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Research Progress of Plant Cyclophilin Gene Functions
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Abstract ; Cyclophilins (CyPs), members of the ‘immunophilin’ protein family, have peptidyl-prolylcis-

trans isomerase activity and widely distribute in different organisms. They are highly conserved in protein

structure and expressed in cytosol and various organelles. Plant CyPs are supper-family members and play

significant roles in stress response, metabolic regulation and plant development besides their common func-

tions. This review summarizes the functions and recent research progress of plant CyPs and aims to help

their further characterization in the future.
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The reported cyclophilins and their functions in Arabidopsis thaliana

HL N 4 Fr

Gene

HE A

Gene locus

7 246 M0 5E oL

Subcellular localization

LN e

Function

2% ik

Reference

AtCYP18-3(ROC1)

AtCYP18-4(ROCS)

AtCYP19-1(ROC3)

AtCYP19-2

AtCYP19-3(ROC2)

AtCYP19-4

AtCYP20-1(ROCT)

AtCYP20-2

AtCYP20-3(ROC4)

AtCYP21-3

AtCYP21-4

AtCYP38

AtCYP40

AtCYP57

AtCYP59

AtCYP65

AtCYP71

At4g38740

At4g34870

At2g16600

At2g21130

At2g56070

At2g29960

At5g58710

At5g13120

At3g62030

At2g17320

At3g66654

At3g01480

At2g15790

Atdg33060

Atlg53720

At5g67530

At3g44600

-4 4& Chloroplast

A JFi Cytoplasm

A Fi Cytoplasm

A fFi Cytoplasm

40 M1 Cytoplasm

PR ER s R K A

Golgi apparatus

N ER

-4 4& Chloroplast

-4 44 Chloroplast

WL Vacuole
2 ki /& Mitochondria

4 4& Chloroplast
ki /& Mitochondria

-4 {A& Chloroplast

A i Cytoplasm

M A% Nucleus

M 4% Nucleus

M 4% Nucleus

A 5 Cytoplasm

EjHYE AT VirD2 LT A B S B AvRpt2 B g DL KA
Y RINA B HER] 2 500 3 3 28 R BRdb 32 DL ROt %
155 5 Interacting with A. tume fasciens VirD2 protein,
P. syringae AvRpt2 protease and the plant RIN4 protein; in-
volved in hormone (brassinosteroid) regulation

i) )37 6 B8 R 36 %7 25 Responding to light stress

2 5 0 Y00 B0 20 1 0 A 1% 937 A 5267 5 1 187 Y BB 38 Involved
in plant defense response against P. syringae; responded to
light stress

AE 5 £ A IR B 38 R B4 38 %35 Induced under high salt stress

and low temperature stress

S UM N S CaMAH LA 5 w8z 6 BB 38 B 25 Interac-
ting with intracellular calcium protein CaM; responding to light
stress

T o 9 L IS AT R A e I GNOM 2 5 4 ¥ 328 iy In-
volved in vesicle trafficking by modulating the function of gua-
nine nucleotide exchange factor GNOM

2 55 1% % B 05 P B9 98 95 Involved in protein phosphatase 2A
(PP2A) regulation

5 NAD(P) H [ S [ie 5 & W% 1 51 BZR1 3 I # 478
ﬂﬁMlﬂl A8 IF 48 #E X Involved in NAD(P) H dLhydrogLnasL
complex formation; causing conformational change in brazzi-
nazole-resistant ( BZR1) protein (thereby altering flowering
pattern)

6 A AL JEAF 5 % 422 30 e ok 208 2 W 5 AR g R L 5
SAT](ﬁf%ﬁ@&f«lﬁ%/*ﬁi@ﬁ)ﬁ%;%L—J%%ﬁﬁﬁ{é{%iﬁj% Link-
ing light and redox signals to cysteine biosynthesis and stress
response, interacting with SAT1 (essential enzyme in cysteine
biosynthesis) ; involved in jasmonate signaling

2 55 98 45 BORL R 1) 30 37 1 I 76 08 50 R T M 40 i BB T bl G
#4E H Involved in the permeability transition pore of mito-
chondria and playing a crucial role in necrotic and apoptotic cell
death

2 55 8 5 SORL A 1 3T 37 P I 76 R BT R T M 20 O BE T bR 3G
#4E H Involved in the permeability transition pore of mito-
chondria and playing a crucial role in necrotic and apoptotic cell
death

Z 508 R 1 BYE G YRR G ¥ 00 3 B A0 fn T ; PPT-
ase [ 1| Involved in assembly and maintenance of PS][ and
oxygen evolving complexes; PPlase auto-inhibition

2 5 20 8 IR K B SE R T ER , HSP9O A |y RISC
A, 1 Tombus %K i & il Bl 41 2% Involved in vegetative
shoot maturation; post-translational gene silencing; HSP90-
mediated RISC assembly; inhibition of Tombus virus
replicase assembly

Z 5 R T 7 B M A B A SBE Involved in plant defense

response against P. syringae

W5 AR AR (SR B 1 A1 RNA R4 85 11 /9 H 5 AEH =
5% 5% 1 premRNA 1 T. Involved in transcription and pre-
mRNA processing via interaction with serine/arginine-rich(SR)
proteins and RNA polymerase [[

L7 £ #E A BEAEH Interacting with ubiquitin ligase
SHBRERE, FNBELFRIUR, fARAXMAEH H,

& Hfii Involved in organogenesis, epigenetic gene silencing,
chromatin assembly and histone H; modification

[21-24]

[9]

[9,23]

[16]

[49,9]

[30]

[27]

[13-14]

[6,25-26]

[15]

[15]

[11-12,19-20]

[18]

[28]

[29]

[10]
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S A L R TE TR (ABA) {5 S . BTk

Z %t PPlase Ll M %54 CsA b

HEEFEME L, OsCYP21-4 R H A PPlase 3 1.
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OsCYP21-4
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b AR U0 4 T L) AT R AS B . R RE R A
3k Ak P Tl O T R HEAE

OsCYP2 A& g 45 il 335 1 5 (ROS) 7K - g 5 ik 4
R T 7E B L A0 AR AR R PO A T R
FEELEEMNMEM . Ruan Z5 B9 £ OsCYP2
A DLR ¥ BT A A 00 5 M 452 ) ROS 197K F ., Os-
CYP2 RikZ 4 WiaifkS, BeAdEwmehmay. 5oh.
OsCYP2 Al GE7E A W38 TR AR R G s 50 2 5 15
53l . G0 PEG,#VE % R ABA 48, OsCYP2
8 22 3 e i TR R e v S0k iR 9 M i 1 T R T A SR Ak
YIREAR , I . 22 3 30 1id 32 1 386 s 7 s AR b an R Al
PR FEAR A FEBAR K AR R RN . Kumari
SEUCRIEGY K AR K W AT TR RN R R R Gk OsC-
YP2 fig 38 i xR B L i L B S AR T 38 Y Tt
Z

Lee 25050 i 58 2 B OsCYP18-2 16 /K F vh i
K B 06 1 SR it S O Bl A T R A T U A A G
FER I FE A premRNA 5 28858, T 2 ML
SEE BB S OsCYP18-2 Fl ' 58 ¥ A 7 3
OsSKIP 71k, OsSKIP 5 OsCYP18-2 454 53
OsCYP18-2 M 41 Jifd Jit 7% #% %) 40 i 4% = 5 8 4% B iy
30 AH G HE PR 5 53 L O BB 1 AR A X T SR b 3E Y
Z

OsCYP19-4 32 ZFh 8 755 , A0 b 3 25 0%
OsCYP19-4 JA 8 Pl £k B 10 5L F. OsC-
YP19-4 HLAT R k-l 22 BE- 0 fz =X 5 440 i 0% o, o 3%

ik OsCYP19-4 7K A5 A8 ¥ (14 1 v 1k 38 58 o [ s 43 B
BB AL 25 1 n, R A AT 5 OsCYP19-4 38 5
i vk A B 4R v AR W i T T . BUR OsCY P19~
4 ¥4 PPlase 5, {H Lee 208 i £ X 2% 32 F01
BiFC %5 5 1 3F 52 78 1% 16 4% 1 Lk 8 0k 8 42 7= F
1) OsCYP19-4 AS 5 ¥y 1& G4 Fl AtRCN1 (4 h5 1
A EE B TR T 110 IV 366 ) A 285 5 1 0 K R T FE

i FRERE OsCYP20-2 J& H A7 PPlase {if 14
(2R PR 28 BE TR R 4 s A R R0 UL R T B B 3 g T .
8 % 35 1% 5 PR R 3 5 R o TR R R R 40 T o T
b JBiR 36 149 B 3 AR R DL B B8 Y BE 5. Trive-
di ZE0F 5% & B8 OsCYP25 Wi 3 22 i 30 1% %% . HL7E
kR IR AT R Rk B R . OsC-
YP1 Wi R e & o360V - A8 0% 10 i % 9 5 B B o 7
&M B A& N2 5 KREER LT .

BTN KB EARERS 5ERKRERFY
i B . Kang 9 iF5E Z B OsCYP2 fE R4 F
AR S 528K K R 2R 100 B A 76 7K RS AR 1 A
it R R E R EAE . Oscyp2 RAZKRF I R
KRR FEREAZMAEREMEEREE
LAY, FERE WU A S pull-down 52 55 HiE ] OsC-
YP2 7] L5 34y 7 fE4E SKPL B G2 257 30 il 1
OsSGT1 HEHLE 4, %W OsCYP2 it 5 OsSGT1
MEESSAERKZES KO R, WA R k8
OsCYP19-4 54 K Z e as A 5, 4 45 1% 1 1 3 v 7
LR FIARET

x2 EBREMKEEHRERHIIEE

Table 2 The reported cyclophilins and their functions in rice

B S p S HE [ R 7 240 Jf 52 o7 R K T he 225 30k
Gene Gene locus  Subcellular localization Function Reference
- ~ < Wi 17 7 k0 36 197 25 o 00+ 5 % B9 (14 2 K Responding to high
N . o % S
OsCYP-1 LOC_0s01g02080 -4k Chloroplast salt stress, inhibiting the formation of rice blast fungus growth [41]
254 RIS U IR MR 2 I i i ROS 35 B3
KRR T T 5 A L O M T R R v R RS R B &
30 57 PE Involved in auxin regulatory signal mechanism,
OsCYP-2 LOC_0s02g02890 #4Jifs fi Cytoplasm regulate of lateral root growth; Increasing salt tolerance of rice [ 33-35,42]
seedlings by ROS removal; increaseing the multiple stress tol-
erance of tobacco, E. coli and S. cerevisiae after overex-
pressed
VA AR G BT Wy 20 DR A B S, B oA T 5 a0 ik sz v
OsCYP18-2  LOC_Os08g44520  #fi iy jii Cytoplasm Regulating the transcription of stress-resistance genes, and in- [36]
creasing the tolerance of plants to drought stress
- _ <08 o404 TN Sk £ EH L, X% W iE B3 m R Involved in auxin -
OsCYP19-4 LOC_Os06g49470 43 ¥ (Ji£) Lumen transportion, and significantly responding to cold stress [37-38]
- . - . 2 L5 45 08 R UL R ST W 3 T 32 % Involved in regulation of
. _ o e . Z>
OsCYP20-2 LOC_0s05g01270 -4k {k Chloroplast tobacco and Arabidopsis stress tolerance [39]
Z: 5 I SO 35 M A I IR T e B 22 FBR 3 Involved in
OsCYP21-4  LOC_0Os07g29390 ik Mitochondria regulation of mitochondrial permeability, apoptosis, respon- [32]
ding to a variety of stress
VECH RN Res : ol temberature ¢ -
OsCYP-25  LOC_0s09¢39780 43 () Lumen " 1 5 3% % H B3 Responding to high temperature and high [40]

salt stress
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7P TLPA0 & A (R 1) PPlase 2544 B 245 & 0
i Tty 45 Mg W AR

Fhid 5 OsCYP2 f Ml 19 LeCYPL J& T 40
ME R R R, S 5 RE AR RE SR 2
WY AERKEF . Lecypl RAFRF I £ Fh
KR AR, A0 355 6] M 07 25 08 2% | o 2 AR
T o I 4 ARG A4 & 78 S D R s A AT

Kaur 20 93 E B /N £ R ZE TaCYPA-1 A
4 PPlase 11, TaCYPA-1 335 R85 34 38 K #F 18
iiif $AHE (R LA AL B AT R g . TaCYPA-1 &5
AtCYP19-3 9 J7 51 M AL i 72. 67 %6, 0] L) 45 45 3
W CaM % 2B 45 B 148 M AR BAE S,
b NZEEWRE TaCYPB 2 5EARMIT & 5%
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5 TPR 45 #4358k (1 S04k 8 JF 6 26 1 3 SR s 1 5
RNA REH I 45 A RE R i, kA/hE
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CsCYP-1 HA & EE 450 Fn e 50 A el pE R B 5
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P RS R C-CyP A3 90 B B 1 . B0 1 B
R LA AR K FEAR B TP AR AE R IR R AAC-
YP fE % 5m uf e Rk A R o & b MR
Kinoshita 28 55 % B VeCYP 2 5 & 040 il i
B 480 S N . B CaCyP1 75 B 24 4 AR L 25 i T A
WAL H Z W R E A F . Kanakala %57 &
PLAH B S PR R NeCYPB B A7 1 i 8 0 45 it o 7%
TYLCV E4E M 1E . TYLCV 2 Bk 5 3 . % &
il A At TRV P 3 ™ o 45 3 . NtCYPB 7EH 4)
R FEiE R o AE TYLCV (4 %% 5 80 =8 T 5 3k
TYLCV {5 38 />, b I A BIF 58 4 78 9 it sk 32 {1t
Fen,

A, 2 H AL BOK RN RS S ME G
PR, 5 StCyP X H 3L 56 F 2 fig (Me] A) Al
ABA Fma fi . FL7E ABA FEFF & & 9 0m- .
TEMA B h k48 GiICyP-1 R M Z h& %
(GA3) . WM Z B (TAA) FI E R E (ZD) 55
P KRR E RPN ThCYPL % ABA £ 53
T) AR

Mainali 250 % R G B R KR EE T T 4
FERAH 0 e T 62 A KGR R (Gm-
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Wb A ek, e & B oL B R CE b RGO
T E A N A S R, EAR MK E RSN R
mRNA HURA B E 27 B RkARARE. &R
R ERFEHRE mRNA G0 K TR £
AL, AT, FoREA K mRNA FUE B I
) BG5S R E A W aE T E P AR . 2 3 A
16 T O R Y Al A W ok A R KO T Re .

4 g H

W) 26 30 2R BA 2 R 20 i 2 A M RE L B T
ZHEARNS RS & A0 T8 % % PPL-
ase Wi S 5 PR 1 DNA FEAR LR AR 85 8 1 B
f4 38 38 38 2 5 AL b i S R O OR 37 R AR L O T
P AEW R R R IR A I T 38 R AR ER
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Table 3 Other reported plant cyclophilins and their functions
KW E K ) BRIl 2% SCHk
Cyclophilin Source species Function Reference
Betv7 MEM Betula verrucosa — AP E K i R A pollen allergen [58]
Catr 1 CYP K #H A6 Catharanthus roseus —FpAE K o 5 A pollen allergen [57]
Z 500 7 G 1R 50 1 28 1 9 AR Al A% 3% 1 A0 2 il OC Bk 2R 1 B o TR
A6, It 5 H A RN s i KL %2 A 5 Involved in the regulatlon of photo-
TLP40 W3 Spinacia oleracea L. system [[ -specific protein phosphatase activity, involved in the regula- [43-44]
tion of photosynthetic system [[ in a variety of key protein dephosphory-
lation, and playing a role in protein processing and transportion
25 PSTI B9 BE A2 47 LA K 5 208 98 4 52 ob 5 R 8 A1 B AE ] Involved in
LeCYP1 Fli Lycopersicon esculentum — assembly and maintenance of PS][ and interaction with phosphatase in [45-47]
thylakoid membrane
ﬁﬂnk%gﬁm;ﬁgﬁ 54 S 1 CaM M E/E T . 3 5 PPlase %A
. . . L . W JEHLH] 845 Increasing the heat resistance of E. coli, interacting -
TaCYPA] NE Triticum aestivum with intracellular calcium protein CaM, involved in regulation of the [48-50]
PPlase oxidation and reduction mechanism
P o ZH5EAVEMARITS H5HE .2 5/0E K3 Involved in the efficient
TaCYPB /N Triticum aestivum folding and assembly of protein subunits, involved in wheat maturation [51]
~ : o ” 5/NE-#FEFZ 6VS/6AL By i RIUEHEAH C Associated with disease re-
TaCYP NE Triticum aestivum sistance of the wheat-Haynaldia villosa 6VS/6AL translocation line [52]
. 1 = Ik AR K ayi itica s .
RcCYP1 B WK Ricinus communis L. EE F1 i Hﬁiﬁg‘mﬂz K53 T AR A T2 AR ] Playing critical roles [53]
in the protein refolding as molecular chaperones
SR 8 A I R BOM B A PthARE ) Tdx LUK RNA R4 0§ 11 A0 HAE
CsCYP WG Citrus sinensis i Interacting with the bacterial effector protein PthA, the plant Tdx, [54-55]
and RNA polymerase [|
SO . ; o g o7 336 5 | 9k 25 L ML A AR 455 AN % )R TR Responding to stress, hormone,
StCyP LA Solanum tuberosum mechanical damage and pathogen [59]
< . . e AER o R ding t Itiple st , highl
LpCYP BB Lupinus polyphyllus el?cprfst‘tiﬂﬁlﬁeat:afﬁ*i% L8 Responding to multiple stress, highly [60]
ThCYP1 IIF Thellungiella halophila ¥ N MHE it £544 Increasing the salt tolerance of tobacco [61]
) 55 CsA G54 300l 85 o8 0l 2 Wi ) 7% Mk L 52 6 F A 075 Inhibiting the ac-
pCyPB & Vicia faba L. tivity of calcineurin by interaction with CsA, induced by light and [62]
heat shock
Wi 7 A 0 35 L B B L AV T L BB A T L T 99 )R ZE & Responding to
C-CyP K2 Brassica pekinensis biological stress, having antifungal activity to inhibit the growth of fun- [63]
gal pathogens
~ C A e . S N7 & T B i M B X5 R AR A5 A 9% B I BT ME Increased the resistance of
AdCYP HH Arachis hypogaea transgenic tobacco with its ecotopic expression to Phytophthora parasitica [64]
) 2 5 7% 540 I 1) 5 8 B0 5 LA A0 B R A B AR b AR R o SRk R AR 2
VeCYP & Vicia faba L. Involved in the defensive response of Vicia faba bean cells and much [65]
more expressed in cell protoplasts than in roots and leaves
S N L e 17 36 55 L 320 DR L M I Z Y5 S Responding to stress, induced
CaCyP1 B Capsicum annuwm L. by pathogenic bacteria and plant hormones [66]
B T E MG MR TYLCV 4% 5 250, 3 4 TYLCV {4 4% Changing
N:CYPB M ¥ Nicotiana tabacum L. the transcriptional pattern of yellow leaf curl virus TYLCV, and reduc- [67]
ing the transmission of TYLCV
. . e . Z 57 & B Y AR K, i i W 4 Involved in seed germination
3 o ! . = &
GiCyP-1 L3 Grif fithsia japonica and plant growth, responding to hormones [68]
P e o ) e o7 {5 U L 7R R Wl 2%, H mRNA & 4E 1 2 Responding to low tem-
ZmCYP FA Zeamays L. perature, hlgh salt stress with mRNA accumulation [72]
] TE T U A W) v 3R 3 L 7E I 2 2 TR T g W O AU UL R B 38 02 Ex-
GmCYP K& Glycine max pressed in young shoots and mature plants with higher expression in [69-71]

young shoots, responding to low temperature, salt stress

R DT R AR . JOh YRR RAE W AR A AU AL A AR L 2R AR 3R
HMERE E A S SR E S & FE . Gl XS5OI E T O A0 T o)
DRI Z T UL Z R A E IR E AL S SRINER TS5 U 40 T D SR AR A g A
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