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Clone and expression of anthranilate synthase gene from
Tolypocladium guangdongense under differential experimental
conditions
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Abstract: [Background] Anthranilate synthase, one common enzyme in plants and microbes, is involved
in the biosynthesis of tryptophan and auxin, and plays an important role in growth and development,
together with the response to multiple stresses. Tolypocladium guangdongense is a new cordyceps resource
only found in South China, and has a great exploitation value. [Objective] Dissect the gene features of
TetrpE, and explore the expression pattern of TgtrpE at differential developmental stages and temperature
stress conditions in 7. guangdongense. [Methods] The coding sequences of TgtrpE were cloned from
T. guangdongense and used for bioinformatic and phylogenetic analysis. Real-time fluorescence
quantitative PCR (RT-qPCR) was performed to analyze the expression pattern of TgtrpE under differential
developmental stages and temperature stresses. [Results] The sizes of TgtrpE were 1 613 bp (DNA) and
1 563 bp (cDNA) in length, respectively. It encodes 521 amino acids with a molecular weight approximate
of 56.86 kD. The phylogeny result showed that the TgTrpE protein of 7. guangdongense was clustered into
one clade with those of ascomycetes fungi, and had a higher similarity with Tolypocladium paradoxum and
Tolypocladium capitatum. RT-qPCR results showed that compared to the mycelial stage, TgtrpE was
significantly up-regulated at primordium and young fruiting body stages, whereas TetrpE showed a clear
downregulation expression at mature fruiting body stage and in the response process of cold and heat
stresses. [Conclusion] 7gtrpE may play an important role in the processes of primordium formation,
fruiting body development and temperature stresses.

Keywords: TA clone, growth and development, temperature stress, differential expression
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Figure 1 The developing fruiting body of Tolypocladium
guangdongense (A) and mature fruiting body of Tolypocladium
guangdongense (B)
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Figure 2 Biosynthesis pathway of tryptophan and IAA in 7. guangdongense"
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DA77 L HL DNA Jfiiti, I H PrimeSTAR HS
DNA Polymerase i#41T TgtrpE F- Bt PCR 47151,
PCR Wi 45F: 95 °C 3 min; 95 °C 40 s, 58 °C
40's, 72 °C 1 min, 3£ 35 &K{fFF; 72 °C 10 min.
P15/ PCR IS 7 HL TR I K [mTii .
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Table 1 Primers used in this study
Primers name Primers sequence (5'—3")
trpE-F ATGGTCCCGTCGCTCGAG
trpE-R CTATTGCGCCGCCTTGGCC
qtrpE-F CGTACCTCTTCTACGTCAACTG
qtrpE-R AACTTCTCGACGACCATGAG
H4-F GTGACAACATCCAGGGTATC
H4-R TCGAGGAAGGTCTTGAGAA

PIJTARHEL ¢cDNA At , FIH] PrimeSTAR
HS DNA Polymerase #171 TgtrpE JBif) PCR 4"
P PCR N AERLE, PR PCR =4k
AT FELDRASHIN B TmTUAC

BN PCR 7=9i%E A pMD20-T #ifk, F44k
E. coli DH50. J&3Z 254Nl
1.5 TgtrpE £ EEF S

FIFAFEL A GSDS #5475 R S5 #4347 5
& BITEZR A ExPASy X 25 HL 3 LA K 4T ilb A 71
MAHES SRIFELR S TMHMM . #E4 78 5
PSR 404 5 L RS KA SignalP 5.0 X5 5
BRI T 0 4345 i FHAEZREKF PredictProtein 11
Phyre2 #4728 [ ZREE TN 4347 ; M\ NCBI £itdis
PR N RO AW BARNER TrpE 25751,
7 EMBL-EBI WMufi Fit47 Z 90 e, If AT
MEGA 7.0 [ KU % (Maximum Likehood, ML)
WERG L TR,
1.6 TgtrpE BEFHHH

AR LR LB R 3k AS TetrpE L
X (1.5 k)P4, TELIH ZRAZ X IR AE 4%
JC A B9 Fh 2 F %L & (http://bioinformatics.psb.ugent.
be/webtools/plantcare/html/ )[20] o
1.7 TgtrpE EAREFHTHIRIES R

BT R MR IR R R = CYM B R
b, EEERE SR 20 d JEURAE T AR IR TE R 22
(Mycelia) R Z2FE 5, BEEHLHZROER(10 h 6
HE. 14 h BEGAkSLE 55, U TR LT B
(Primordia, KJE# 6 mm). % 324K H (Young
Fruiting Bodies, %) 1-2 cm). M2 (Mature
Fruiting Bodies, 1KEEKT 5 om HERTREEE) % |
BT (17 °C 1 30 °C AbHE 24 h) B 22 173214
FEAREY, TR R, T80 °C fA7. [Al 1248
I RNA, s cDNA, K AceQ™ gPCR
SYBR Green Master Mix (Vazyme)7E QuantStudio 6
Flex SZM2E)EE # PCR &4t FilkfT RT-qPCR, £
W TgtrpE ] 7R B[R] B I AN [) 3 2 Ak
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PR AT AR . UL Histoned (HANWE R NS I
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BRI2100 SR 2724 D5t o i R AR O ek i
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2 FRH55M
2.1 TgtrpE 7%
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Sl Y8 TewrpE B 4 K Fl 4 5 J¥ 51 (Coding
Sequence, CDS)JfFilfi. 1%HBENC LIRSS R TR,
DNA (& 3A)#1 cDNA (¥l 3B)f4 % 7% PCR 14 7 1)
KEEZ 1500 bp, SHUMK/N—F, MIFss
7%, DNA Fl cDNA ) PCR §" 3 =44 4331 My
1 613 bp 1 1 563 bp, H5ZFHFF|5E I,
TgirpE W CDS wifEE), SERA NS,
K 61 bp (K 4A).
22 EMERFESH

I A — R R TgorpE 1) CDS %
521 MEIER, HEAFRA/NA 56.86 kD, 5
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FEI) A — AT A Chorismate bind 2543, 435
J&F Anth_synt I N superfamily 1 Chorismate_bind

A B
bp M 1 2 bp

2000

1 000
750

500
250
100

3 IRBEHERERR Ik AR

Figure 3 Analysis of agarose gel electrophoresis

superfamily (Kl 4A), “HEZEMTNES R BN, %
BEEA 244> o BHER 45 1> B 1S, BREE5 I
WA R B, ZE A HAT B AS (5] 4B).
A IR R R, ZE N I SR(E 40).
23 TegTrpE EBRFAE RN

RO EM R TR B 5 ALY Rl ok
U8 TrpE S FIMREOCHR, KRR AL T I . M
PIRNATE 3 Aor3C, BB SCT o3 TR MIH
TH 2 D3 (E 5A). [T AR EE TR 4>
%, S5 FEHE (Tolypocladium paradoxum)Fk
IR 8 (Tolypocladium capitatum) . BAARGHE
(Metarhizium robertsii) 4 K R, J¥4)—5PE
G0k 94.75% . 90.57% 1 91.83%; 5 if HL K
(Cordyceps militaris) F1 42 Tii “¢ it T (Morchella
conica) RAWZ , 7 HIHA 85.03%7H1 74.08%I1 ¥
=Bk o TR R 5 RIGATF I (Escherichia coli)
PRGRARIL, JPol—2EN 43.83%, HRIEH
YA FE IT (Arabidopsis thaliana), Wi ) F5—2
PEH 45.90% . SE4R 2 5L 28 YR A il ST 45 A d5§
(127 MEBERR) F (B 5B), H LKL HE .
S HEAA 2 3 ADEIERN2Z R, HEMAR
SHEEA 11 ADEIERAE

M 1

2 3 M4 5 6 7 8

1: A: DNA AT 1 ; B: cDNA HBAMR#FTY 1, M: DNA Marker; 1-3: TgtrpE (DNA)PHIEVEME TS s 4-8: TatrpE (cDNA)

PR s T

Note: A: Amplification using DNA as template; B: Amplification using cDNA as template. M: DNA Marker; 1-3: TgtrpE (DNA) positive

colony; 4—8: TgtrpE (cDNA) positive colony
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Figure 4 Bioinformatic analysis of TgTrpE amino acid sequence

W A EEERITII RS B: BABESHERIN; C: 5K, Anth_synt I N: £P2FRF RSN
Note: A: Conservative domain analysis of amino acid sequence; B: Prediction of protein transmembrane domain; C: Signal peptide
prediction. Anth_synt I N: N-terminal of anthranilate synthase
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Tree scale: 0.01 =~ 0.01 0.02 Tolypocladium paradoxum (POR38132)
0.02 0.03 Tolypocladium capitatum (PNY20467)
0.04 0.04 Tolypocladium guangdongense (MT912080)
0.09 0.05 Metarhizium robertsii (KID95727)
0.07 Cordyceps militaris (ATY63194)
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. * Hypsizygus marmoreus (RDB24206)
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Figure 5 Phylogenetic tree analysis (A) and homologous amino acid sequence alignment (B) of TrpE in Tolypocladium

guangdongense

W IHMER EEUE IR KB, FORUEEIEE . T guangdon: | ZRMUEL; T capitatu: SSRIEL; T paradoxu: WG W RE;
M_robertsi: FMAKEGER; C_militari: WiHE; M conica: RINFEMH; N_crassa: FARENKMEE; F_oxysporu: JRFEIHEIITR

Note: The value on the phylogenetic tree is the branch length, which represents evolutionary distance. T guangdon: 7. guangdongense;
T capitatu: 7. capitatum; T paradoxu: T. paradoxum; M_robertsi: Metarhizum robertsii; C_militari: C. militaris; M_conica: Morchella

conica; N_crassa: Neurospora crassa; F_oxysporu: Fusarium oxysporum
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Table 2 Cis-acting elements in the promoter region of 7gtrpE in T. guangdongense

Element name Core sequence  Position (bp)

Number Function

ABRE ACGTG —149, =170, —321, 468 4 Cis-acting element involved in the abscisic acid
responsiveness

ACE GCGACGTACC —146 1 Cis-acting element involved in light responsiveness

CAAT-box CAAAT —974,-919,-920, -1 442 4 Common cis-acting element in promoter and enhancer
regions

CCGTCC motif CCGTCC —1355, —898 2 Cis-acting element of methyl jasmonate responsiveness

CGTCA motif CGTCA —823 1 Cis-acting regulatory element involved in the
MeJA-responsiveness

DRE core GCCGAC -374 1 Cis-acting elements involved in drought responsiveness

G-box CACGTC -1126 1 Cis-acting regulatory element involved in light
responsiveness

Spl GGGCGG —488, —89 2 Light responsive element

TGA-element AACGAC —464 1 Auxin-responsive element

TGACG-motif TGACG —1 468, —785 2 Cis-acting regulatory element involved in the
MeJA-responsiveness

MYB CAACCA —352 1 Unknow

MYB recognition sitt CCGTTG —692 1 Unknow

OCT CGCGGATC —269 1 Unknow

STRE AGGGG =71,-1 097, —534 3 Unknow

Box s AGCCACC =774, 815 2 Unknow

MY R AR B VE IR . REm R . KA 0r

Mg A KR W A e, o, AiE)De 20 |

R W oG 44, TRm R IoE 1A, Ehaa A e
PEICE LA, R W OTOE LA, BT R A L
T 44>, MYB FSERFmRNICH 14>, SKFR
B R b e 3 4, AR KRR ot 14,
2.5 TgtrpE A R4 BREFLRE TRRIEDH

VA TetrpE TERE M) FRE XTI, s
HEREFHABRMOHEDN, TerpE MFRIBTEEMeE L
PAJE T A s 7R TR R A (P) RN 4 S R
(YFB), TgtrpkE WiFikmZ A L, R MIEH
¥ fEMET LA (MEB), HZki0E i,
TR

PIFERE 23 °C T TetrpE TEH 2 (M) 3
INEEAXT IR, X AR BT 22 LAV BB 17 °C
(CT)FIHIE 30 °C (HT), TetrpE [HFERIH] G
T, £ TeopE (K51 A N X — i
R SR (B 6).

Relative expression level
-
w
|
1

0.5

0.0

M P YFB MFB CT HT

6 TgupETE] FHEARRE AR BN KEEMHETH
Rk

Figure 6 Relative expression levels of TgtrpE at different
developmental stages and stress in 7. guangdongense

T M: W25 P JFULI; YFB: 49Nk MFB:
TR CT: ¥ ih; HT: il

Note: M: Mycelial stage; P: Primordial stage; YFB: Young fruiting
body stage; MFB: Mature fruiting body stage; CT: Cold
temperature; HT: Heat temperature
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