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Abstract: Objective AsMAPKI and AsMAPK? are two mitogen-activated protein kinase (MAPK) genes with unknown functions in
Agquilaria sinensis. To investigate their fundamental characteristics and potential functions in wound-induced agarwood formation, in
this study, we performed cloning, expression analysis, and preliminary in vitro functional assays on the two genes. Methods Using
c¢DNA from subcultured A4. sinensis callus as the template, the coding sequences of AsMAPKI and AsMAPK?2 were obtained by PCR

amplification. Bioinformatics analysis was performed using relevant online tools and softwares. The prokaryotic expression vectors
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pGEXA4T-1-4AsMAPK 1/2 were constructed, transformed into E. coli BL21 for expression, and induction conditions were optimized. The
AsMAPK 1-GFP and AsMAPK?2-GFP fusion expression vectors were constructed and transformed into Arabidopsis thaliana protoplasts
to observe their subcellular localization using confocal microscopy. The kinase activity of the purified proteins was detected using an
in vitro phosphorylation assay. Results The AsMAPKI (1 188 bp) and AsMAPK2 (1 128 bp) genes were successfully cloned.
Bioinformatics analysis revealed that both encoded proteins contain typical kinase domains and belong to the MAPK family.
Phylogenetic analysis indicated that AsMAPK1 is most closely related to the AtMAPK6 homolog in A. thaliana and belongs to Group
A, while ASMAPK?2 clusters with Group B AtMAPK13. SDS-PAGE detection showed successful induction of soluble recombinant
proteins of approximately 71 000 and 69 000. Subcellular localization results demonstrated that both 4sMAPK-GFP and AsMAPK2-
GFP are localized in the cytoplasm and nucleus. Further kinase activity analysis confirmed that both ASMAPK1 and AsMAPK2
undergo autophosphorylation and can phosphorylate the universal substrate MBP. Conclusion This study confirms that ASMAPK1
and AsSMAPK?2 are active protein kinases localized in both the cytoplasm and nucleus. The cloning, expression analysis, and kinase
activity detection of the two AsMAPKs provide a foundation for further elucidating their roles in the signal transduction mechanism
underlying wound-induced agarwood formation in A. sinensis.
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H KA Aquilaria sinensis (Lour.) Gilg ¥ & £}
DNIEBESRION, SRERA ¥ E 2 R, W
2 (R E 25 2025 SRR B IR a T A ME— R
VIRIE, T2 TR W 08 SR AR &
WAL X, Y ORE W T2 2B L
RYLEEIIENS, 2B E RPN, EZAH
REIBE Y S5 B M IR —— &R DA E &
FRAEVERS L 28 R iR EY), BT HAR &
o RTINS A K, g i 2
I, BAWE A HNERA. SR, RIRVTEI
RGOS RS HAN AT, B AR AR R R R
RO WAL, IO E K R R &
(WS B AESEA E BR 5 55 A 29) (CITES) BRI
. RENTREHA (el B,
W2z O Z R, B EFEERTUE N
S FIRENLH RIS B RS, JCH RN FHM
WSS 5 NETE S S BE 5 57 31 R
T, AR T T SR .

TEREI S 2R A NS 56 T2, 2228505
1B I (mitogen-activated protein kinase, MAPK)
PHEE L ORISR 515 SR GRS A . 1E R
MAPK Il K 2 0m i, MAPK ELFEE TR L
WES GEEH MAPKK/MKK BERILIEE) HbA
R A2 AR AR B e 7089, HL AR AE T AL S A3
W EEARSF) “The-X-Tyr (TXY)” 35, HAron
AIRATR AR TR A2 EF MAPKK RS EREIR 1L
e AR AL S I, R R MAPK JEidH:
TS, R S B RR A T AR 22 1 FRLSURIAZ P R 2

A, LGSR [a0 WRKY KRR MYB 5
B i (v-myb avian myeloblastosis viral oncogene
homolog ) « MYC ZX Jfi ik 1 ( myelocytomatosis
oncogene ) LA K& £ N TT 45 Rl F- Cethylene-
responsive element binding factor, ERF) %§]. At
filg. dHMREEARSOCER A, AU DL R Is B B AR,
Mz R R Rk L AR T RE L AR AR R 4H
AT AU, FEREYIH, MAPK BT 2251 %
KR E WS ST LU 2 il B
JR04-161 fgil 1, FEFULFG S+ AtMAPK3 F AtMAPK6
BAIE S Wi 2453475 98 SR A4 AR G S SRHTR (jasmonic
acid, JA) 15 5187 U718, FEPZ i 2R &
YIRIAE S O, SmMPK3 Wi JA {55 58
BRI SmWRKY33 255 H DNA 4556 7)
HESRBOETIRE, BEMAE JA R EER RS, 1E
WP PSR AR A D0, IA (G52
VIFEEA BHNE ST BREPIEEES
fiff ASSL AT WRKY44 WL JA {5 51E E3
BRI T N RN, BN ASST RO
TERIRO2, JE 84 i R A B A e v, AR
TR WRKY 44 KA TR h 1R WRKY 44
HIBERRALHIL S R DT i & O AR B
ST WRKY44 HUA 1P-MS G554 T 04T, KIW 2
A MAPK B BL, 45T MAPKS 7E JA {5 S
HEAE, HHENNX 2 4~ MAPK #A AT RE IR0
E5 SUIE G AR RS 55 R

KA FEE T BARE P UTE Y oS o e e R 1
WRKY44 ] IP-MS 45 Rk 55 A EE, )
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T 2 A MAPK 3R, 4N AsMAPKI1 Fl
AsMAPK2, R Ja % Hab AT ARG B 0. T4
SENL, B T R AR RA B M o gmtD B
AL PRI =) F RSB VAT T BN, S
S8 (1) B AR D B 56 IE R AR AT R A v N B3 15
5 B IE BROTE 1 7 LR SR AL T B ST ARl
1 #RERF
1.1 8

A SZIG BT AR AR S A e 4R 3R T MS
R RILZ FFIBL HEE (methyl jasmonate, MeJA) 4t
PRI A ARE A. sinensis (Lour.) Gilg {52041,
1.2 RXFISNEE

pGEXA4T-1 ki3 LA TAY TRERMGE
FR > 7] pSYBO3-EGFP Jit kil H iU R im A M RH
HIRAF; pEASY®-Blunt Simple Cloning Kit. Blue
Plus® Protein Marker (14 000~100000). &’
#. RIlb&ER. KB E DHSo 422 B2 S A0 &
BL21 (DE3) fb2Esz 54 5t X 44
P ARE R A F]; PrimeScript™ RT reagent Kit with
gDNA Eraser {77 & Al PrimeSTAR® HS ~ (Premix)
i TAKARA; EASYspin Plus % RNA HRi%iR
B A & B b SR A R A R A A
BamHI fif. Xhol Bg#1 APP E§IA [ NEB; “WHEiE”
— AT AR % B mix (5X, miRGERRO <
SDS-PAGE &t il 2 i f A “ Qe r i @iET
BAMAE QGBI B AL R E EEMRE A
MR BafigesE A Marker (15 000~130 000)
¥ E Biosharp; DNA #E% [BIIGAF & W H Axygen;
GST & B4l A &Ie | Hilg s = RAEYH
RIEA IR A ; MeJA (L5 MKBWI129V). 4

1

B AR 1% 55 1 (Myelin Basic Protein, MBP) 4 5
Sigma-Aldrich A 7] .

FER Y H#81¢ (3£[E Thermo Fisher Scientific 723
FD\ N B KL ED R4t (3£ Bio-Rad AF]).
SLAEIRIRG A (GEERTIEA D AR OHL (1
Eppendorf) . =13 250 HL(4E [E Eppendorf 24 7] )
A RAEIR K I B CIE S K R PR A 7D
K14 %4 (3£E Bio-Rad A% ). Nanodrop 2000
466 (3E[E Thermo Fisher Scientific). #0%
HREBHME (HA Nikon A7), #F TIES (b
HORBRIG RS HEA PR AR Ha03 & )8 (b
EARILEAYRECAER AT Ash2R KR
R BRHAERAFD . AN T (T3 B
AR ERATD. PCR 516 MZEFEALHUHIARAR
HGRHEA IR AR 5B, FAIIE B B AE T A T
TR AR A PR 2 7] 58 B o
2 Bk
2.1 HBEAREE RNA 2B cDNA &%

SEIGH RN MeJA AbER 5 AR F @ AL R
e FRHBSCAESE RNA P B8 BGal R & it B AT
AL RNA $2HL H 1%B I e e ra vkoAsr I BB RNA
[1))Jfi %, Nanodrop 2000 il RNA WKFZ. %@
TAKARA PrimeScript™ RT reagent Kit with gDNA
Eraser Gl & T R A3 B FIRAE cDNA, 724
FIT-20 C, %M.

2.2 AsMAPKI #1 AsMAPK2 % [F {952 & KN F

FETH7 H RS 1 SR A R R A, 15
F| 2 1~ MAPK R 4afilh 741 . #2887 5115 5., A
A Primer Premier 5.0 %) 2 /> MAPK 3[R Beit
Fratesl® (R 1D #4T PCR 978, PCR & MifA

514FF5

Table 1 Primer sequences

H SIPIbREE SIS (5°-37)

e MAPKIF ATGGACGGAGCTCCATCTC
MAPKIR CAGCTGCTGATATTCAGGGT
MAPK2F ATGGAGAATGAAGAAGAAATGGT
MAPK2R TTCAACGATATTGTCCGCGT

A% MAPKIF ggttecgegtggatccATGGACGGAGCTCCATCTCAC

Hik MAPKIR gatgcggeegetcgaCAGCTGCTGATATTCAGGGTTGAAC
MAPK2F ggttecgegtggatccATGGAGAATGAAGAAGAAATGGTGATTGG
MAPK2R gatgeggeegetcgaT TCAACGATATTGTCCGCGTTGA

V40 i 5E Air EGFP-1F ttctgtttggaactttaattttagcc ATGGACGGAGCTCCATCTCACC
EGFP-1R agatcctectccagatectcetcc CAGCTGCTGATATTCAGGGTTG
EGFP-2F ttetgtttggaactttaattttagcc ATGGAGAATGAAGAAGAAATGGTGATTGGGG
EGFP-2R agatcctectccagatectcctcc TTCAACGATATTGTCCGCG

e 5 /ING T RACR RIS Bk 5]

The lowercase letters in the sequence represent the homologous arm bases.
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Z: HARR cDNA B 2 uL. 1IE[H 5198 % 17 519
% 2uL+ 2XPrimeSTAR®HS (Premix) 25 uL. JCB
TolGZKAME S 50 uLs FIGHFEF N: 94 CHIAEHE 5
min, 94 ‘CAEPE 30 s, 58 ‘CiBK 30s. 72 ‘CHLEfH
30 sv 34 MEME, fJE 72 CHEM 10 min, 4 C
RAF. PCR ¥ 38 W)A8 FH 19035 i R 5k e PR oA
Ja, VIS B X380 DNA SRR R Gadk
A7 IR TR

F453 2 B CH IR B AT
NanoDrop 2000 &R & 26 BE € J5 , 5 vd B 24k
pEASY-Blunt Simple Cloning Vector %% )i i) & Lt
71 1IR%A, 25 C4&JB¥H 20 min J5 3 ZLEH ),
PR R AR TransT1 B2 A2,
WA TR RERPUEN LB B, T 37 CH
FRR AR B TR I B PR fE 2 1 mL
FORHRPUER LB WA 754,37 C 200 r/min
Kt 6h Ja, BT PCR BRI, Bhikf 1E
T DR /D 26 i 1 1R T B BT 9% 28 g A AR ) TR
A A IR A FII R, R 519008 M13-201 M13-26.
23 EYERESH

IS LR S F Expasy-ProtParam tool Chttps://
web.expasy. org/protparam/ ) XI AsMAPK1
ASMAPK?2 F PK] 2 it 2 2= 1% 1) B A 1 o AT T
i8 ik 7E 28 4>t L H SignalP4.1 Server Chttps:/
services.healthtech.dtu.dk/services/SignalP-4.1/) #£47
AsMAPK1 A1 ASMAPK?2 % ith 8 [ 945 5 Ik T 5
X H TMHMMI.0  ( https:/services.healthtech.
dtu.dk/services/DeepTMHMM-1.0/ ) 7 £k T H X}
AsMAPKI1 1 AsSMAPK2 JE[F 2 fith 2 [ AT 25 45
F38 7 s FIFH Cell-PLoc Chttp://www.csbio.sjtu.edu.
cn/bioinf/Cell-PLoc/) fEZ/ T TH, X AsMAPKI
A ASMAPK?2 5 [K] 4 i 1) 25 [ 12E 47 .48 fi 5 o7 71
s FH PRABI Wi Chttps://npsa-prabi.ibep.fr)
#] SOPMA T H Chttps://npsa.lyon.inserm.fr) Al
SWISS-MODEL (https://swissmodel.expasy.org/) [
3, %F ASMAPK1 Fl ASMAPK2 %R 4w & [ (1) —
P = REEHIFEAT I . FIFH MEGA 11 84, RH
FeA B H) MUSCLE 5% AsMAPK1 1 AsSMAPK2
LA AN TATR #4223 HUFR) 400 R 71 42 20 1> MAPK
FIRM R AR KT AT T 2 P 5t . Bl
Ja, TR, [FHAHENE (neighbor-joining,
ND WERGAER, JFlE 1000 KEZHMFET
HHE%4E (Bootstrap value) PLIEAL RGK B W1 A

[T S
24 [ERZFIEBEIDE

N7 % AsSMAPK1 F AsMAPK?2 & [ 3E4T JFiA%
Fik, R4z 7 AT E AR PRk
(PR g . ikl RIEE 938 514, LA IR )
MAPK-T Jki #8447 PCR wfE. PCR
P 1% AR R eI FE IR I 5 DI [, 3R 15
5 AR ) MAPK 50K Bt FIFH BamHI A1 Xhol
B XU DIA i PGEXAT-1 R A . PCR P4 H0
LA 8% e AR b AT i e, &
VIR F R N2 KB DHS e, IRAT T
EENERMN LB P, 37 Cilacds 7% 5 PhBC A B
T 1 mL & %PitE LB ARG R 9% 5, T
B PCR $&iF, #kik PCR PHIER BB GE S b
HAETAMTRERDERAF,
25 EEEEMNFRIERFSEHML

NS K E MAPK 25 [ LT I 82 ThRERTF 9T,
H b A ) g R T 1 B2 SR pGEXAT-1-MAPK 4% 4L,
FERILE FH BL21 (DE3) o, I HiESRIA%
fF TR IPTG WKE. HSEED BTk
251 HREE K& pGEX4T-1-AsMAPK &
TR BL21 (DE3) FHM: B M T 52 N 5
I LB MifkR; 73k, 37 °C. 200 r/min JR3% 1577
A B 12100 LGB KRG 77 28t LB Ko%=
Ferr, 37 CREFERFEW Asoo HIEF] 0.6 B, IIA
IPTG ZEA&WE N 0.5 mmol/L, NEAAFFE TR
FE Fe FLE N7 ()5 FH 5 S i TR0 R 2R A AT v R
BRI, HI7E 16 CiES 16h, 25 TS 8h,
37 CHESF4h BT BREHRE, REEORER
)5 PBS H &, VKt NEEA I, BARMAEN
SV Fo AR AR S O S5 TR 3, UTUE 4 F PBS
g, WAEA. B, JUERINNE A LR
W, SJRBAYEE AR A i R UTE
SpET
252 iFSEE L IPTG IR 1E ORI E R
FER, Xidd IPTG WFE K5 T AT 1264
B, R E T 0.1, 0.5, 1.0 mmol/L 3 4> IPTG
WEERREE, JHERNRE N RET 4. 8. 16h3 4
I, DARFH A RIE X B g RIA s A ]
BYERS I . FRE R E R R, W BRI TR
IR ] 2% o

PLEAL T 2% pGEXT-1 ) BL21 (DE3) #ik
P& B IR RIE AN IPTG E AR, R
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B[R RERI AL TR J73:,  10% SDS-PAGE ¥t/ H vk A6 il
G, & “YAri” Gt e B AR IBE N
253 HmA4NL FOERERS AR
b, HEHT ASMAPKI1 Fl AsMAPK2 & [\ 4tk . ¥
FREFRGHERA 4 CF B0 ERAE, %55
W RE=10 1 1 LI R (NaCl 140
mmol/L. KCIl 2.7 mmol/L. Na,HPO4 10 mmol/L.
KH,PO,4 1.8 mmol/L, pH7.3) HE&. fEVKIBKMET
BHTHEAEE (ShR 230 W, T/E3s, [AEK2 s,
S 15 min), FREI VR MAR RIS IE SO, R
TN RIE ARG e 4 BRI BEIR 4 C&M TR
O3B EIEAPUE. J5424% 1 BeyoGold™ GST-tag
Purification Resin ¥t 31T 8 A 2ifb#l/E, 29
WCER DI HH 2H 53 e 2 A 43 AN i 4H 4y DA B DR G
i, 1B 10%0 SDS-PAGE HLik 737« #5155
()2 VS VR B IR IR A B ¥ B O IR T
TBS i, 7305 T-80 CILRFF#H .
2.6 Y 4HRBRELL

DA 58 I MAPK-T JFURLAE R, Bt
[F Y5 1R 51 03 PCR 974 B 1 A BUE [, T3k
5 iR 5. P A BORE 240 52 7 34K pSYBO3-
EGFP 8 i TG 4% v B A 22 300 A7 32 4 4 7 T 20 #44
pSYBO03-EGFP-AsMAPK1/2, 15 Fik#efE—%0#
17 KA DHSo Ak, B 7% PCR R P38 IE . HL
I 45 R TE W 1) B 2H TR O Ak AL R T TR A
e, BARSICCRR 7R T, B 3~4 R
TR T, N 5~10 mL & 1.5%4F 4% % R10
(IR T 24 CHRPEREM 4 he & W5 DG
Jei s IRAFIEPA R AR A, B 100 pl AR AR, A
10 pug ik DNA 5 110 uL 40% PEG 4000 7%, %
FREEERSE 10~15min. RMZILE, WE
JRAE AR IET | mLWS i 55 7% 18~24h, %k
I, B 100 pl 7o A7 B R AR AR TOG L 3R £ B
T M EE G5 L. pSYBO3-EGFP 58 Hfk ik 17 Eik
ERAEVE BT R
2.7 HEEEMES

N T BAERIEM 2 A MAPK AR HAH
BgyE e, DABERESHEE 2R (myelin basic protein,
MBP) RNJiEH), H4ifb53 21 MAPK & LA A
BARAMERR R B R : 25 mmol/L Tris-HC1 (pH
7.5). 20 mmol/L MgCl>+ 1 mmol/LEGTA. 1 mmol/L
DTT. 0.2 mmol/LATP. 1 X fiEZEEHIHIF], Sk R
50 puL, 7£ 30 C&J@it FIEE 90 min, fH/EHIA

12.5 uL 5X SDS-PAGE # i loading buffer £¢1k /%
N, &RitEin s, #id 12% Phos-tag SDS-
PAGE BME 70 85, “ Yenr i ” et 2 26 AR AL 15 I o
3 HR59H
3.1 CDS mFERMNF

PLEIARH cDNA R, £ PCR #4452 4 3
FIReR R ER—4w (B D, HE&WNESH
Marker $87~ /NS TR /N—5, H AsMAPK]
FRKN 1188 bp, bl 395 MEKERR; AsMAPK2 %
KA 1128 bp, 4wl 375 ANEIEFER. AsMAPKI F
AsMAPK?2 WKL HRRFP A SO B SR 51 L] 2.

M1 2 3 456

2 000 bp
1 000 bp

500 bp

100 bp

M-Marker; 1—3-AsMAPKI; 4—6-AsMAPK?2.
B 1 AsMAPKI #0 AsMAPK2 ] CDS 3/ 1&
Fig.1 CDS amplification of AsSMAPKI and AsMAPK2

32 EYEEESN

3.2 AsMAPKI . AsMAPK2 FER LR 4
NTHIE ASMAPKI R AsMAPK2 i34k e £ K H:
FrI@ W, FIFREER K5 51T MAPK
FIRW A R EAT T 2 P50 i 7 R4
KEW . RERKE e LR (B 3), AsMAPKI
Ml AsMAPK2 4393J& T MAPK ZXJ%EH Group A Al
Group B. WKl 3 fivr, REK B W MAPK Kk
TR A 4 A F B, (Group A~D), X
5T T ikiE — 8. HAER NS, AsMAPK]
ERGKRERFR EEUFEIT IR AIMAPKG e ¥
T, M AsMAPK2 W5 AtMAPK13 345 2L,
Zor RN HENIL D) REBE e T B . (EAR IR,
KRR RGRKBM T, AR T B bR 7>
() E SRR (I Group D 4332 H Bl ~
48%) . X A]HESE T /EfUF I+ D 4 MAPK J¥%1 )
WREE R E S AR SE HERAR A AT E . SR, i
SO AN T A PR T 0 PR e X, AN RZ I AR AL
FKIEMIHRZ 05> 52 (Group A A1 Group B) 5 #h ¢
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A
1 ATGGACGGAGCTCCATCTCACCCGGCCGACACCGACATGGCCGACGCCGCACCCCCCCCT 1 ATGGAGAATGAAGAAGAAATGGTGATTGGGGCGGCGARGGGACAAGGGCTTCCGACTTAC
1 M DGAPSHPADTUDMADA AARAMPTPTEP 1 M ENEETEMVTIGA AR RAMEKTGA QGTLZPTY
61 CCCACCCCCAGGTTGCCGCCGCAGGGATTGACAGCATTCCCGCCACCCTCAGE 61 GGAGGAAGATATGTTCGGTACAACATTCTGGGCAACATCTTTGAGGTTTCCTCCAAGTAT
21 HPQVAAAGIDSTIPATTLS 21 6 6 YV RYNEILGNTIZEETVSS SEK.:?Y
121 GCTTCATTCAGTACARCATCTTCGGCARCATTTTCGAAGT CACAGCCARA 121 GTTCCTCCTATTCACCCTGTTGGTCGCGGCGCTTATGGCATCGTTTGCTGTGCAACTAAT
41 GREITQYNTEGCHNTI 41 ¥vP PIHRPVGRGLEY G I VCCATHM®R
181 TACAAGCCCCCTATCATGCCAATCGGCARAGGCGCCTA 181 TCTGAGACGAAGGAAGAGGTGGCCAT, AAGATTGGGAATGCGTTTGACAACAGGATT
61 ¥YX 2P T HP T 6K GGA 61 S ETKEEVAIKEKTGNAFEDSNDI RSTIT
241 ARTTGTGARACAAATGAGCATGTGGCARTCAAGARGAT. 241 GATGCARAGCEAACACTTCECEAGATTARGCTGCTGCGTCATATGGATCATGATAATATT
81 NCETNETHVA K I 81 D A X R T L R E M DHDNI
301 ATTGATGCARAGAGGACTCTTCGAGA! GCTGCT 301 ATCARAATCAAGGACATAATAACAC ARARGTTCAATGATGTGTATATC
101 I DAKRTLR RE K LL 101 I I KD I I TFPGPE®R:E FNDVYTI
361 GTAGTTGCARTCAGGGATATAATACCACCACCCCAGAG] 361 GCGTATGAATTAATGGATACTGATCTGCATCAGATAATTCGGTCTAGCCAGCCTCTGACT
121 VVAITRDII PR P QR 121 AYELNXDTODI HOTT S S0P LT
421 ATTGCATATGAGCTGATGGATACTGACCTGCATCAGATA 421 GATGATCATTGTCAGTATTTCTTATATCAGTTATTGCGTGGCTTGAAGTACATACATICG
141 I A YELMNDTDLBEQTI 141 b bD:HEECQ ¥ FL ¥ 0L LR GL K'Y T H:S
481 TCAGAAGAGCATTGCCAGTATTTTCTGTATCAGATCCTTCG! 481 GCAAATGTTTTGCACCGAGATCTAARACCAAGCAACCTTCTCCTTGATGCARACTGCGA
161 S EEHCOQYT FLYOQTITL 161 A NMVLHERDILIEKTPSUHN L DANCOD
541 TCTGCARATGTTCTGCACAGGGACTTGARACCTAGCAAC 541 CTCARGATTTGTGACTTTGGGCTTGCGAGAACCACA! CAGACTTTATGACAGAR
181 S ANVLHERDLTEKTESN 181 L. ETCDF B L AR T T ETDEFENNTE
601 GACCTGAAAATATGTGATTTTGGGCTTGCTCGTGTTACTT AT 601 TATGTTGTAACCAGATGGTATCGAGCCCCTGAGTTGCTGCTTAACTGTTCAGAGTACACT
201 DLEKICDTEGLARTYTS D FMT 201 ¥ VVERWYRADPETL L W€ 8 BYT
661 GAATATGTGGTTACAAGGTGGTATCGAGCTCCAGAGCTATTGCTAAACTCCTCAGATTAC 661 GCAGCTATTGATATTTGGTCAGTTGGTTGCATTTITC TGCmTAATAACAAGGth CC
221 EY VY ITRNYXRAXPELLILEXSSDZY 221 A A I DI WS VVG6éCI PFMETIIRZPERSCE:S?® P
721 ACAGCAGCTATAGATGTATGGTCCGTTGGTTGTATTTTCATGGAATTGATGGATCGGARG 721 CTTTTCCAGGGGAAAGACTATATTCAACAACTAATGCTTATAACTGAGCTACTAGGTTCG
241 TAAIDVW¥SVGCITFMETLMDR RE 241 ;roc-xnxxco:n:.rrs::_c-s
781 CCTCTATTTCCTGGGAGAGATCACGTGCATCAGCTACGATTGCTTATGGAGTTGATTGGC 781 CCTGATGATTCTGAACTTGGATTCCTGAGAAGTGACAATGCTCGCAAGTATGTTAAGCAG
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1021 GCGCTAGCTCATCCTTACCTAACATCTCTGCATGACATCAGTGACGAACCTGTCTGCATG 1021 TCTCCATTCGTCTTTGATTTCGAACAAGCAAACTTGAATGAAGARGATATARAGGAGCTC
341 A'LARPYLTSLHDISDETPVCHN 341 S PFVFDTFTEG QANTLNETETDTITEKTEHTL
1081 ACACCTTTTAGTTTCGACTTTGAGCAGCATGCCTTGACAGAGGAGCAGATGAGGGAGCTC 1081 ATATGGAGGGAGTCCTTAAACTTCAACGCGGACARTATCGTTGARTGA
361 TPP S FDEEOQOBHBAZLTETETQ QMRTETL 361 I WRESTLN N ADNTIVE
1141 ATCTATCGGGAGGCTCTCGCGTTCAACCCTGARTATCAGCAGCTGTGA
381 I YREALAENPEYQQL
2 FERA = Hws
2 AsMAPKI1 (A) #1 AsMAPK2 (B) HURZHEHERFHIK& 3 N RERKRFS
Fig.2 Nucleotide and deduced amino acid sequences of ASMAPK1 (A) and AsMAPK2 (B)
AMPKA Ho HEEERE AsMAPKI 1 AsMAPK2 FiESL &I
=x + 5 S 2 N BYA
99— AtMPKII SRR (100%) R, HRGIKERRIEG
99 AtMPK12 |B 4 N y:
93 AtMPKS ERATEER, UK R R DR ST
100 AsMAPK2 N
o AMPKI3 3.2.2 AsMAPKI1 F1 AsMAPK?2 JE K 4wt & 1 13
98 AtMPK10
b I
A R A Expasy-ProtParam tool Tl i
03 AtMPK3 A4
78 ASMAPKI AsMAPK1 5 AsMAPK2 & H B, LT
100 AtMPK6 .
[ AIMPKI 2. HiREW, AsMAPKI 1 AsSMAPK2 5y 54t
100 AtMPK2 | Cc 41 /\ P P
AtMPK7 395. 375 % , % E Eﬁ ﬁ?ﬁﬁ%‘]ﬁ
10— \MPKI4 A
9 AMPKIS C2024H3140N5130575S 19+ C1939H3027N5870618816’ HiRAH
=N > Y Nar
100 —AtMPK19 xﬁé}%k BN 45163.67, 43238.42, LR
48 AtMPK20
g = N
00 | AMPKI6 | D 4 BO(PD 435108 5.61. 5.09, #EWT MAPKI 5
AtMPK17 N .
e =
52 AMPK9 MAPK2 B9 R E T . 8 E RIS E TR AR 2
99 AtMPKS Ny
NIy
52 oo AMPKIS HI AT E 2B Hr#IlT ), MAPK1 5 MAPK2

A-UFTT; As-FIART .
At-Arabidopsis thaliana; As-Aquilaria sinensis.

E 3 AsMAPKI1 1 ASMAPK?2 S5#IE7T 20 & MAPK £

B R G LA

Fig. 3 Phylogenetic tree of ASMAPK1 and AsSMAPK?2 with

20 MAPK genes from A.

thaliana
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Table 2 Physicochemical characterization of ASMAPK1 and AsMAPK?2
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AsMAPK1
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C2024H3140N5130575S19
C1939H3027N5870618S16

395
375

45 163.67 5.61
43 238.42 5.09

37.30
47.87

90.43
94.64

-0.277
—0.313
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HIYNBKEA.

3.2.3 AsMAPKI #l AsMAPK2 #4ift &5 A1 5 ik
5 8 DX R4 s A7 00 3z SignalP 4.1Chttps:/
services.healthtech.dtu.dk/services/SignalP-4.1/) HE4T
H B3 MAPK1 5 MAPK?2 4wt & (A #1455 Ik T

M. ZREW (E4), MAPKI % Il MAPK2 &
BH#EEAE TR, #EAEWEA.

iz H 78 28 3 4 TMHMMI1.0 C https://services.
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Fig. 4 Prediction of signal peptides in AsSMAPK1 (A) and AsMAPK2 (B)
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Fig. 5 Prediction of transmembrane domains in AsSMAPK1 (A) and AsMAPK2 (B)

F| ] Cell-PLoc Chttp://www.csbio.sjtu.edu.cn/
bioinf/Cell-PLoc/) fEZ 7 #r LH, X AsSMAPKI #1
ASMAPK?2 5 PK| 9 i 11 8 1 32047 040 B s A Tty
45 R —F YT heE o T A A% -

324 FARF MAPK FkH M2 FE gL & H =
P =AM B HEL S TH SOPMA
(https:/npsa.lyon.inserm.fr) Tl MAPK1 5 MAPK2
HEM R4, &REY (B 6), HH MAPKI
(1) a-BRHELE AT 160 N EERR, AiLE 40.51%; &
I EFEA LT 50 MR, L 12.66%, oM
M M A5k 3L 185 MEIER, & EL 46.84%; HH

MAPK2 ] o-Ee&it3tit 161 MEER, Stk
42.93%; SEMPEFESMILT 51 DR, ik
13.60%; TR 45 35T 163 MREERR, ALl
43.47% JoFUNAS AN oM e A2 A0 B P 5 e i
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Fig. 6 Prediction of secondary structures in AsSMAPK1 (A) and AsMAPK2 (B)
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Fig. 7 Prediction of tertiary structures of AsSMAPKI1 (A)
and AsMAPK2 (B)
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M-Marker; 1-Z8AREFAE; 2-SHIBFEE; 3-ASMAPK12 RIFSAEH; 4~6-16 CHEFEE. Ll JUE; 7~9-25 CHSEE. LiE.
ULBE; 10~12-37 CiFSemE. Lib. V.

M-Marker; 1-Vector—PTG; 2-Vector+IPTG; 3-AsMAPK1/2—IPTG; 4—6-12-AsMAPK1/2+1PTG at 16 ‘C; 7—9-12-AsMAPK1/2+1PTG at 25 C;
10—12-AsMAPK1/2+1IPTG at 37 C; For each temperature, samples are: total lysate, supernatant, and pellet, respectively.

8 AsMAPKI (A) 1 AsMAPK2 (B) ERRIARREFSRERR
Fig. 8 Expression and optimization of induction temperature for ASMAPK1 (A) and AsMAPK2 (B)
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A~C-AsMAPK1 &H AT IPTG &WKEE5 418 0.1, 0.5, Immol/L; D~F-AsMAPK2 HE [T IPTG K459 0.1. 0.5, 1 mmol/L; 1-7%
WA SRR 2-TWIEFAEW; 3-AsMAPKI2 RiFSEH; 4~6-FF 4h 2. LE. JUiE; 7~9-5% 8h &8 . L. Jlig; 10~12-%
F16h &H. i, UTiE: M-Marker.

A-C-AsMAPK]1 induced with 0.1, 0.5, and 1.0 mmol/L IPTG, respectively.D-F-AsMAPK2 induced with 0.1, 0.5, and 1.0 mmol/L IPTG, respectively. 1-no-load induce
the whole bacteria; 2-no-load induction of whole bacteria; 3-AsMAPK1/2 did not induce the whole bacteria; 4—6-induced complete bacteria, supernatant and precipitation
for 4 hours; 7—9-induced whole bacteria, supernatant and precipitation for 8 hours; 10—12-induced whole bacteria, supematant and precipitation for 16 h; M-Marker.

B9 AsMAPK1 f1 AsMAPK2 EH&IEFSHEK IPTG REIRR
Fig. 9 Optimization of induction time and IPTG concentration for expression of ASMAPK1 and AsMAPK2
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1-uninduced total lysate; 2-induced total lysate; 3-Soluble fraction (supernatant); 4-insoluble fraction (pellet); 5, 6-Column flow-through; 7—13-Wash

fractions; 14—21-elution fractions; 22-concentrated purified protein (after ultrafiltration).

10 AsMAPKI1 (A) & AsMAPK2 (B) EH4it
Fig. 10 Purification of AsMAPK1 (A) and AsMAPK2 (B)
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Fig. 11 Subcellular localization of AsMAPK1-GFP and AsMAPK2-GFP recombinant proteins
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Fig. 12 Validation of kinase activity of AsSMAPK1 and
AsMAPK?2
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