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Abstract: Thioredoxins are a class of redox regulatory proteins widely present in plants, which play
crucial roles in plant growth and development. To investigate the biological functions of the wheat thi-
oredoxin TaTrxhl0, we systematically analyzed its sequence characteristics, three-dimensional struc-
ture, and gene expression patterns. The protein was expressed in a prokaryotic system, and its disul-
fide bond reduction activity was validated in vitro. Sequence analysis revealed that wheat TaTrxh10
comprises three family members encoded by three homoeologous genes: TaTrxhl10-A , TaTlrxhl0-B ,
and TaTrxh10-D. All three TaTrxh10 family members consist of 143 amino acids, with a sequence i-
dentity of 94. 4%, and contain the classic thioredoxin conserved domain and catalytic active center
(WCGPC). Protein structural analysis demonstrated that TaTrxh10 can fold into a sandwich-like spa-
tial structure composed of five 3-sheets and four a-helices. Gene expression analysis indicated that the
three homoeologous genes of TaTrxhl0 are expressed at very low levels in roots, stems, and leaves,

and at relatively lower levels in the ovary and mature seeds; however, they are highly expressed in

Yo B 31 :2025-02-24 & 1a] {9 :2025-05-18
ES£MA 4 ERFHE LI (241100110300

% —1E& E-mail: 1781750763@qq. com (fEHi %)
B {E & E-mail:yongchunli71 @henau. edu. cn (Z£K )



55 10

RS NERAREMA TaTrxhl0 B9 EE K IF P % & ¢ 1325

mature pollens. The thioredoxin reduction activity assay using DTNB demonstrated that all three

family members of TaTrxhl10 possess the ability to catalyze disulfide bond reduction, but their reduc-

tion activities varied among the members. In reaction systems with lower thioredoxin concentrations,

TaTrxh10-D exhibited the highest catalytic activity. followed by TaTrxh10-B. These results indicate

that wheat TaTrxhl0 represents a class of active redox regulatory proteins specifically expressed in

pollen, which provides important insights for further exploration of redox-dependent developmental

regulatory mechanisms in wheat.
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TaTrxh10-A MGCCGSNPVDEEEHLDYSSGNVTLITDLKSWEKKLEDATDANKTLVVKFSAWCGPCRIAAPAYSELSLKHSDLVFVSVD 80
TaTrxh10-B MGCCGSNPVDEEEHLDYSSGNVTLITDLKSWEKKVEDAADANKTLVVKFSAWWCGPCRIAAPTYAELSLKHSDLVFVSVD 80
TaTrxh10-D MGCCGSNPVDEEEHLDYSSGNVTLITDLKSWEKKVEDATDANKTLVVKFSAWCGPCRIAAPTYAELSLKHSDLVFVSVD 80

bl al b2 Pt a2 b3
14LA7 55 Catalytic residues

90 100 110 120 130 140
TaTrxh10-A VDELPELVTQFDVRATPTFIFLRDNKEIDKLVGGNQVDLQQKFEPYCRPGDEVMSKQSFEDKT 143
TaTrxh10-B VDELPELVTQFDVRATPTFIFLRDKEEIDKLVGGNQADLQQKFEPYCRPGDDVMSKQSFEDKT 143
TaTrxh10-D VDELPELVTEFEVRATPTFIFLRDKKEIDKMVGGNQADLQQKFEPYCRPGDEVMSKQSFEDKT 143
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B
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Active center

A/ TaTrxh10 (#4977 51 X B AR SFIRAM T 50l ~ad s ARFR 4 A o BRBE XI5 b1~ b5 A3 5 A~ B 75 DX Il 5 1 1 b FT AT B HE b 1
PEAL TGP AL 5 kAR TE . B: /N TaTrxh10 09 =4E454 T .

A Sequence alignment and conserved domain analysis of wheatTaTrxh10; al —a4: four a-helix regions; bl —b5: five B-sheet re-
gions. The active center is highlighted with a red box, and the catalytic residues are marked with an arrow. B: 3-D structure prediction
of TaTrxhl0 in wheat.
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Fig. 1 Sequence characterization of thioredoxin TaTrxh10 in wheat
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Ro LB LS St FB FS Pe SO An Gr Pm Le Zy Pa Di MI MII Po An LB
REH L Defferent tissues AFE 4L Defferent tissues

ARFEHL N TaTrxh10 FF 1Y FE ;Ro: MR F ; LB: =i A 5 LS. = i i85 5 St PO 91 25 4F s FB E i (9 1 J 5 FS. HE it 19 ot
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A: Expression of TaTrxhl0 genes in different wheat tissues; Ro: Root; LB: Third leaf blade; LS: Third leaf sheath; St: Stem at
the flag leaf stage; FB: Flag leaf blade; FS: Flag leaf sheath; Pe: Peduncle; SO: Stigma and ovary; An: Anther at the anthesis stage;
Gr: Maturing grain. B: Expression of TaTrxhl0 genes in developing and mature pollens; Pm: Pre-meiotic G2 stage; Le: Leptotene; Zy:
Zygotene; Pa: Pachytene; Di: Diplotene; MI: Metaphase-I; MII: Metaphase-11; Po: Mature pollen; An: Indehiscent anther; LB: Leaf
blade of the penultimate leaf.
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Fig. 2 Expression patterns of TaTrxhl0 genes in wheat
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A TaTrxhl10-A TaTrxhl10-B  TaTrxhl0-D

2 000 bp
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12345678

A:TaTrxh10 £ By 5B : M: DL2000; F: PCR ¥ 84, #), B: EA s MM PCR ¥ . 1—8. HA MR, C: FIRRBHEAMEK
M Marker: 25 FH 7 F 5 b5 i s GST: 84k pGEX-4T-2 1915 F &K H ; GST-A.GST-B 1 GST-D 43514 pGEX-A . pGEX-B #1 pGEX-D
MM ERREEN . D: diLERA R ORI, BT H AR %R A8 F# AR,

A: Cloning of TaTrxhl0 gene fragment; M. DL2000; F: PCR products. B: PCR identification of recombinant clones; 1—8: Re-

combinant clones. C: Detection of induced proteins: Marker: Protein marker; GST: Induced proteins of pGEX-4T-2 vector; GST-A,

GST-B, and GST-D represent the induced proteins of pGEX-A, pGEX-B, and pGEX-D recombinant vectors, respectively. D: Detection

of the purified recombinant proteins. The target bands are indicated by arrows.
B 3 /NETaTrxh10 EERREMEZRIE
Fig. 3 Cloning and prokaryotic expression of the wheat TaTrxh10 genes
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Fig. 4 Catalytic activity analysis of wheat thioredoxin TaTrxh10
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