A2 T OB % NEBE FIRZAMAPHBEREEEOLE
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Sep. 25, 2021, 37(9): 3293-3299
DOI: 10.13345/j.cjb.210275 ©2021 Chin J Biotech, All rights reserved

- BEmEPRA -

XNEEY FEEY MEEY T2, A8 Y BALY xFE

1 HE MOl BHE K Mol AR R & E S E, s K7 410004
2 MOl B K2 RS IR A W R I R A E BB QBT A Ve e, IR K YD 410004

XIF B, FRE, MEM, 5 RZABRPEHIEREERD LS. £ T4, 2021, 37(9): 3293-3299.
Liu YN, Ying YY, Hao HW, et al. Identification of phosphatidic acid interacting proteins in Ganoderma lingzhi. Chin J Biotech,
2021, 37(9): 3293-3299.

i B RZRLEFTAHAAALAD, ZH AR Z XA RS . AT PR KIL, B A58 D (Phospholipase D, PLD) *
4 69 BEf5 B2 (Phosphatidic acid, PA) T4z ZfE&m&, AH#t—F 9 PA AR Z Z# &m0 THH, AR
Jl PA-beads ‘& %44 LC-MS/IMS # R, XX Zmiet PA A& &G, RELTE T 194 PA L% E, £
Z O FEmie €& PASO £ n BB (GL22084). 4%+ M %& @ B MAPK (GL23765). i A At A8 4m oL & @ SR K M
FaF., BEAR LK. BRAERAME., BaFFRE S B, RIFT aE GST #7%4 GL22084 #»
GL23765 & &, &M GST-pull down 523, 33ET % 2 GL22084 #» GL23765 & &1 5 PA . R4 RBTT R
Zmint PA LR E, HELMHT PLD N34 PARG S TRERZ 0RO THIEELE T Aak; FAT,
5% B0 PA ZAERZ & 4k Hedh At 69 PLD/PA 13 538 3440 X AT 5L SRS % .

D BERBRANEG, RZ, ZHAR, FOER, SMHR-S-HSBEETHEER

Received: April 7, 2021; Accepted: June 3, 2021

Supported by: National Natural Science Foundation of China (Nos. 31900027, 31772374, 32071673), China Postdoctoral Science
Foundation (No. 2020M682601), Natural Science Foundation of Hunan Province, China (No. 2020JJ5972), Science and Technology Innovation
Program of Hunan Province, China (No. 2020RC2059), Scientific Research Fund of Hunan Provincial Education Department, China (No.
18B167), Scientific Innovation Fund for Post-graduates of Central South University of Forestry and Technology, China (No. CX20202014).
Corresponding author: Gaogiang Liu. Tel/Fax: +86-731-85623486; E-mail: gaoliuedu@csuft.edu.cn

E XK HRBlHE4 (Nos. 31900027,31772374,32071673), Hh [E1H 15 Bl2: 34 (No. 2020M682601), IR A H 4RFI#3 4 (No. 20203J5972),
1/ A B DB (No. 2020RC2059) , iR & # 7 T RHA BT 5 WU H  (No. 18B167), v i Al B4 4 K2 F 7 A k£ B i <
(N0.CX20202014) ¥tHh,

[ 2% R E) . 2021-06-09 W 2% He b il https://kns.cnki.net/kcms/detail/11.1998.Q.20210609.1406.002.html



3294 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244k  Chin J Biotech

Identification of phosphatidic acid interacting proteins in
Ganoderma lingzhi

Yongnan Liu*?, Yuanyuan Yin? Hongwei Hao"?, Rui Wang"?, Zhe He'?, Renyuan Tian'? and
Gaogiang Liu*?

1 Hunan Provincial Key Laboratory of Forestry Biotechnology, Central South University of Forestry & Technology, Changsha 410004,
Hunan, China

2 International Cooperation Base of Science and Technology Innovation on Forest Resource Biotechnology of Hunan Province, Central
South University of Forestry & Technology, Changsha 410004, Hunan, China

Abstract:
bioactive medicinal components of G. lingzhi. Our previous studies have shown that phospholipid acid (PA) produced by

Ganoderma lingzhi is widely recognized as a medicinal basidiomycetes. Triterpene acids (TAs) are the key

phospholipase D (PLD) plays a regulatory role in TA synthesis. In order to further elucidate the molecular mechanism how PA
regulates TA synthesis in G. lingzhi, PA beads enrichment combined with LC-MS/MS technology was used to identify PA
interacting proteins in G. lingzhi. A total of 19 PA interacting proteins were identified, including cytochrome P450
monooxygenase (GL22084), specific protein kinase MAPK (GL23765), catalase and cell surface hydrophobicity-associated
protein. GST tagged GL22084 and GL23765 proteins were obtained through gene cloning, heterologous expression, and
purification. The interactions between GL22084/GL23765 and PA were verified by GST pull down assay. The identification of
PA interacting proteins provides a basis for further understanding the molecular mechanism how PLD-mediated PA signaling
molecules regulates the TA synthesis in G. lingzhi. Moreover, the PA interacting proteins identified in this study can also

provide clues for the research of PLD/PA signaling pathway in other species.
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F1 Tk GL22084 F1 GL23765 EEAKIGIMIE R
Table 1 Primers for cloning GL22084 and GL23765 genes

Primer name Primer sequence (5'-3")*
GL22084-F AATCGGATCTGGTTCCGCGTggatccATGTCCTCTGCTCGTGTTTGG
GL22084-R GGCCGCTCGAGTCGACCCGGQaattcCTAATTGGTATCGTATCGAAGA
GL23765-F AATCGGATCTGGTTCCGCGTggatccATGGCGACCGTGACCCCCG
GL23765-R GGCCGCTCGAGTCGACCCGGgaattcCTAGAACGTCGACGCCCACGCC

*The large and small letters in italics of each primer are homologous DNA sequences and restriction sites, respectively.
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Table 2 Identification of PA interacting proteins by mass spectrometry
Protein Description Amir.10 acid Prote_in molecular
accession residues weight (kDa)
GL29943-R1_1 Translation elongation factor 1101 119.4
GL26723-R1_1 Pre-rRNA-processing protein 307 34
GL30114-R1_1 Phosphopyruvate hydratase 442 46.9
GL25415-R1_1 Phosphatidate cytidylyltransferase 471 51.4
GL22084-R1_1 Cytochrome P450 monooxygenase 341 37.7
GL20732-R1_1 Glyoxaloxidase 230 24.9
GL23765-R1_1  Specificity protein kinase, mitogen-activated protein kinase 462 50.7
GL25601-R1_1  B-D-glucanases, glycoside hydrolase family 16 protein (GH16) 387 40.6
GL17383-R1_1 Cell surface hydrophobicity-associated protein 273 30.5
GL22189-R1_1 Catalase 532 59.4
GL22047-R1_1 Carbohydrate-binding protein, ricin family protein 139 15.8
GL30174-R1_1 Aldehyde dehydrogenase 526 57.7
GL31438-R1_1 40S ribosomal protein S7 196 22.3
GL25761-R1_1  40S ribosomal protein S5 215 23.8
GL19949-R1_1  40S ribosomal protein S2 305 33
GL17407-R1_1 Hypothetical protein 517 56.1
GL17187-R1_1 Hypothetical protein 800 87.5
GL15423-R1_1 Hypothetical protein 381 41.9
GL16183-R1_1 Hypothetical protein 372 40.4
A C
a2 a3 ad M bl b2 b3 b4 kDa
70
PA-beads
35 anti-GST
B
kDa M bl b2 b3 b4
94
Input
60 anti-GST
35
45 l , 25

AV, L : = =

1 GST-pull down BHEF AN E R GL23765 1 GL22084 5 PA E{E
Fig. 1 Verification of interactions between two proteins GL23765 and GL22084 to PA by GST-pull down. (A)
GL23765 (lanes a2—-a4) and GL22084 (lanes b2-b4) were successfully induced to express. Lanes al and bl were
pre-induced proteins. (B) After purification, GL23765 (lanes al-a4) and GL22084 (lanes b1-b4) proteins were obtained.
(C) The purified GL23765 and GL22084 proteins were incubated with PA beads, eluted and the obtained proteins was
analyzed by Western blotting with GST antibody. GL23765 and GL22084 proteins not incubated with PA beads were set
as parallel control (input), and GST protein was used as a negative control.
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