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Construction of two-hybrid library of yeast and screening of NnWRKY40
interacting proteins in Nelumbo nucifera Gaertn. ‘Baihuajian’

Chen Si-Meng®, Wang Jin-Xin*, Dang Ming-Jing, Wang Zheng-Dao, Li Jing"
(School of Chemistry, Chemical Engineering and Life Sciences, Wuhan University of Technology, Wuhan 430070, China)

Abstract: To explore the potential mechanism of the NnWRKY40 transcription factor in lotus (Nelumbo nu-
cifera Gaertn.) for regulating the synthesis of secondary metabolite alkaloids, a mixed cDNA library from diffe-
rent lotus tissues was constructed, and the proteins interacting with NnWRKY40 were screened. Total RNA of
different tissues was extracted from ‘Baihuajian’ , and a mixed cDNA library was established. The library ca-
pacity was 1.2 x 10’ CFU, recombinant rate was 100%, and average length of the inserted fragments was
>1 000 bp. NSnWRKY40 contains two homologous genes, NnWRKY40a and NnWRKY40b. As NnWRKY40b is
reported to play a leading role in transcriptional activation of alkaloid synthesis genes, we used NnWRKY40b
to construct the bait vector PGBKT7-NnWRKY40b. In total, 27 proteins interacting with NnWRKY40b were
screened from the library using the co-transformation method. These interacting proteins could be divided into
three categories: i.e., growth and development and stress response, hormone regulation and secondary

metabolism, and unknown proteins. Six representative proteins, including NnUBC, NnPEBP, NnPPOA,
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NnCHS, NnJAZ1, and unknown protein 3, were selected for one-to-one verification, among which the JAZ pro-

tein was associated with alkaloid synthesis, suggesting that the NnWRKY40b transcription factor may be

closely related to jasmonic acid (JA)-mediated regulation of alkaloid synthesis in N. nucifera.
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Table 1 Primers used in one-to-one verification of interacting proteins
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Primer name

EmJFH] (5'-3")
Sequence of forward primer

S Fa (5'-3")

Sequence of reverse primer

pGBKT7-NnWRKY40b

CATGGAGGCCGAATTCATGGAGTC

GCAGGTCGACGGATCCTCACCA

GACTTGGTTGGATAC TTTCTGCACTGTTGAATG
SGADT7-NNJAZ CAGATTACGCTCATATGATGTCAA TGCTTGGGTGGAATTCCTACTGT
GAGCGCCGGACCT GGAGATCGAGCTTGT
SGADT7-NUBC CAGATTACGCTCATATGATGGCGA TGCTTGGGTGGAATTCTCAGGCA
ACAGCAATCTACCC CCACTTGCATATAG
SGADTT-NNCHS CAGATTACGCTCATATGATGGTGA TGCTTGGGTGGAATTCCTAGGCA
CCGTGGAAGACATC GCGATACTGTGAAG
SGADT7-NnPEBP CAGATTACGCTCATATGATGGCGA TGCTTGGGTGGAATTCTTAGGCT
GTGACGAGTTTAGGT GGGAAAAGTCGGATC
CAGATTACGCTCATATGATGGCA TGCTTGGGTGGAATTCTCACGAA
PGADT7-NnPPOA TCGCTTTCTCCCTTGA GCGAACACTATCTTG
SGADT7-Unknown proteind CAGATTACGCTCATATGATGCAT TGCTTGGGTGGAATTCTTAGACG
TCCCTGAGCTTAAAACT ATATCCGTATCATCTC
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B1 ‘BEE Y6 /MTRAALAERERNAKRE (A) MmRNASELER (B)
Fig. 1 Total RNA quality testing of six different tissue samples of 'Baihuajian' (A) and mRNA isolation (B)
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SEHIR AR BEK KT 1000 bp (&1 2: B), #fE
Wi A AT R SR RS, T TR 2R .
23 RENEHESETE

AR CE TR, 5 pGADT7-DEST # {4
FH LR S 47 % 42 91 i % AL K #F 5§ DH10B /%

AN, RBRE SR . B 10 ul AL
TR BE 100 £ )5 U 50 ul %44 LB Ftl (& &%
HEER ). SRR, FEHREEHRKT 1700 1,
WS PEA RN 1.36 x 10° CFU (K1 3: A) . i
PLEKHL 24 4~ B 7% E 1T PCR Y34, B4R N
100% (¥13: B), “FHAfARBAEEKT 1000 bp.
45 R IR G L) o
24 HIERASERNS BEEGN
35 1 Tk PGBKT7-NnWRKY40b Fi%k #y 23
# PGADT7 344 1k Y2H Gold i £ &% 52 25 40 i,
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A
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2000 bp
1000 bp
750 bp

2 VIENEEREE (A) M AMTETBANRRBPCRETE (B)
Fig. 2 Identification of primary library capacity (A) and PCR identification of inserts (B)
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2000 bp
1000 bp
750 bp

B3 REXEEREE (A28 NEHEANFER PCREE (B)
Fig. 3 Identification of secondary library capacity (A) and PCR identification of inserts (B)
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SD/-Leu/-Trp (DDO)

SD/-Leu/-Trp/-His (TDO)

SD/-Leu/-Trp/-His/-Ade (QDO)

Bl 4 pGBKT7-NnWRKY40b % {HE H B &
Fig. 4 Self-activation test of pGBKT7-NnWRKY40b bait protein

SD/-Leu/-Trp/-His/X-a-gal

SD/-Leu/-Trp/-His/-Ade/X-a-gal

5 TDO/X (A) #1QDO/X ( B) &35S E I A NnWRKY40b EIEE R
Fig. 5 NnWRKY40b interacting proteins screened by TDO/X (A) and QDO/X (B) selection medium
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Zhb P, L] NnWRKY40b 1] fE % 5 E N S0
TER P A B AR . JA LRI 3 hint, 27 Mgk EAE
EHGMSIEFPE 6 NI R FIE (log2FC =
1), 61 3H B T (log2FC < -1), ULH
X 12 A FEF AR B R JA, FTRES S JA Y
SE B, S35, A 8 AN F 10 A AE

JALLFE 6 h il 24 hIbf w4 o & i (&1 6: A).
5 JA T, KR SAMFE, 27 Mgk H AR
EARGIEAPA 10 MERFR R ERE LTHET
Mertaste, HEAEALTR 24 h i 34 8 a3 T 2
ko S, B 8AFEHTE SALEE 24 h 5 W E I
JA, UL BERER T REN T SA N FE S EEK T
Wio BRILLAIAL, 32 SA X 10 Mk A —&
IEIERT, HeniEabsi 6 h ik B3 (K 6: B).
27 REMEMEZEBS NnWRKY40b f3d S I8

h T 2P R L 15 NnWRKY40b &
ER R E, ARFREICT 6 MURMEMEREA
AT B gl (B 7)o 6 MR R A
18 F 4 R R KA A G BEE NnPPOA
NNnCHS. NnJAZ1; ‘K& & KL/ C&E M
NnUBC. NnPEBP LA}z 14K %1 3 fig & 4 Un-
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Table 2 Screening and functional prediction of NnWRKY40b interacting proteins

WS E=Re FEPH S EHSPA AR ) RE T
Classification Protein ID Gene ID Protein name Protein function prediction
LEREE R MR &AM, NnSBT1.7 Tl B2 R H AR R
o XP_010271938.1 LOC104607876 BATEEEE, Nn . A
XP_010266914.1 LOC104604316 ki, NnPC2B Z 50616
DNABE, SEJAMI, braipamy, B
XP_010279114.1 LOC104613113 Z R4, NnUBC fRAEKR, EEMYEX, WHEE ABA(E
SR
YP_009093956.1 LOC20834983 ATP &1/ CF1 ME5:, NnatpE  SBE1EH, ZuiEftis
SE A Il kLR
XP_010265991.1 LOC104603626 E‘rfégftﬁ% SR U7, Vi, HPEE
- JCAEM, FEE, dMRER, 4k
H 2
XP_010269750.1 LOC104606314 W% A 5.1, NnCTR5.1 ey o
XP_010255313.1 LOC104596029 ﬁn{fﬁgﬁegﬂi%ﬁa’ HAENIZH . SIS
T RER e /I 42 Tt . .
XP_010248208.1 LOC104591115 : @;MZ‘@HW&{M@ R HEATEM, MR, mhEEEY b
151, NnRCA
NN T /zvz: . . , »
XP_010270928.1  LOC104607108 jnﬂg;%"iﬂm%%‘ﬁw N R AR RS, AN AL
XP_010269352.1 LOC104606034 Z?;ﬁ%¢§k{ L13e, PR BRI S5k Rk
XP_010270872 LOC104607076 ADP-BMILALIN T, NnBLH8  4IfiPN:Bky . - HIgE s
XP_010275748.1 LOC104610704 MR, NnCAF 1 RNA [t
T 1 b T
XP_010241640.1 LOC104586181 R FUNEMIR RS, BN S EL A
NnVPS37-1
Wi QB AS A N, WMYAKEE, JUMME ST,
XP_010264580.1 LOC104602549 NnPEBP 11 MAP 085 B
XP_010251283.1 LOC104593218 5Bl Fef2 4, NnFcf e, FEmarte, iR
XP_010263125.1 LOC104601478 ATP £ i}, NnatpH FHEER, st
XP_010244725.1 LOC104588480 2 ACR12 #&1, NnACR12 A H AL, VIR, G N
iﬁifgg}ﬁ XP_010258950.1 LOC104598530  ZZF & 1, NnUBQ R, RARRGS &2, AR
e ik JAFS 155, mapiEhiie ,
XP_010251469.1 LOC104593386 ZBI TIFY 10A 2 -, NnJAZ1 IR . E B
S i NS = SO S
P FHEWNAEY G, ERFRBHIET,
NP_001305084.1 LOC104602160 /K14 i, NnCHS A2 i M
XP_010273014.1 LOC104608661 DAHP £ %, NnDAHP Gy SCRA K
ADC92563.1 LOC104588895 Z By E AL, NnPPOA R, KRBTR . AT KA G T
S-IRATF R IR AR A G 5, ARBFREAY G R, BRI,
XP_010270953.1 LOC104607120 NNSAMS BRI
R XP_010261469.1 LOC104600297  KFEMEHE 1 A
XP_010260316.1 LOC104599465 KREIEEN 2 AH
XP_010248518.1 LOC104591415 KFMEEH 3 RA
XP_010276554.1 LOC104611264 KFMEH 4 A

NnJAZ1 & EME (K 7. A), NnPPOA 5 NnCHS
SRR A K R 5 AR P g Y,
NNnWRKY40b Gt 5 — % HF, ] NnWRKY40b
ARES 5P AR E & . 556, NnJAZ1
B JAfESE P EERENT, S50 SHY
A AR A ", NnWRKY40b 5 NnJAZ1 &

Y, BB NnWRKY40b 5% 5% K F Al g 5 JA 519
VAR R BAC L AR A O BR T IR
I E A X % 1, NnWRKY40b it it 5 NnUBC
(17 B854 ) F1 NnPEBP (5 ig Bt 2, B e 45 &
HH) BHAE (B 7: B), P NnWRKY40b 1] fig
S 5EWARK KB SRR



454 W) B 25 27 4 54145

JA B SA
NnRCA 15 NnUBQ
NnatpH ' NnTATB
NnACR12 1.0 Unknown protein4
NnPC2B NnSAMS
NnCHS 0.5 NnDAHP
NnsBT1.7 NnJAZ1

] NnTATB 0 NnWRKY40b
Unknown protein1 05 NnBLH8
NnatpE : NnCTRS5.1
NnPEBP -1.0 NnPPOA
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