleotide binding; 26. Purine ribonucleoside triphosphate binding; 27. rRNA binding;
28. GTPase activity; 29. Small molecule binding; 30. Anion binding.

Bl 5 RERAR R 4R
Fig. 5 Enriched gene ontology
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Ribosome .
BL33IFLL 9 . Porphyrin and chlorophyll metabolism

s Fatty acid elongation
058555738900 . @ Glyoxylate and dicarboxylate metabolism
0stieus y Ny Ry . Photosynthesis
osi@orisrai () RNA polymerase
050, 2550000 , AN NN ) carbon metabolism
050750201100 LA N ANYY " Monobactam biosynthesis
RPLI.OA X TN ' AR QN “"“Protein processing in endoplasmic reticulum
gegosoéiuo 7 Ay " Lysine biosynthesis

POO37D09. 3=
o N
0SJNBbOOSALO7. 1.7
0SJNBbOOIZE08:10 -/ i
o S \ N\ )
P0705D01:9,
® i il /
05030181500 -
® ’ p
0SJNBa0020102. I
o
P0434B04. 35-1
‘ /
PO003H10. 2
®

0.11548)12. 5
08 JNBa0030J19. 9

P0022E03:39 /

0L X
®  Po463E12. 1

K6 P
CHLT pvR PPDKT
o—o¢ © (.

TE: BIBCERERE/E G, AR KEGG i@ B ali# AWl 2, Bie il B G B W5 (g Wi, BBz, fRR P-value (HBUKR
Note: Circle nodes for genes/proteins, rectangle for KEGG pathway or biological process. Pathway is colored with gradient color from yellow to

blue, yellow for smaller P-value, blue for bigger P-value. Full lines mean known interactions, while the dotted line means predicted ones.
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Fig. 6 Protein-protein interaction graph
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Fig. 7 Representative BiFC results of five proteins

proximal to GS3 in rice protoplasts
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BERR AR B S VI I FE R IR, FE IR S AR R |
A=W R [R) 2 A AR R R, K
e, PPDK1 PR 78 i IR 4 i v 3R 5k s AN &, (BLTE
KPR A 3K (Kang et al, 2005) , Chastain et
al(2006) WF5E46 Y, PPDK1 & AE /KRG Fl 1 % B i 72
HA R TERN 7 & B BV K IE e, H 2
W Ak R S P | WA 8 (L R s e th 2 5
Hoh, PPDK1 IR R TG MR AT, 2 5 2ok hkE
M EERE N, by H 8 44 ( Kang et al, 2005; Wang et
al, 2015) . Lappe et al (2018) 55 & B, 75 £ K
PPDK1 F PR3 o 98 2 5 158 fifp 168 0%, 2 Wi R 2L A i
Bt HATHEN , GS3 2 5 IRF I RlRE

A ATP $2 4L ¥ fiE i, DEAD-box RNA fif it
fif ( RNA helicases, RHs) JL-F- 245 RNA #% 5 3| 5
R T A Y R AR A KR B R
m i B AE A (Linder & Fuller-Pace, 2015) . fE/K
FErh  H T4 2 1 5 ( Apoptos isinhibitor5 , API15) 5
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( APIS-INTERACTING PROTEIN2 ) #& 1 — 4~ % 5%
EEWY 55 MR E H 1 ( Cysteine Protease
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HiJ2 B Al ot R P A A0 M U T AR (Li et al,
2011) . Ht AIP1 5 AIP2 SZJ% | J& ATP {061
DEAD-box RNA fiff i i B 53 , 73 %l 4 OsRH56 &
OsRH15, 7ERIRgITH, =FIK G AW g WHT
IefE5 M & &k AL 45 DEAD-box & FI 7E I 11
DNA/RNA fift fig i 2 5 H 1 (Khatri et al, 2017) .
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GS3 T ilF MR 4%
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1 BIK1 MHHEAEH, B 5 AGBI 1 AGG1/2 Ryl fig
— G A T AR BIK1 (5 A, £l H ik 5
FAERY S 0% (Liang et al, 2016) . H L4,
GS3 WRENT LIS 5312 £ - AWK RS, i
Mm% 5 5. 76 MR N B ( Saccharomyces
cerevisiae) H, K BIZ K 1 i SCFV 1B A I
o, WY CEBR UG PA ( Nakatsukasa et al, 2015) , 45
4 PPDK1 5 ICL A ¥ Difig, /5l GS3 HiEZ2 5
VEREA# \TCA 5 CRERRAIGA IV,

ARG L BiolD £ A , I AE T GS3 4D
A, I T X H W EAERM Y, BiFC 45
REAEEEA 5 D CS3ABEEA T, B 4 1N &
M52z 5 AE, 4 %) & ICL PPDK ,RPN7 1 RH15,
W BE A IR R IE R T i A 2 R
~ ARG AT SRS R Y R, A
TP IR = RAK G B SR AE T4 &R, d oK
FEA G P PR it TR R B . B T AR S R SR
FH )2 7K R PR D A oA iR 1 B 1 Rl R LA
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HEAT BiolD $A , LU G878 AS [5] 1 41 21 40 Jf 2 784
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