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thaliana, PAt)ȁ (Oryza sativa, POs)ȁ
(Physcomitrella patens, PDI-H, M, L) ‍PDI

ұ ; 2 ѝ PDI, aȁa’ aȁbȁa’
; ȁ (Zea mays, PZm)ȁ

(Ricinus communis, PRc)ȁ (Medicago 
sativa, PMs)ȁ (Triticum aestivum, PTa)ȁ
(Hordeum vulgare, PHv) ȁӝȁ ‍

1  ӝPDI
Fig.1  The structure of PDI protein from Homo sapiens

Lu Christopher (2008) ᴐᶢ ȂSP: ᶕ ; Trx: 
; KDEL: - ᾪ - -ӑ ‟, ѝ

ᾃ ᶕ Ȃ

2  51эPDI ע

Fig.2  An unrooted phylogenetic tree based on 51 PDI-like protein sequences
Meiri (2002) ᴐᶢ Ȃ

PDI ұ3 , ὴ 5э ; Ө a
ѝ4 , PDIѐ 2 ұ ; 5

ѐ PDI D (Dб ╟ ERp28/
ERp29 C ‍ ꜛ ,(נ (Nicotiana ta-
bacum, PNt)ȁ ȁ ‍PDI; 
‍╟ PDI ұ6 , έ (a, b, b’, a’)
Ȃ

ѐ PDI, Ԉ PDI ѝᴿ, ₥
Ὠ 12 (Han 2012)ȂOsPDILs
ӱ147э⁮563эа , ‍ 16.28 kDa

⁮62.25 kDaѮ , έ ᶕ Ȃ GenBankѐ
ᶕ , ⁸╖ , 3Ȃ2005 , 

Houston   έ“------” ѝ1
PDIL, “------” ѝ2 PDIL, “---” ѝ5

PDIL, ‡12э PDILsѐ, 1 5э, 2
3э, 5 4эȂLu Christopher 

(2008) ⁸ҩ12 PDI , ԏ

Houston (2005) PDIѐ1
5э, 2 3э, 5 3эȂ

2011 , Selles  ҩ ‍ , 
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Trx (-CXXC) (Dȁ
COPIIȁJ ARMET), PDIs‍ѝ9 :  PDI-A 
(-a-)ȁPDI-B (-a-b-b’-)ȁPDI-C (-TM-a-COPII-, Ӯ

ӱᾃ ᴇ , TMѝ
)ȁPDI-D (-J--a-ARMET-, J бDnaJ‍ ט

ᵗѐ ARMET ,נ
)ȁPDI-E (-a-TM-)ȁPDI-F (-a-C-ter α-helic-, C
έ α )ȁPDI-L (-a-b-b’-a’-, ὴ

PDI )ȁPDI-M (a°-a-b-) PDI-S (a°-a-D-, D
б ╟ ERp28/ERp29 C ‍ Ȃ(נ

Selles (2011) ‍ , OsPDIL5-1ѝ
PDI-A , OsPDIL5-2 OsPDIL5-3 ѝB , OsP-
DIL5-4 ѝC , OsPDIL1-1~5 ѝL , OsP-
DIL2-3 ⁮M , OsPDIL2-1 OsPDIL2-2ѝS
( 3)Ȃ ч ‍ ᵑ ,  а ᴐ ᴳ

Ȃ

(12эPDILs )ȁ (9эPDILs
)ȁ (5эPDILs ) (3эPDILs

) ᶕ ȁ б ‍ ҂

Meir i (2002)ȁCia ff i (2006)ȁ
(2008)ȁd’Aloisio (2010) Wu (2012) Ȃ

2  PDI在植物体内的表达

Huang (2005) ӱ ѐ

‍ ҩPDIL cDNA, mRNA
Western‍ , SPPDI1 ѐ

, ὲ ὤ , 

ѐ ᴂȂLu Christopher (2008)Ԉ1
ѝ , RT-PCR PDIs ᾳ, 

AtPDI1ȁAtPDI5ȁAtPDI9ȁAtPDI12 AtPDI6
ѓ , AtPDI3ȁAtPDI4ȁAtPDI2 AtP-

DI7 ᴂ, EST ҂б У ; ᾋ 12
ᴇᾃ ᾳ, ( )

(Lu Christopher 2008)ȂHouston (2005)
ѝ PDI
ȂOndzighi (2008) ҂ ҩAtPDI5

ѐ Ȃ б ȁ

PDI ѐ У (Ciaffi 2006; 
Liu 2009)Ȃת ֶ ί PDI
Э ,  Ԉ (Sweetlove 2002; Liu

2009)Ȃ SIGnAL , ‟(microarray)
‍ , OsPDILsѐ, GA

OsPDIL1-2ȁOsPDIL1-4ȁOsPDIL5-3 OsP-
DIL5-4 Э , зOsPDIL1-2 ע ѝ ; 
ұABA , ӨOsPDIL1-1 ABA , 

Э , ὲᴍ ABA Ȃ

3  植物PDI蛋白的亚细胞定位

PDI ᾃ (ER) ᶕ , 
PDILs҂ת ᴁ ὲӹ ᴁ, 
ᴇȁ ᴇȁ ᴇȁ‍ Э(Na-
rindrasorasak 2003; Ondzighi 2008; Selles
2011)Ȃ ‍ ὁ ᴁ PDILs
ᴁ ᴇЭ, б ᴇ , б ᴇ

3  PDI
Fig.3  The structure of PDILs in rice
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(Trebitsh 2001; Levitan 2005; Lu Christo-
pher 2006)ȂLiu (2009) ҽ ᴁ

PDI ȁ ѐ , 
ў ѐ ѐ Ȃ ҂ ҩPDILs
╖ б Ȃ

4  PDI的生化功能

4.1  催化二硫键异构酶的氧化、还原与异构

PDI ѝ , ὲ ẓ3ע ע :

(ẓע ү )ȁ ( ү )ȁ
)ע -ү Ӈ Cys

) (Freedman 1994)Ȃү ᵛ

Ὥ֓Ӈ ,  
Ȃ ע ע ѐ Cu/ZnSOD, ὲCys-55
Cys-144 Ѯ ү ὲ

Ὧ ᴐ (Kaminaka 1997)Ȃ
Ἵ ᴐ ѐ УҾ , -3-
ȁ -1,6-ү , 
Уэ э-S-S-Ȃү ὡ, аӨ ӱ

Э , Ԉ

╟╒ , Ԉ ȁ

ȁ ₉ Ȃ , 
ү ֶ

, Ȃ   ү

, PDI ү

Cys , ᴳү ⁮ Ȃ

ү ұ ᴇᾃ

ᴇ

ѬȂ

PDIẓע ᾱұ э

ᴁ PDI ᴁ ע Ȃὲẓ

ע ע , GSSGү 500᷁
(Wilkinson Gilbert 2004)ȂXu (2002)Ἷ ⁮

У PDI, ὲ ẓע

ѐү ע RNase A Ȃ

Gruber (2007) ұ Old-
enlandia affinis ( ) PDI (OaPDI) б

ὯȂ ὲ

ӝPDI (hPDI) 70%ȂOnda (2011)Ἷ ⁮

OsPDIL2-3 , ѐ S-
-PDIL2-3, Уэ ᴇ, 

PDIL2-3 ᴇᵷ α- (C79F) ᴇ

‍ ү Ȃ

4.2  分子伴侣活性

ֳ , Уэ ӱ У ⁮

а ‍ ᵗט Ȃט ȁ

ȁ ᴇ ȁ ⁮ ׀ ᶢ

Ԉ ᴇ ᴇ ‍ ט

ᵗ бȂ1993 , ѐ б

Ἴ У  “ ү ‍

”ᵗט Ḯ (Wang Tsou 1993)Ȃӹԏ
а ү ṁ , ѝ ү

ȁбὲ

‍ ᵗט ᵏҩ ‎ (Cai
1994)Ȃ , Puig Gilbert (1994)ȁPrimm

(1996)҂ PDI ⁸ , 
3- ȁ ȁ

Ȃ ӭ, PDI ‍ ╖ᵗט ֳӝ Ȃ

ԏ ᴐ ₥ ҂ , ұ

ί (Methanothermobacter thermoauto-
trophicum) ү MTH-
1745, ᴇ ⁸

, έ ‍ ᵗט Ȃ MTH1745 ע

⁮ , 51 Ņ , 
ұ , ԏ MTH1745

Hsp У ╠

(Ding 2008)Ȃ ҂

PDI ‍ ᵗט ᵏҩ ȂGruber
(2007) , ⁸ (rhodanase)

ѐ ,  O a P D I ‍ ᵗט h P D I
140%ȂLu Christopher (2008) ҩᾃ

[ү (DTT)ȁ (Tm) Ѽ (β-Me)
]Ю AtPDIs ᾳ, 

(UPR)ᶕ ‍PDI Э

, Ԉ ER Ȃ PDI҂έ ‍

ᵗט Ȃ

5  PDI的生物学功能

5.1  参与调控种子萌发与发育

PDI ╖ ў ѐ б

б (Takemoto 2002; Li 2006; 
Wadahama 2007; Kamauchi 2008)ȂShimoni
(1995)ȁLi Larkins (1996) Ἴ ҩ

Җ ѐPDI бҩ Ȃ

ᴇesp2ѐ, PDIL1-1
ᾃ ѐ (Johnson
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2006)Ȃѐ ᾚ ᴐ Ъ

, PDIL1-1
ᾃ (Han 2012)Ȃ Ἵ

PCR RT-PCR‍ PDILs , 
ұ , PDIL1-1 ᴇ(T3612)ѐPDIL2-3

Э , ѝ 4᷁ ȂSatoh-Cruz (2010)
҂ PDIL1-1а ‍ ұ ᾃ , 

Җѐ, бᾃ Э ₥ᴇ

Ȃ , T3612ѐ, ҩ 57 
kDa , (prolamin) ₥ᴇproglutelin 
(Satoh-Cruz 2010; Onda 2011)Ȃ Ԉ

proglutelin , Ӈ Ȃ

‍ , PDIL1-1 б

OsCP1 ҵᴐȂPDIL1-1 ѐ

‍ ⁸ Җ , ╖

/ Ԇ Ὧ

Ὧ (Kim 2012)Ȃ
Ohdzighi (2008) AtPDI5 ᾃ

, , 
ע ӄ Ȃ Ҿ ҩPDI ὲ

ѐ ᴐ Ȃ

5.2  参与逆境响应

‍

⁸ ῏ Ӈ ѐ, ҩPDI

Ȃ ‾ RT-PCR , ӱ рѐἿ

ҩ PDI , Northern Ӈ RT-PCR‍
, ȁᾶȁABA

(Liu 2009)Ȃ ὲ ὡ ѐ, 
Ю

ᾳִұ Ȃתὲ У Ȃ

(2-DE)ȁ ╠ Ἵ

(MALDI-TOF-MS)ȁ -
ѕ (LC-ESI-MS/MS) ‍

ѐ ҩCd (Pb) Ю ᴇᾃ

‍ ᵗHSPs (HSP70ȁHSP60ט DnaKҽ )ȁ
AtCCH ( ᵗט )бPDI Э (Kumar

2011; Villiers 2011)ȂChen (2012a) ҩHg
PDI ( ѐ 26

405) Э ת , 2эЭ PDI
PDI э , ᴐ ṁ У Ȃ

ѝ PDI ѐ ᴐ , ԏ

Ԉ Ἵ PCR ҩHg2+
Ю ѐ

PDILs )ע 4)Ȃ Hg2+

OsPDIL1-1ȁOsPDIL1-3ȁOsPDIL5-1ȁOsP-
DIL5-2 OsPDIL5-3 Э , OsPDIL1-2
Ю , ὲᴍΰ OsPDILs Hg2+

а

Ȃ Ҿ PDILs Hg2+
ᴐ

а , ╖ , ҂ ֶ

4  HgCl2 GSH pre+Hg2+
Ю ѐPDILs ע

Fig.4  Gene expression of PDILs in rice under HgCl2 and GSH pre+Hg2+ treatment
Эа ᾗ (P<0.05)Ȃ
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╖ Ӈ ҵ ȂHg2+
₥

, PDILs У ,ע ҩPDILs
б Hg2+

Ȃ , ԏ MTH1745
ὡ , έ Ἵ

ע , , ӱ ҩ

Hg2+
ע ᴇᾃNPT ;׀

GSH ұ (Chen 2012b)Ȃ У

PDI ѐ ᴐ Ȃ

5.3  PDI的其他生物学活性

Huang (2005) , , 
SPPDI1 (DHA) L-

(AsA)Ȃ , , SPPDI1έ
ᴂ DHA Ȃ , NADH

, SPPDI1 έ נ

╖ ẓע AsAȂ Ҿ

, SPPDI1έ
Ȃ

6  展望

PDI У ╖ ȁע ,

ү ╖ , ᴐѝ‍ ᵗט б⁮

б ѐ, έ ᴁ , 
Ԇ ѐ ὲ ᴐ

Ȃתὲ У , ᴇᾃ

, ὡ, а PDI
, ὲ╖ ȂMeiri

(2002) ҩ ᴇ , ҩ PDI
ᴇ, ѝ У ‍⁞ эPDI ╖

ҩ Ȃ PDI ҩ

УҾ ὲת , ᶕ ╖ Ӱ︠‍ , ὲЬ
ȁ ȁ ⁸Ԉ Ӱ

Ȃ ᾃ ת ,
ὲ ᴁ ҂ У Ȃ Ӱ

╗ PDI ╖ ὡ

, Ԉ У ᴇᾃ

⁸Ȃ , ү

Ю ᴐ ὲ , 
ѝ ⁮ Ȃ
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