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Abstract: An antimicrobial peptide (SAMP) derived from Microcitrus australasica can not only reduce the concentra-
tion of Candidatus Liberibacter asiaticus (CLas) in the infected trees and reduce the symptoms of the diseased trees, but
also induce innate immunity and prevent the infection of Huanglongbing in healthy trees that are not infected with
Huanglongbing. MaSAMP was analyzed by functional structure, subcellular localization and phylogeny. The results
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showed that the open reading frame (ORF) of MaSAMP was 201 bp in length, encoding 67 amino acids. The molecular
weight of the corresponding protein was 7.59959 kDa, the theoretical isoelectric point was 5.38, and the instability in-
dex (Instability index (II)) was 33.22. The aliphatic index was 87.16%, and the grand average of hydropathicity was
-0.09, indicating that the protein was a hydrophilic one. The protein contained one Dabb domain and was predominantly
structured by a-helices and random coils. In terms of evolution, MaSAMP was phylogenetically close to the
stress-response A/B barrel domain-containing protein CISIN 1g033887mg from Citrus sinensis and the A/B barrel do-
main protein HS1 from Citrusxclementina, with protein similarity of 97.01% and 91.04%, respectively. Subcellular
localization results indicated that MaSAMP was localized in chloroplasts. Furthermore, through homologous recombi-
nation, a pCAMBIA1300-35S.:MaSAMP-EGFP overexpression vector fused with an EGFP fluorescent tag was suc-
cessfully constructed, and transgenic citrus plants were obtained using agrobacterium-mediated in planta transformation
technology. This study would provide a material basis for subsequent research on the biological functions of MaSAMP.
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F/R (1), i PCR ¥143k715 MaSAMP H:[A .
PCR WK ZR J: JCRE7K 20 uL. ¢cDNA2 pL., I/
T4 1.5 L. PrimeSTAR Max Premix ( 2x )
25 L, NFERFHN: 98 °C 3 min; 98 °C 10s,

55°C 5s, 72°C 12s; 72 °C 5 min, ¥ W5 uE47
B UKAR I =y, ISR (Magen ) 30 &
|l 5 45 . 434 Blunt Simple Cloning
Kit #F47 TA FEkE, B PIS™4) 2 pL, JTCHE K 2 uL,
pEASY Blunt Simple Cloning Vector 1 puL, 37 CJx
W 10 min, $Fi%E$" )% A\ Trans1-T1 Phage Re-
sistant Ji& 2 255 PR S TAE & EINA 250 uL JoHt
LB # A% EiR=4d, 200 r/min, 37 ‘CHiFE 1 he
PR R T 50 pg/mL 2R HFHEEMN TR LE,37 C
8 5557 12 he PRECATR VR ST PCR, KR
“} Premix Taq 10 uL . M13F/R %% 1 uL 54 2 pL .
JowR 7K 6 pL, 380 5 HL TR I 5 k228 P TR )

x1 5l9F%
Tab. 1 Primer sequences

EIR7E2 F1FE (5-37) i
Primer name Primer sequence (5'-3") Usage
MaSAMP-F  ATGTGCTGCAACAGGGGCAAGA J:[H 7a [
MaSAMP-R  CTACTAGTACAACTCAGACACG
MaSAMP- gagaacacgggggacGAGCTCATGTGC gk {44 2
Sacl-Sall-F TGCAACAGGGGC
MaSAMP- getcaccatctgcagGTCGACGACACG
Sacl-Sall-R TACAGTTGTCGGTTTGTAG

pcambial300- ATTTGGAGAGAACACGGGGGAC i3] 4
GFP-F

pcambial300- AACTTCAGGGTCAGCTTG
GFP-R
e ST 5 NG RN R IR
Note: The lowercase letters of the primer sequence represent
the homologous arm.

1.2.2 MaSAMP A B A 413 &% 547 FIHTEL
M NCBI f) Conserved Domain ( https:/www.
ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi ) 7E£& T.
BEWRHNWERMW IR, {1 ExPASy
( https://web.expasy.org/protparam/ ) 7£ £& A4
[} ProtParam T EL.5r#HF MaSAMP & F BALPE T .
{#i FH SOPMA ( http://npsa-prabi.ibep.fr ) 7ELREAF

T H: — 2 2544 . i ] SignalP-5.0( https://services.

healthtech.dtu.dk/services/SignalP-5.0/ ) 1£ £ 4k
T2 25 A9 A5 = BK, £ TMHMMC( http://www.
cbs.dtu.dk/services/TMHMM ) 7£ 28 4k 44 Fi il 25 1
[ B 74 . #E NCBI %4 i rh 4T BLAST, £
ISP 1T 5l T DNAMAN 9.0 # 3

TTERAZHETH X, i H MEGA 11 84, RH
R FAEERGEREW .
123 #pid Rk BRG Mol F 4L I
Sacl . Sal I X} pCAMBIA1300-EGFP J5ihii#47
WHEFD, N4 37 °C 1.5 he DL EIE
I pEASY-T1-MaSAMP JFki R #i b gk 471 H i)
B KRR R JCIEUK 21 uL Bk DNA T pL
L/ 51945 1.5 uL. PrimeSTAR Max Premix
(2x)25uL, MW EAMHR: 98 C 3min; 98 C
10s, 57°C 10s, 72°C 12s; 72 °C 5 min. i
e Pk I H R B, R RNR AL s,
H W BEFEE Y= YA 7 2, 38 Ok %
Ber= i A\ DHSo KIGHAFIR, Y50 A e & R
RN LB TR b, 37 Cladiiss. BRHUAR
FV5 5 TR PCR B0 E,  BRECSH I B v -
T 2024 4F 8 J1 15 BRI 50 4 () Fp 36 Fh T 48
BIAEZE, T 26 CRM S 155 4~6 B, BT
JE AL, #aAk S s BT gk, 1
IO K 285, ilid LUYOR-3415 3 &6 TRt
ARG
124 TmppEis  EFEEEIR 60 d 2240 WA ARG 52
AR O, 2 R B U IR AR S AR A
AT 8, iz PEG /SN Bk pPCAMBIA
1300-35S::MaSAMP-EGFP %% 1k 2| ht 475 J5 21 i 74
Hr, 1557 12 h 5 TO0 BB T ES0 .

2 HR5HH
21 MaSAMP ZEHEUMMREEHWS

i i EXxPASy 1EZ A H 1) ProtParam T H X}
MaSAMP & B A M T A, 45 R B os,
MaSAMP FEFH 67 NEIEMRAL, HAHX 5T
oM 7.59959 kDa, LSS &k 5.38; HARE
18 %0 ( instability index (I )) A 33.22,
GASTEIGER %P Mg R 550N T 40 HY 2R 1 i
MWmtaE, RzWif2AfReE®RD, £H
MaSAMP m @ & 1 ; BE Wik & 5L R
( aliphatic index ) 4 87.16%, #Bi%Z%& Mg 7%
RAEM T EE; FBPEKEE (grand average of
hydropathicity ) “&-0.091, UiHHZEHEA —E
RSE AR . i ExPASy 7EZ3 47 Y ProtScale
TEXHGAKEF T (B 1A) L3, %6 8.
9 (v LRI N RARIME-1.267, 45 54 i G 5L
HA s 1.267, HAEERS il T 0B, S
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MaSAMP [ — 25k (B 1B ) B, %
FF3&5 A 34.33% a-12 € (alpha helix ), 32.84%7G
FR i ( random coil ). 25.37%E 1% ( extended
strand ), 7.46% B-¥5ff (beta turn ), MaSAMP &
H =g (| 1C) B, H QMQE {58
0.67, QMQEN {H 5 0.61+0.07, — &Mt N 77.42%,
ZERIWER R R, o o-IBE . B-RE AR . ORI
& M FLE (P B A 5 2s AR 42

SignalP-5.0 HFFlI 25 S /s 1% R AP AE
FF K CEND ), RHARZ S WE . TMHMM
A EA T R 0T S R 5 O R i AR R R B
FEEH (K 1E ),

FIHH NCBI ) CDD %4 4% MaSAMP 5
PREFES G T A 4R (B 1F), RMHEA 1 4
Dabb ( stress responsive A/B Barrel Domain ) {#5F
45t 3k, J& T ABM ( antibiotic biosynthesis
monooxygenase ) KK

A 15 Hydropath./Kyte & Doolittle D [ e 553
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| : \l -
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s 0 A D L
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—oRE Ak pFess  — A —— Transmembrane Inside Outside
C F
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$#5E VLA (Special hits)
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A FORPETIN; B: “REGHHI; C:

=R D

FORT; B ESREHUN Fo DRSPS

A: Hydrophilicity prediction; B: Secondary structure prediction; C: Tertiary structure prediction; D: Signal peptide prediction;
E: Transmembrane prediction; F: Conserved domain prediction.
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Fig. 1

22 MaSAMP EHZRLZELEN
EATHIEXT (F 2) X8, MaSAMP Lt
#& ( Citrussinensis) Wi i A/B AR 4544 3ok 2
4 CISIN 1g033887mg ( KDO72075.1), 5 L& T
1% ( Citrus x clementina ) A/B #fi:tk 25 #4558 & 111 HS1
(XP_006419297.1 ), &t MrE N, A/B AR &S
Fysk 1 HS1 ( KAH9683996.1 ). W2 ( Citrus

Analysis of physicochemical properties and protein structure of MaSAMP

x changshan-huyou ) WN943 028324 ( KAK9179
126.1). 4 ( Melia azedarach ) Wi A/B
IR 45 #4381 25 11 ( KAJ4721944.1 ), Nk I AS K
( Alnus glutinosa ) JipiE e 17 A/B A R 25 44 Bl 2 1
HS1 ( XP_062178246.1 ), # 7 ( Chenopodium
quinoa) WAL, A/B HRRZEML HS1 FEE
( XP_021762050.1 ) AHLEE 435 2 97.01% .
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91.04% . 89.55% . 86.57% . 85.07% . 82.09% . FIEE M, %E A 5B, A/B IR EE

82.09%. FRGALF M (K 3) RHZAMFH
MG LA LR . MR R 5 A MaSAMP

% 4 CISIN 1g033887mg ( KDO72075.1) M3
GRFEIE

{18 VS|IIENLHQGF|TH <
ONVSIHENT HQGFEITHIME[ES!
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SEEGVAE Y|

MaSAMP
KDO072075.1
KAH9683996.1
KAJ4721944.1
KAK9179126.1
XP_006419297.1
XP_021762050.1
XP_062178246.1

B2 MaSAMP ZBMZF 3tk xt
Fig. 2 Multiple sequence alignment of MaSAMP protein

MaSAMP
492[ KDO72075.1 Citrus sinensis
XP 006419297.1 Citrus x clementina
KAH9683996.1 Citrus sinensis
KAK9179126.1 Citrus x changshan-huyou
XP 062178246.1 Alnus glutinosa
XP 021762050.1 Chenopodium quinoa
KAJ4721944.1 Melia azedarach

58

61

B3 MaSAMP ZERMRLERESM
Fig. 3 Phylogenetic analysis of MaSAMP

2.3 MaSAMP EE =&
PIMRFE T - cDNA WA 4T PCR §714
RAF—25 201 bp By (K 4), EdHR PCR\

10 20

I P 36, DU 45 2R R 3RS — B K B 201 bp,
Gty 67 RIS (K 5), RPIEN
TR o

M 1 2 3 4 5 6 7 8

bp

M: DL2000 DNA marker.
B 4 MaSAMP HFE &
Fig. 4 Cloning of MaSAMP
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1 ATGTGCTGCAACAGGGGCAAGGATGTGAGCATTGAGAATCTTCATCAGGGTTTCACTCAT

1 M CC N R G K DV

S I E N L HQ G F T H

90 100 110 120

ATTTTTGAATCTACCTTTGAGAGCACAGAGGGTGTTGCAGAGTATGTATCTCATCCGGCA

E GV A E Y V S HP A

150 160 170 180

CATGTTGAATACGCAAACTTGTTCCTGGCCAACTTGGAGAAAGTTCTCGTGATTGACTAC

A NL E K v L Vv I DY

B 5 MaSAMP EEFFIREFHBHIER

Fig. 5 MaSAMP sequence and its encoded amino acid
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41 H V E Y A N L F L
190 200
181 AAACCGACAACTGTACGTGTC
61 K P T T V R V
24 MaSAMP S RZHEHERHBRERE
&R ST E T

I Sal 1 /1 Sac 1 i} pCAMBIA1300-EGFP
HEATAURYT , 3545 1 2BV 5 2P 25 (K 6A ),

H i 3 PR 5 R AT 32 5 e AR AT I DHSa,
FIHEAA FR9514 (1300-35S-F/1300-GFP-R )
T PCR 315 1 2% 402 bp 557 (K 6B ),
TRV HEA TIPS 0E, 45 R won gk imA T 1
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BrK N 201 bp W)F5, FEH pCAMBIA1300-
35S::MaSAMP-EGFP jif ik # A #E R 2 .

FHARFT A S0 E A e, i R AT
EHA105, F 4 2 i Ty 1) 75 20 28 1 e 1k 28 A 4
o RATHIRYLE 3R 4~6 JEXT BT 28 gEA 4G
FI I Z2ik A FHE4H (9 EGFP G281k
JCA, FE 440~460 nm 4 GRG0k 1) AL R 2
AR (B 7)o

M1 2 34 5 6 7 8 9 10

402 bp

A: BEUISIE, 1: IOBERL, 2. FEUISIM ik,
B: KM AT PCR B, 1~8. 10 563 ATl 1 K T 5 B
W, 9 5 HKIELILAI %, M: DL2000 DNA maker,

A: Enzyme cutting to examine, 1: Circular plasmid, 2: Enzyme
digestion successful linear carrier; B: PCR verification of Es-
cherichia coli bacterial liquid, No.1-8 and No.10 were successfully
verified Escherichia coli single colonies, No.9 colony verification
failed, M: DL2000 DNA maker.

Ee6 #HiFeE

Fig. 6 Vector construction

Bright Chloroplast

pCAMBIA1 300-EGFP

CAMBIA1300-35S::MaSAMP-EGFP

10 pm

FERERIAE R JEREHE R R

B 7 BEEEHRKENER

Fig. 7 Detection results of transgenic plants

2.5 MaSAM P I 40 ff1 7€ {5 53 #7

PRl G e tE N (EGFP) B pCAMBIA
1300-35S::MaSAMP-EGFP Jfi ki 5 A M 47 J5 2 o
PR IEAT 040 ME AT, R BB Uige
455 7%, MaSAMP-EGFP 7554 Bifk b i oh %
ik, JRAR TR SRR ORI B T MY EGFP
6055 (| 8), F£I MaSAMP & 1 E A T
VNS

GFP Merged

B8 L4HAERE LS 4T

Fig. 8 Subcellular localization analysis

3 it

HUANG 25U O0g 3o 21 2 /3 e 70 IR A5 1 vh 36458

VU K HE N MaSAMP, I8 i J5 A% 2 ik 31 15
MaSAMP. 5 X Jg Gt o e i RH A7 A9 MG R S5 5
B, Rk 14 A4S H B SO bR e AR 25 R 3R
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W, MaSAMP X B e J i HA R AF B KR BESS o
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MaSAMP JEH , XTI AT 43 HT
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MaSAMP NEaEHE H . BN LR RN
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A RSFE 9388 Dabb ( stress responsive A/B
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phratica ) AY# 4Kk 522 1 ( heatshock protein 90,
Hsp90 ) F¥Efiz BB H 1 ( hydroxyproline-rich
glycoprotein, HRGP ) H1/k #l Dabb 454k, 2 1
EHWZSS TP LM A IV . Dabb J5 8 H#
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