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W E:. B MFKIE Nervilia fordii 72F% SKPL [ [FIJEIEER NSKs, FEX4mbid (2R AT AEME B0 RRERIE, A
TIRNWFFLE K& SCF &AM BB 2hil 733k T RZEH A IRk 5 2 5 5% SKP1 [FIYRE £ 7 51l (NSK2.NSK3.
NSK5. NSK7. NSK11), 1% pGEX-4T-NSKs JfiZ#&iA# /A& T KIHHT i Rosetta (DE3) 1555314 GST-NSKs filié & A I3k
frélifh. £55R  NSK2. NSK3. NSK5. NSK7. NSK11 [FF A SAE (ORF) 4374 495, 483, 489, 498 Fl 486 bp, #ifi 164.
160. 162. 165 Fil 161 MEFEEL, HAMMLUMIZEZR] 73.65%, ¥JET SKPL EAXKE, F F-box 1 Cullin BALAALS. W4l
Ji 52 AL TN NSK2. NSK3 Al NSK5 SEAL T 4RMuA%, 1 NSK7 A1 NSK11 52 iz T4 i i FIM A% « 2R G040 45 R 0], NSK2.
NSK3 Fll NSK5 FN—#%, H5/NER T KN RV NSK7 fIl NSK11 BRN—i%, 52 Ly RS . B
BIFEZRIEEAM, #iE T 5K Rosetta (DE3) 1 (19H FIif T4 4F, mhifSRE 4B E] 5 4 GST-NSKs HHE A
2510 AN IElE 5 A SKPL [FYEZER NSKs, K13 NSKs [, NIRAHIAE K SCF S A MM TR At T — E A,
kIR HOAZE: NSK: HEFETIRE: EMERZESN; EERE
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Cloning and prokaryotic expression of SKP1 homologous genes from Nervilia fordii
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Abstract: Objective In order to study the function of SCF complex in Nervilia fordii, five SKP1 homologous genes, the NSKs
were cloned, and the encoded proteins were analyzed by bioinformatics, and the recombinant proteins were obtained by prokaryotic
expression. Methods Sequences of five SKP1 homologous gene were screened from the N. fordii transcriptome, designated NSK2,
NSK3, NSK5, NSK7, and NSK11. The open reading frames (ORFs) of these five genes were amplified by RT-PCR using specific
primers. The genes were introduced into the prokaryotic expression vectors pGEX-4T-NSKs for expression of the recombinant
proteins in Escherichia coli Rosetta (DE3) cells under IPTG induction. Results The ORFs of the NSK genes were 495, 483, 489,
498, and 486 bp, encoding 164, 160, 162, 165, and 161 amino acids, respectively. The protein similarity reached 73.65%, all belong
to the SKP1 protein family, containing F-box and Cullin protein binding sites. The prediction of subcellular locations showed that
NSK2, NSK3, and NSK5 were located in the nucleus, while NSK7 and NSK11 were located in the cytoplasm and nucleus. The
phylogenetic tree showed that NSK2, NSK3, and NSK5 clustered together with Triticum aestivum and Zea mays, and NSK7 and
NSK11 clustered together sharing high homology with Phytophthora polycephalum. By constructing a prokaryotic expression vector,
the favorable induction conditions in E. coli Rosetta (DE3) were determined, and GST-NSKs recombinant proteins were successfully
induced and purified. Conclusion Five SKP1 homologous genes, NSKs were cloned and the correspondent NSK proteins were
obtained, which provided a reference for further study on function of SCF complexes in N. fordii.
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SKP1 (S-phase kinase associated protein 1) A
FEFAZ YA, HEEDIR 4G F-box &
FA Cullin 2 A SKP1-Cullin-F-box (SCF) E4&
W, Z54MR N E A R RN, 26t
FRIN, ZFh SCF B &2 5B R AL IR 2
HEAYSREE, Brikz b, SCF E&AILReznE
MINAEKEE, WREREL KR (Auxin) Bt
4R (SLs) BSIAISRFI RN ZR G 5 il
FERERI R BB, PR, SefE 500, g s 2t
FRMUGE . 2 R EZ REER (ED. 2 RS
&l (E2) Mz RmIERM (E3) 125, H E3
R E R SCF B & i Wr—2&
E3 iz AR, —ff i SKP1 25 Cullin 2 H.
Rbxl 4 & A1 F-box & [ AR, HA SKPL &
HARZIMAER, g nl&s & AR F-box #1 Cullin
FAWI, SKP1 HHHYZ 170 MaIEERRFEH R, C
I AT 8 AN o BBHELEH) (H1-H8), N i A a/p i
TREEMIZALT BTB/IPOZ g5 M43k i3t & 5 =04,
SKP1 R—KBNRTFIEA KR, %85 EE NS
PRl U — Ay, (HEk b3/ 21 4~ SKP1
FRER (SKR) 01, HHFRIAM, Cullin F1 F-box
FAGE T WA, SKPL fFERZED A
1B 1AL, Wl T TR AR 2] 21 4> SKPL [F)iE
F 8, Har ML I+ Arabidopsis thaliana
(L.) HeynhD€l, /KF% Oryza sativa L.201, =71¢
Cymbidium L.[211, 4% Nicotiana tabacum L.[?2, K
= Glycine max (Linn.) Merr 23, 251\ Cucumis sativus
L., Hi%f Fragaria > ananassa Duch.[®IZEE4)H o,
FEAS3] SKPL [RIYSSER R H I Re AT A RIFEREE M)
WEE, HAXHET I ASKL LR I 7 BCNIRN -

HRENLLIHE, BRI, RETZHE4E
2 RBHEYIEE 2% Nervilia fordii (Hance) Schltr.
el A g, HATE PR AR ETE I SR DAL
T B A, mK EH TR 97 /N LI
W AR G S il A R 28, T R AR K A B B
KEw A, HAF i, DtEEANE, EEAR
K. —MfFE RAK L i+, 1~2 MR, 3R
RAZ A PR ERAL T 305 R 50 B A= Bt H
Z 2129, HA AR ST H R ZEH SKPL HE il
AR BT O H RIS HE AR, 4%
PEIETipE SKPL [FEEER, AHIT THHS5EH R
AR B 2507 R .

KB FENTF RZEM Fr i oS3 5 /> SKPL [F)R

B[R NSKs, X HHEAT MG B, IFRkHER:
% pGEX-AT-2 JFi%RIEH A b, 1R E Rosetta
(DE3) T FRIE, KA ERIREES, N
S5 W — PR NSKs 25 [ 1) D RES AR .
1w RFIRALEE
1.1 #

BT YIRS R ZE T TR B X e 2y
W FE e v 24 B URIE 50 P o 22 W RIT 7 B SR AR O 45 78
NZERHEYIE B4 N. fordii (Hance) Schitr., )
M B 25 R th 2 B IR 5 TR I OS2 =
A
12 EMERHEK

K5 Escherichia coli B £k E. coli DHSa /2
AN HE HEEWHAR (b)) ARAF
(TaKaRa); pLB Vector I H RARAEMAE (AEHD
HFRAF]; Rosetta (DE3) Chemically Competent Cell
e i AE R IR A ]
1.3 ikF

ki /NMER 7B (TIANprep Mini Plasmid Kit) -
pLB 1 st thid v X771 & (Lethal Based Fast
Cloning Kit). i 7 DNA 4fifb b i ik 75 &
(Universal DNA Purification Kit). PrimeSTAR® Max
DNA Polymerase. DNA Markers. PrimeScript RT
reagent Kit ¥l H % HEADHA by ARA
7] (TakKaRa); OminiPlant RNA Kit (DNase I) 144
Jest B 22 AR IR A B 5 PurKine™ 25 it H
JIK S e lghnas i A Al & (R H D WA
Abbkine; Pageruler Prestained Protein Ladder 4 H
Thermo; ProteinFind® Anti-GST Mouse Monoclonal
Antibody. ProteinFind® Goat Anti-Mouse 1gG (H+L),
HRP Conjugate il EasySee® Super Western Blot Kit
By | A st e R (TransGen Biotech)
FRAWE: WA
2 Bk
2.1 FREMFE RNA BZELS cDNA £—4#1
am

28 OminiPlant RNAKit (DNase 1) $i#i
FEHE R ZEM Fr i RNA, AT 7 66 EETHI e H
WEEAZEREE, IFH 1%35 IR HAE IR r vl It 2
RNA )58 . 218 PrimeScript RT reagent Kit it
4 S %43 3 cDNA. %l 18 S rRNA 7147 18
S-F. 18 S-R #1T PCR ¥"#%, PCR LA 1%35 /i
R P P RS
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2.2 FHXRE NSKs EE X FFIH) 5 pE

W R H I A ST ) R PR i S T R I
Unigenes %4 AT LLXT, THiEE] 5 & S5HIETF
ASK1 K 741 = FE[RYE ) Unigenes %1, #iX 5
% Unigenes 4 51l i 4 4 NSK2.NSK3.NSK5,NSK7.
NSK11. # NSK7 Al NSK11 3[R (st 51 2s )
PN R — e B KRR PR 4 m] AT 2 2 RS R [A]
IR R R S 517 (R 1), DL “2.17 TR s

cDNA AR AT NSK2. NSK3. NSK5 [T il 5] 52
HE CORP) F38, R BLEAFA 10 uL: cDNA 0.2 pL;
514 FIR % 0.2 uL; PrimeSTAR 5 pL; ddH20 4.4 uL.
PIFEF: 94 ‘C. 2min; 98 ‘C. 10s, 58 ‘C. 30s,
72 C. 30s, 38 AME¥F; 72 C. 7min. HIH B
22 [l glifh 5 %4 % pLB Vector, #4k % DH5a,
Z P PCR %5 )5, HREUPHME B AR M K — iz
BRI RS A R A w247 I

=1 FHSI4
Table 1 Primers used in this study

EIEZEZ S 5 (5°-3") &
18S-F CGCTCTGGATACATTAGCATGG 18 S ¥4
18S-R GACAAATCGCTCCACCAACTAAG
NSK2-F ATGGCTTCGGATGATGGTAAGAAGGT ORF 14
NSK2-R TTACTCAAACGCCCACTGGTTCTC
NSK3-F ATGTCGATGAAGGTGACACTCAAGAG
NSK3-R TCACTCGAAAGCCCACTGATTCTC
NSK5-F ATGGCTTCCGACGAAGGCAAAAA
NSK5-R TCATTCAAAGGCCCATTGATTCTCCCT
AT-NSK2-F TGGATCCCCGGAATTCATGGCTTCGGATGATGGTAAGAAG EEREN A
AT-NSK2-R GGCCGCTCGAGTCGACTTACTCAAACGCCCACTGGTTCT
AT-NSK3-F TGGATCCCCGGAATTCATGTCGATGAAGGTGACACTCAAGAG
AT-NSK3-R GGCCGCTCGAGTCGACTCACTCGAAAGCCCACTGATTCT
4T-NSK5-F TGGATCCCCGGAATTCATGGCTTCCGACGAAGGC
AT-NSK5-R GGCCGCTCGAGTCGACTCATTCAAAGGCCCATTGATTC
AT-NS7-F TGGATCCCCGGAATTCATGGCCGCAGAACAACCC
AT-NSK7-R GGCCGCTCGAGTCGACTTATTTCTCCTCGCACCACTCATTCT
AT-NSK11-F TGGATCCCCGGAATTCATGGTCGTTCTTGTTACTAGTGACAATGAG
AT-NSK11-R GGCCGCTCGAGTCGACTTATCGATCCTCAGCCCATTCGTTTT

23 BXENSKs EEHMEYEEESH

K F ExPASy-ProtParam 72k 5 Tl H 1) 2
AR 2> T i S5 H s SR AR B T s 43001
F SOPMA H1 SWISS-MODEL il & 14 57 ) — 2k 45
PRI =2 4589 R Cell-PLoc 2.0 package X 2&
BEAT AP E A7 500 s A NCBI ) BLASTP #i
DNAMAN X} & B 7 53T RIS R AL XS, B
H# A MEGAT.0 #& K4t Lm; H SignalP 4.1
Server il TMHMM Server v 2.0 7& £ 54445 51 Pl
55 TR i 5 A 3
2.4 FRXRZE NSKs FixRiAHAME. EARKIELE
STl
241 JFRZFRBHEAEE DL Y227 BUNMERINSA
NSK2. NSK3. NSK5. NSK7. NSK11 5¢#&iti5 X 5
FIFRCARR, it gy 3G H R B (R 1D,

SREEARFR A 100 pL: cDNA 2 pL; 317 FIR £-2.5 plL;
PrimeSTAR 50 uL; ddH,0 43 uL. ¥ 14785 94 C.
2 min; 98 °C. 10s, 60 C. 30s, 72 ‘C. 30s, 38
AMEER; 72 C. 7 min. H A B Rt 5152
NSKs F Bt NETFREIEAE A, H Infusion FEkE%
NSK Fr Bt 7r il 5 4 Sall #1 EcoRI M i V] J& )
PGEX-4T-2 HiffikHs. K&~k % DHSa, £
W PCR %55, PRHUPHPERIMRIL) MK — i 5
R BRA R AT, 905 IR S PSR

242 FEARBAMN = H TR KA
Rosetta (DE3) Ritk, BREUHERE AT 37 Cil ks
7%, F LB MifAREFRIELL 1 1 100 fELBIY K RE 9%,
PRHRETEE Asooid 0.6~0.8, I IPTG ELWKEH
0.2 mmol/L, ¥ N 16 CH L5557 18 h, H R4 W 5
B B, &F 100 mL BRI 10 mL R R
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ZErhil (PBS, pH 7.4), #% PurKine™ Z2 Bt H Ak S
HREHE (GST) A28 (et iksr) & i Hidk 474
b, BRELLEE. 2020 pL Ak, A
4 X Loading buffer, 100 ‘CKi% 10 min, I 10%¥
Iy BB AT SDS-PAGE H ik Al .

2.4.3 Western Blot £l 4 1 15 27 B (149 2% 7
BanBsamEdEamE —gtE, &
SDS-PAGE Hiik/E, FHEBHEKREREREECD
TEALI Immobilon-E PVDF % B, 5 i & -1 %t 4]
W (H TBST ZZrbylBc | 5% e Wik ), T#ER
LR E 90 min; BffS I Anti-GST Mouse
mAb (1:5000) T4 CH®HE, FHUEEEK (1X
TBS A 0.1%ZE Lh%i05-20) FEH 5 K. fE%E

A \ B
M & RNA M
2000 bp 2000 bp
gt gt
500 bB 500 bp
250 bp
100 bp igg Ez

%1 T 5 Goat Anti-Mouse IgG/HRP (1 : 10000)
E 1 h, FHHAEERES 5 K, 2 EasySee
Western Blot Kit Ui Bl A &L, H4 B3tk
FUE W R G EAT IR
3 HR55
3.1 FHXEE NSKs HERFE

A Blast WERZEH AT IREEH] 5
% HAT5E % ORF 1) NSKs 341, Iy hldrss N
NSK2.NSK3. NSK5. NSK7. NSK11. i#;id ORF Finder
T 2R Pl T 250 7 8 ) ORF A B, Wit S R 5
YESIWIHETY 1, aBEf3E] 3 4% NSKs [, R
NSK2. NSK3. NSK5, JLFE 1. NSK7 1 NSK11 %
PR E T R — Rt o DR R A R A =) 4 o

C
2 M 3 4 5

2000 bp

700 bp
500 bp
400 bp
300 bp
200 bp

100 bp

M-Marker 1-75 K ZEMH H i RNA J2IL  2-cDNA 18 S #3581 3~5-NSK2. NSK3. NSKS5 ffJ ORF 1

M-Marker 1-total RNA from N. fordii leaves 2-18 S fragment amplified from cDNA for verification 3—5-ORFs amplification of NSK2, NSK3, NSK5
B 1 BFXEMHE RNA(A) #1 cDNA A 18S (B) & NSKs (C) &I Bs#E 5ea e ik &

Fig. 1 Agarose gel electrophoresis of total RNA of N. fordii leaves (A), 18S (B), and NSKs amplified from cDNA (C)

32 BXENSKs EHWEMERFES
3.2.1 TR NSKs £ F AL 5T L DRI iy
RIVAR R TRN SRAH ExPASY-ProtParam 7E£k T
B NSKs 8 [ RS A B AT 20 b, S5 SR 3R,
NSK2.NSK3.NSK5 8 A FasE SRk & H , 1 NSK7
HINSK1L 2fEmsiKEH, Wk 2.

Cell-PLoc 2.0 package 7E£& 5k {1 NSKs [ 7. 4H
i 58 57 T FE B NSK2. NSK3. NSK5 #4547 T4
Mak%, T NSK7 1 11 & 457 T 2 i 53 F 4 A% . ) A
NCBI filill NSKs & H IR T DR g i, K
NSK2.NSK3.NSK5.NSK7 1 NSK11 ¥J B 45 F-box-
Cullin EAML A A, H N iy A KM

BTB/POZ #7& 1% 120 M FERIRFE M) o/p G514
322 THK¥E NSKs FEHMEBLAE . 155 KL,
4T F SOPMA TELZRHAF X NSKs & [t 4T
TR TN, RIS AR R R R B Y
R Q4L R, it NSK3. NSK5. NSK7 Al NSK 11
5 o-12)iE (alpha helix) >J5#i5 i (random
coil ) > #EAi1% (extended strand ) > B #% ffi (beta turn),
1M NSK2 ¥ B % /i > i fdeE, W3R 3.

FH SWISS-MODEL #47 NSKs & [ 45, 45 1%
BH, NSK2.NSK3 Fll NSK5 f18 [ = 2% 454 i FE AR AR
1M NSK7 A1 NSK11 )3 F =& MBI . 1=
F AR N K FTRR 1S 5+ i) Coronatine-insensitive

Fz2 FHRIE NSKs EAIBLMR
Table 2 Physical and chemical properties of NSKs proteins from N. fordii

ESEAY) X9 1 B S T P A3 EIES: TR
NSK2 18 400 4.55 48.04 83.84 -0.479
NSK3 18 000 4.57 50.02 87.75 -0.399
NSK5 18 300 4.52 53.32 80.68 -0.533
NSK7 18 700 4.59 39.90 82.12 -0.593
NSK11 18 400 4.50 33.69 88.32 -0.537
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#3 FRENSKs EHH-RLEHER
Table 3 Secondary structure information of NSK proteins

from N. fordii
A o-iFie/% B I% IEMEE% B A%
NSK2 61.59 25.61 5.49 7.32
NSK3 63.12 28.12 5.00 3.75
SK5 64.20 22.84 6.79 6.17
NSK7 63.03 24.24 7.27 5.45
NSK11 64.60 25.47 497 497
NSK2 NSK3 NSK5

2 3

£y IR
a3

A g

protein 1 1 SKP1-like protein 1A. JAZ1 incomplete
degron peptide )& & &hi, —EMEIITE 5% A4,
FALTEYY A 0545 NSK7 2% #ifR &2 S-phase
kinase-associated protein 1 55 F-box/LRRs -repeat
protein 17 F1 Kelch-like ECH-associated protein 1 [ &
BARGER, —8MEN 67.3%, MEIPEN 0.5; NSK11
SHRENCNNIF) S-phase kinase-associated protein 1
HEAA, —PEh 61.78%, AR 0.49;
HARME B I 2.

2 EXE NSKs EE=REEBTN
Fig. 2 Prediction of three-dimensional structures of NSK proteins from N. fordii

H¥E SignalP 4.1 Server 7E £k #AETINSE Fa]
A1, NSK2. NSK3. NSK5. NSK7. NSK11 f{fs 5
Jik>F-2{E 43 )24 0.000 6. 0.000 8. 0.000 6. 0.000 6
H10.001 3, WAHRAEFIKETIRIA, A&
. #F TMHMM Server v2.0 7E£& %44 % NSKs &
IR LS A AT i, 25 SRR I =3 5 N b
wH, LEEX,
3.2.3 FHRFE NSKs & H MR b A oS ittt
-8t H DNAMAN LEXF NSK2. NSK3. NSK5.
NSK7. NSK11 fJEHFS, K 5 #F K FRUEHEE
31| 73.65 %. Ji] NCBI %} NSKs & A 4T HE E 41 A
PR R, G EEMER S SKPL HiEEAM
MEGA 7.0 Xt Hit 47001 (B 3). 5 R RIIEH K%K
NSK2. NSK3 I NSK5 Z&A—1%, S5/ K
(RIS, 1 NSK7 Fl NSK11 B h—#%, 5%
Sk R R TR . WEALR I, JR4E SKP1 2R
HITZAAE T BEY T, BizEaEidi EAEA
— JE PRS0,
3.3 GST-NSKs Ri&ERBMFIA4 L

AR H I Bk e e v 51 Ay 3G 15 31
— %7, WY& PCR B P45 B3 B 2 R NSK2.
NSK3 . NSK5. NSK7. NSK11 J&k Zh #fi A
PGEX-4T-2 &k (] 4), FEAFRFENLE

— % (XP002453117.1)
‘tyma (ABA93508.1)
EK (ACG31014.1)
—/N# (AAP79890.1)
—— B K% NSK5
i HRZE NSK2
| L— #x% NsKk3
—— BN (XP022951749.1)
*EE (NP001235929.2)
HICETE (AAD34458.1)
PEIF (NP565123.1)
—— ¥ (AA085510.1)

FHRIE NSK11
ﬂ% NSK7
2T (AAL11454.1)
JKHE (XP015641963.1)
JKHE (AAP53946.1)

—
3 TEEYH SKP1 EA RS HF LK

Fig. 3 Phylogenetic tree of SKP1 proteins from different
plants

Rosetta (DE3) K=&, & IPTG S RIA
GST Bl-& & H, F PurKineTM &t H ik S ##
il b 25 2 (A 2l AR TR S A A0 18 B A NSKSs
HHAEH.

SDS-PAGE #tf Lk &5 a5 frw, 5 #3%
7E%) 50 000 Zb L H B . Western Blot &5
K, 4tk GST-NSKs & [ [ 4571 K/ 5 Fi
8 AR /MEFF
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A B M 5 c M 6
10000 by
2888 Eg 2000 bp 7000 bS
2000 bp 1500 bp prevdi
1500 bp 750 bp P
1000 bp
750 bp 500 bp 1000 bp
500 bp 250 bp o
250 bp P
100 bp
100 bp 200 bp

M-Marker 1~4-GST-NSK2. NSK3. NSK7. NSK11 ¥ 341 5-GST-NSK5 {11  6-pGEX-4T-2 HIXL 1)
M-Marker 1~4-amplification of GST-NSK2, NSK3, NSK7, NSK11 5-amplification of GST-NSK5 6-fragments of pGEX-4T-2 empty vector 2
double digested with Sal | and EcoR |

4 NSKs [RizgRikE A miE

Fig. 4 Construction of prokaryotic expression vectors of NSKs fused with GST-tag

A M 1 2 3 4 5 6 7 B M 1 2 3 4 5 6 7
18X 10° 1.8X105
13X10 1.3X10
1.0X 105 1.0X10°
7.0X 104 T — — 7.0X 104 e P = =
55X 10% = — 55X 10 ¢ = =
3.5 X104 m X104 — — —
——— 35710 — -
c M 1 2 3 4 5 6 7 D M 1 2 3 4 5 6 7
s 1.8X105
AT 1.3X105
10%105 - 10x10°
70100 ¢ 7.0x10¢
B5X10° S - — 5.5x10¢ -— —
40%10 . .
4010° . e -—-—
35X10" » 8510 T ———
£ M 1 2 3 4 5 6 7
F M 8 9 10 1 12
1.8X105
5
13X 10 _ 7 o1t
1.0><105 5'5><104 — <
7.0X104 4
o 40X 10
55x%1
40X 104
35X10¢

M-Marker 1-SHEH 2-EiEEA 3~4-MFEH 5~7-40fLEH 8~12-NSK2. NSK3. NSK5. NSK7. NSKI1 A-GST-NSK2
B-GST-NSK3 C-GST-NSK5 D-GST-NSK7 E-GST-NSK11 F-Western Blot f:ill NSKs & [

M-Marker 1-Total proteins 2-Superalbumin 3~4-Flow-through protein 5—7-The purified recombinant NSK proteins 8—12-NSK2, NSK3,
NSK5, NSK7, NSK11  A-GST-NSK2 B-GST-NSK3 C-GST-NSK5 D-GST-NSK7 E-GST-NSK11 F-Western blotting analysis of NSKs

B 5 =4 GST-NSKs ERRIL K Western blot &7
Fig. 5 Purification of recombinant GST-NSK proteins and Western blot analysis

4 g ASK2D), JFH|m AR ASK JE R R IA 7K~ Al

SKP1 JE[HZAFETHEDF, HMMF—# 7B, #55 ASK 3 F E AL A% P8l i B
DAFEZ A SKPL B[N Wl EIT A 20 MRS FRAIEYI KRR I T 18 /> SKPL [FIUREE, M
MY fE 2 R BRI SKPL [FJE L (ASK1~  Hogf#fS 3] OSK1. OSK2, OSK3 J:[H, OSK1 sk
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TE A B R IhRER SKPL B[R, 1 OSK2 F1 OSK3
AT Re A 5 OSKL AFE I ThRERY . A7 N R
R RS 5 > SKPL FIJEIER, 5 FAIE =
15 73.65%. V4HAEE A7 TN 45 3 S TR SKP1
B —8, BIReEAMAZ A Rk . T = e g A Tt
FORGH 25 R IR B, NSK2. NSK3 F NSK5
AR /N 8 AR I IR MR = 5 T NSKT7
HINSK11 5 2 kG0 RN — 1%, H & I =45
FENANIE . PA 25 R B, NSKs 4ifih SKP1 2
®A, W25 SCF & AR M i A 72 kil
YA KK B INRE. £ SCF B &I il
NSK2. NSK3 F1 NSK5 & H 1 D) e AT Be & FHALET,
1M NSK7 F1 NSK11 [ DhRe ] fe A LA F], ik 752k —
.

SKP1 ZE AR F-box HEZE, WEEAFM
RIETZEEASGGIEEM SCF E&kNinEs
AKER. FKHIR. SN IS EDSENE S %S
TR, bl Eg A ) ASKL FT ASK2 fEy 7)) 59U ES
TFHERKRZAR TIRL & AR IT ISR TR 52 14
COI1 ZE H HAETE M SCF & &4, 1ff ASK11 Al ASK12
DL /INRLKFE OmSKPL thEES COIl HAEEE SCF
TR 52 R-E AR E A FRERS, i,
ASK1 5 ORE9/MAX2 = H HAFE M /KRE OSK1.
OSK5. OSK20 5 OsD3 H.1E M2 550 4> 4 fig
G5 R S, n FRTIA, SKPL REARESAR
() F-box & 454, 48 SKP1 & At 5% Fh F-box
wEHYE, BEEERRISHTAE, 1AL SKPL
HHES KRB SHEAER Fbox AR, A
WEFC ST T3 F T #5707 GST A2 NSKs & A KR
il Gk %A, 4 Western Blot Kl 2% B B 07
FH AR B R #EH GST A&
NSKs 2, J&#n] FT Pulldown SZ36364F 5 2 H.
YER) F-box B2 H . 158 & I GST-NSKS fili & 25
MRIB =R S 4 FHME, FTRER 5 I A,
Je B 1 DO R SRIEBREE AT I8 M 2K 15 (], DASR
= HMEANRIAKE, REERMED. G%F
N JIC AR g o 75 381 Skp L 2k [P -4k #5921 Skpl & A
I 2 )£ B PUILTE BE TR R 32 BUAS 21 (1) &
ARG Y Skpl 2K 24, 3 AT R 26 NSKs
ES W)t e =T P S P bi i S b VR L
A3 2 NSKs 25 i & B I E B R R Puis,
M R NSKs (IR A RIEE L, A0
TR N RZEH e A2 5 > NSKs FE[FLEA

—ERIORTYE, TLEAE SCF Ak RIER) D fg
R Ja BERIR AT FERALE «

HBAR AN FERARELEA B FR

SE 3

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Zimmerman E S, Schulman B A, Zheng N. Structural
assembly of cullin-RING ubiquitin ligase complexes [J].
Curr Opin Struct Biol, 2010, 20(6): 714-721.

Schulman B A, Carrano A C, Jeffrey P D, et al. Insights
into SCF ubiquitin ligases from the structure of the
Skpl-Skp2 complex [J]. Nature, 2000, 408(6810):
381-386.

McGinnis K M, Thomas S G, Soule J D, et al. The
Arabidopsis SLEEPY1 gene encodes a putative F-box
subunit of an SCF E3 ubiquitin ligase [J]. Plant Cell,
2003, 15(5): 1120-1130.

Li C J, Liang Y, Chen C B, et al. Cloning and expression
analysis of TSK1, a wheat SKP: homologue, and
functional comparison with Arabidopsis ASKi1 in male
meiosis and auxin signalling [J]. Funct Plant Biol, 2006,
33(4): 381-390.

Stirnberg P, Furner | J, Ottoline Leyser H M. MAX2
participates in an SCF complex which acts locally at the
node to suppress shoot branching [J]. Plant J, 2007,
50(1): 80-94.

Shen H, Luong P, Hug E. The F-box protein MAX2
functions as a positive regulator of photomorphogenesis
in Arabidopsis [J]. Plant Physiol, 2007, 145(4):
1471-1483.

Xie D X, Feys B F, James S, et al. COI1: an Arabidopsis
gene required for jasmonate-regulated defense and
fertility [J]. Science, 1998, 280(5366): 1091-1094.
Samach A, Klenz J E, Kohalmi S E, et al. The
UNUSUAL FLORAL ORGANS gene of Arabidopsis
thaliana is an F-box protein required for normal
patterning and growth in the floral meristem [J]. Plant J,
1999, 20(4): 433-445.

Mizoguchi T, Coupland G. ZEITLUPE and FKF1: Novel
connections between flowering time and circadian clock
control [J]. Trends Plant Sci, 2000, 5(10): 409-411.
Dieterle M, Zhou Y C, Schder E, et al. EID1, an F-box
protein involved in phytochrome A-specific light
signaling [J]. Genes Dev, 2001, 15(8): 939-944.

2R, /NFE SKPL [RVEF: K TSKL (1 v FE M T Be
#r [D]. dbxi: P EEBEROT AR CEWHTRED
2006.

Seo K I, Song E, Chung S, et al. Roles of various
cullin-RING E3 ligases involved in hormonal and stress



* 3390

23

202146 A £ 52% #1180 Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 11

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

responses in plants [J]. J Plant Biol, 2012, 55(6):
421-428.

Hong M J, Kim D Y, Seo Y W. SKP-like-related genes
interact with various F-box proteins and may form SCF
complexes with Cullin-F-box proteins in wheat [J]. Mol
Biol Rep, 2013, 40(2): 969-981.

Aravind L, Koonin E V. Fold prediction and evolutionary
analysis of the POZ domain: Structural and evolutionary
relationship with the potassium channel tetramerization
domain [J]. J Mol Biol, 1999, 285(4): 1353-1361.

Yu Z K, Gervais J L, Zhang H. Human CUL-1 associates
with  the SKPi/SKP2 complex and regulates
p21(CIP1/WAF1) and cyclin D proteins [J]. PNAS, 1998,
95(19): 11324-11329.

Connelly C, Hieter P. Budding yeast SKP1 encodes an
evolutionarily conserved kinetochore protein required for
cell cycle progression [J]. Cell, 1996, 86(2): 275-285.
Yamanaka A, Yada M, Imaki H, Multiple
Skp1l-related proteins in Caenorhabditis elegans: Diverse
patterns of interaction with Cullins and F-box proteins [J].
Curr Biol, 2002, 12(4): 267-275.

Kong H Z, Landherr L L, Frohlich M W, et al. Patterns of
gene duplication in the plant SKP1 gene family in

et al.

angiosperms: Evidence for multiple mechanisms of rapid
gene birth [J]. Plant J, 2007, 50(5): 873-885.

A A, S TT ASK FEAIRT STt g [J]. AR
1%, 2014, 50(6): 683-690.

AT, JKFE (Oryza sativa.) Osk F:[K 43 85 K Thfg /3 it
[D]. &2 thARR KA, 2004,

Nadeau J A, Zhang X S, Li J, et al. Ovule development:
Identification of stage-specific and tissue-specific cDNAs
[J]. Plant Cell, 1996, 8(2): 213-239.

KA =, AETT, DG, & % SKP1 J:[K cDNA
(¥ e B o3 Mt K R % RS [3]. 1E 4%, 2007, 33(4):
693-696.

Chen Y, Chi Y, Meng Q, et al. GmSK1, an SKP1 homologue
in soybean, is involved in the tolerance to salt and drought
[J]. Plant Physiol Biochem, 2018, 127: 25-31.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

IhEHE, B, R, & BN S HIMEEH L&A
Skpl WJEZRIE R H 2 wBEURRH& [J]. EAuR
24, 2017, 32(6): 73-77.

B, ZEream, Fie, 5 HA FaSKP1-1 FEMw
FELRESHT 0] R ELLKEER, 2016, 21(12):
28-34.

MEdes, RN RS Z53E T 51 AR R w7
R [J]. e 2T, 2008, 26(10): 2239-2241.
SCANEE, YRJESR, J.Villa-Lobos, %5, o [E B HAT K
HYfaEmaz [ ) TR, 1993, 13(2): 110-127.
WA g, 1R/, RERME, & TTTUE R ERFA BRI
R[], T PEHES, 2009, 29(6): 783-787.

RN, ek, PEMFA LR (B 1 5): 46l
[M]. Jbal: srskdd HiRAt, 2004: 131.
IR, T RIEEFHRFENI R [D]. M T INREE

25K, 2013

Dezfulian M H, Soulliere D M, Dhaliwal R K, et al. The
SKPi-like gene family of Arabidopsis exhibits a high
degree of differential gene expression and gene product
interaction during development [J]. PLoS One, 2012,
7(11): e50984.

Gray W M, Kepinski S, Rouse D A, et al. Auxin regulates
SCF TIR1-dependent degradation of AUX/IAA proteins
[J]. Nature, 2001, 414(6861): 271-276.

Ren C, Pan J, Peng W, et al. Point mutations in
Arabidopsis Cullinl reveal its essential role in jasmonate
response [J]. Plant J, 2005, 42(4): 514-524.

Dai L Y, Xu L H, Huang D F, et al. ASK1 physically
interacts with COl1 and is required for male fertility in In
[J]. Sci China Ser C: Life Sci, 2002, 45(6): 631-636.
FIE, TG, TR, & PRE A4S OmSKPL £
K E S ThEEVIIR [J]. 7 FHEYE Fh, 2019, 17(23):
7641-7648.

F V. KRR B P B AH G B 1) B o7 o Fe 5 T e
#r [D]. dbxt: s ER AR, 2012,

Takahashi N, Kuroda H, Kuromori T, et al. Expression
and interaction analysis of Arabidopsis Skpl-related
genes [J]. Plant Cell Physiol, 2004, 45(1): 83-91.

[FriE%dt B E8A]



