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S5 DGCs i), i8N c-di-GMP W JE T, &
U EPS J7 it A WIIETE R AR TR A B A AR
FRRE S 3, B Eh RS Ak, c-di-GMP
A RE 7E AR R TR AN AR A b A A R b R R T AR
FIUO. QUM N AEE B S c-di-GMP A 185 KA AR
KA, A0 5r R SRR IAME R (DGCs) F
fik —WEHF(PDE). DGCs i % 1547 GGDEF 4543,
AEHE 2 40 F GTP #1k A 1 40 FHY c-di-GMP; PDE
4 EAL 8% HD-GYP Z5443, " c-di-GMP
Bt GMP 20 pGpGl'. i A A7 75 £ R 17
c-di-GMP W E IOV B, 45 & A PIlZ B8
GIL Z5#38 8 1 . IR1L 1Y) GGDEF Z5#3 . A% 4
PRIF AN T i NS R ik, 2
A A AR

£ R & 18 4 AR E Bradyrhizobium
Japonicum F& R FALE 55 45 c-di-GMP {5 54
K, HAEPIEAMRIENE S. melilosi Rm1021
A 20 4 c-di-GMP 5 EA", AREFTITE
0, 7E Mesorhizobium huakuii 7653R FIEALE 36
A5 c-di-GMP 55 HHCE T, T EA T A
DGC. PDE %1, £15 c-di-GMP RIS FE),

TR ZEF, 7653R MCHK-3535 R[N | iRk
10 £, PIUAS S5 A H5E 7653R MCHK-3535 &
PRUE AR B R R I T RE , rBIAEE T 7653R
MCHK-3535 3£ R AR (43535)  FE K (OV3535)
MHAMNFER(C3535), W& RRTE B A4 LIt %
R TIRE

U A
1.1 ¥

L1l Bbk. BURLRIBEFREE: P RGO AN BORE DL
% 1, MW (Mesorhizobium huakuii 7653R)>% H
TY Higedk, TRk BIRNER ] AMS Higrdk, B
FE5AMHE 28 °C s KHT 1 (Escherichia coli, E. coli)
K LB Higedk, HEigracfie 37 °C.

1.1.2 MMl B 9(4stragalus sinicus)Fi-
RfRE—S, WAMMA M.

113 FEREFIAE: REEN I St
fi# \RNase inhibitor I H Fermentas 23 ) ,pMD19-T
(simple), DNA #4%iIli F TaRaKa Zv+], PCR
AEOGRF] . BAE RS FR UK Marker W H ZR B Wl 5

1. AL =R AR

Table 1.

Bacterial strains and plasmids used in this study

Strains/Plasmids Functions/Antibiotics Source

E. coli DH5a Host of recombinant plasmids This lab
E. coli S17-1 The helper strain used for conjugation This lab
M. huakuii 7653R Wide type of Mesorhizobium huakuii, Str* This lab
43535 In frame deletion of MCHK-3535 from 7653R, kan" This study
oV3535 7653R pBBRIMCS5-MCHK-3535, Gm" This study
C3535 7653RAMCHK-3535pBBRIMCS5-MCHK-3535, Gm" This study
pMDI19-T (simple) TA cloning vector, Amp" TaKaRa
pK19 mob Mutant strains construction vector, Kan" This lab
pK19-MCHK-3535 pK19 plasimid containing MCHK-3535 gene fragment, Kan" This study
pRG960 Promoter expression vector, Spe’ This lab
PRGI60-Pyicnk-3535 pRGI60 vector containing the promoter of MCHK-3535, Spe’ This study

actamicro@im.ac.cn



TFHIESE | MEY IR, 2019, 59(3)

501

PUAR | BB OCEE Iy AR iR 4
2545, AWFSE T PCR 51194 BRI DNA fY
WP T A IR — WA B wEA T 5 2
PCR 1%}y ABI Step One, “SAH{Ai%{X GC4000A.,
1.14 5% AT ILE 2, 519581
Primer 5.0 24 1% 1t
1.2 AEYERES

FIF NCBI M4k HSLH 74, SR 5
i identify Conserved Domain [ 543 # #8251 1Y
TRAFESARIT T AL A 1 A D)6 5 S8 BLAST L
POE O bR = I S N RS G = IR
FIFH MEGA ARG LB R .
1.3 qRT-PCR M B WEREAE A KRILETHIFR
KR

BREMTARMNEFEKES, TR

B b, BT 22°CHlRERF 3d, HERK

AR b, PR — B
W, AR R AR YR 7653R, A
FJE 12, 15, 20, 25, 30, 35, 40, 45, 50 d f¥
MR, P L & ARV & A A 4500 F 7653R

H) RNA, FE R cDNA, LIfS 3 cDNA
N, LA rnpB NS EERMEOEE & PCR,

qRT-PCR JZ W 240 : 95 °C 5 min; 94 °C 30s,
60 °C 20s, 72°C20s; 40 MEH, 72 °C 5 min,
=Sk gekl# ] SYBR Green, 23 #r AT Rk &=
K AACH R TT 5 o

1.4 B FHRRIKENMIT

1.4.1 MCHK-3535 J33F-GUS RiAREERMAKH
¥ : I\ NCBI ¥4 PE 38 B MCHK-3535 )i 8 1%
1|, LA 7653R jsk DNA At , 42514 MCHK-3535-
P-F/R PCR ¥'#§ HAHY B, &iE#H:F pMDI19-T
(simple). My, BEESEETE, % HBh BOEiEs|
A& pRGI60, 14 i fill 5 3R 18 2 /& pRG960-MCHK -
3535, FRHLEALE]NE T 7653R,

142 GUS A BHWE.: PhiLEnEf¥, £
KB, T R 3R, 22 °COLIREE IR 2 d,
WKERTEYBETLED Y, FRIESE - E
HF, 425 7653R (pRG960-MCHK-3535), 435k
B 3. 7. 9. 14, 21, 28 d UREIART AL,
GUS 4t 34 h 7, 7ERMEE TSI,

z2. WRFTASI
Table 2. PCR primer used in this study

Primers Sequences (5'—3") Restriction sites
MCHK-3535-F GCCTTCAAGCGGTTCTACTACG Hind 111
MCHK-3535-R CCGGAATTCGCGGTGCGGACGTTCTTCT EcoR 1
MCHK-3535-y-F CCGCATCCGGTCCAAAC

MCHK-3535-y-R CCGATCTTGGAATAGACGCTTT

MCHK-3535-ORF-F CCCAAGCTTTCGGATCCATTTGATTTCTC EcoR 1
MCHK-3535-ORF-R GGAATTCCTATGCTTGCGTTTCGC BamH 1
MCHK-3535-p-F AACTGCAGGTGAATGCAGGTTGGATGGA Pst 1
MCHK-3535-p-R GGAATTCTCATGAAGTCCGCCCGG EcoR 1

MCHK-3535-q-F
MCHK-3535-g-R
MI13-F
MI3-R

CACAACTGCACGCCTATTACGG
GCGGTGCGGACGTTCTTCT
GAGCGGATAACAATTTCACACAGG
CGCCAGGGTTTTCCCAGTCACGAC

http://journals.im.ac.cn/actamicrocn
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1.5 MCHK-3535 EEGALRAR, MRERE
#INER AR R A

1.5.1 A3535 RAKMFFESEE: FIH pK19
mob FRAZ I A TE I kY, K MCHK-3535
LB A AL DL 7653R FEK 4] DNA WA,
K MCHK-3535 F/R 514, §"$#% MCHK-3535 [}
WRACHRE B Wi 4 304K pMD19-T (simple),
WP A 5 22k SOV S5 ARE) pK19 8k
12, 153 Bk pK19-MCHK-3535; A4k E. coli S17-1,
LWRALE GRS, MRRAI T AMS+Str+Neo -
Me b, 251% MCHK-3535-y-F/R }% M13F/R i i
E4bT, JEHT PCR BFE AR,

1.5.2 #BFiEO0V3535 R HE b C3535 Btk AIMER .
DIARZEAMIE TR 7653R JE[F4] DNA it , H
MCHK-3535-ORF-F/R 5|4y, ¥ 14153 MCHK-3535
FEDR e A FE TR EAE . AU IS0 5 )RR 3L
L2 /4 pBBRIMCS-5 %, M@ Rik%
& pBBRS5-MCHK-3535, ¥ 1E#f 5 251 7 S5 A
A, o3 A A ABF AR 7653R K
RAMK 7653RAMCHK-3535 W, Bkeisti T&A
PRI R FAR b, B8 T 28 °C Bifeffd, K
3% 3-4dJ5, UL MI3-F/R ~514%), PCR ¥k
AT

1.6 fEYERTE

PRIE SR R R ¥, R KW 5 Pl TR BUs
P b, BT 22 °C LR SRAA P EIE SR 2 d,
KR TR, R RmRKHSE R
L, A4 A R 7653R \RASRH B A3535,
HFRIATER OV3535 M HAMFER C3535, LAAHE
B ZS XTI, IOBE TS 25 d MY, gt
Y A TR 58 A (AR 0 110 3 4B o | AR R
e o e [ R TG A
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1.7 AR, B3t R YA BT E

MG L EF AR 7653R | RARIR 43535, MR
ik OV3535. HAMNEKR C3535, W TOA TY B
FRIEH) PA R, 28 °C HEIRIRRISE 2-3 d A,
P 1% E RS & 50 mL TY B33, 28 °C,
200 r/min FEEH, A 4 h BRI, W5E Asoo AEAY
OD e, B IEIFAER 7347

B BPERIN 5 19275 SCHR[21] MR ODioo
2955 0.5 B, HU2 L FEW ST 20% TY [k
FEFREEGE 0.3%IR), BRIRAE 3 DEK, Pk
BT 28 °C BEFRMIHE IR 3 d, XPEARAT BEIE SR,
1A R4 GIMP version 2 M1z 3 A% .

A W IBETE IR I 12225 SCHR [22] 0 T TR
WEE, 1 30% MM FiFRJEfR: OD fH#2 0.2, B
100 pL #2500 TR LM BT 96 fLkH, 28 °C #
B 3 do SRRSO ddH,0 5 UE 2 i, 2218
JIA 1% 200 pL 45445575, ## & 30 min J5 3% |
T, ARETFKME 3 K 96 fLikUE L ARG EY
IS FR) 258 2R VAT o I 100 pl Y 80% JE/K ZE-20%
NI, DE Asro, 15 HAE As70/ODeooo

2 ERFAH

2.1 HEYERES

UG BT R, MCHK-3535 3 &K
1542 bp, 4wf% 513 K2, 4% HD-GYP.
HTH-LuxR F1 DUF3391 = ANgEtbi(& 1), H
HD-GYP 253 J&E F 11 Y c-di-GMP B /K i i
FEZ Y c-di-GMP [FEM#; HTH-luxR Z5 58
TG SRR -, W] DL R 5 L,
FE 240 T 5 AR ) 0 3 AR e AR vl B AR
Jil; DUF3391 #Z% H T HIREAR K
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1. MCHK-3535 EHRTEHE T

Figure 1.

43511 BLASTp #l BLASTn 6%, Fefi1&
MCHK-3535 [ [F I8 & LT R AE T 18 R R
Je8 TRl (Mesorhizobium)™ , H AR (>90%), {H
VAR B3 R P8 2 1A HAB AR 1R R P A A
1o [, RN, ZEJRE e R AR
RAETE , (BAIUE M (<40%) , TN Streptacidiphilus
Jjeojiense Fl Rhodococcus aetherivorans % . X4 [q]
Vi 2K (1 #0 bR T & HD-GYP 45 44 38 2 11 (HD
domain-containing protein).

A MEGA 7.0 B HE R G (B 2), ]
RER, MCHK-3535 W[RIIRE F7- M PifR, —ik

Putative conserved domains of MCHK-3535 protein.

A ARACLE 55 v P8 1 A KRR 1 R (Mesorhizobium)
H5 A B AR B9 [R50 R il s 53— A
AR BRI ARV & o (M, MCHK-3535 [
A RS A MR T DR

22 WBEEREIRPHERZHSRIERE

& 3 [ Hl, 7653R MCHK-3535 J:RAE [#
AT AT Rk, HpfE 25 d RikERE, &

HAAMER 16 £, X5 A7 % S 80P 2 — 3K
B, BEfGREB S N, FaTRE. Wl
MCHK-3535 SERAEILA B A i Fe v & HE 2L
TIHE

Pseudonocardia thermophila (WP 084754307.1)

81
62 { Glycomyces arizonensis (WP 026925217.1)

97 L Solirubrobacter soli (WP 028067629.1)

100

100

72

96

95 { Streptacidiphilus jeojiense (WP 051726210.1)
65 j j

Actinobacteria (WP 009074551.1)

Rhodococcus aetherivorans (AKE92448.1)
Rhodospirillales bacterium URHDO0017 (WP 092826407.1)
Defluviimonas aquaemixtae (SPH17464.1)

Mesorhizobium sophorae (WP 095081838.1)
Mesorhizobium opportunistum (WP 013893175.1)
Mesorhizobium japonicum (WP 010910580.1)
ﬂ‘: @ Mesorhizobium huakuii 7653R (AID31338.1)

Mesorhizobium loti (WP 027047081.1)

0.05

2. MCHK-3535 REEBM RS A BH LR

Figure 2.

Neighbour-joining phylogenetic tree of MCHK-3535 homologue proteins. Numbers in bracket represent

the sequences accession number in GenBank. The number at each branch points is the percentage supported by

bootstrap. Bar, 0.05 sequence divergence.
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Relative transcript level

~

oﬁmmﬂ JIAAR
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t/d

E 3. 7653R MCHK-3535 £F B4 K4 RERTEAz

Figure 3. Transcript expression level during different

periods. Data presented are meanststandard deviations
of three independent experiments.

2.3 MCHK-3535 2 H g sh FHRRFBEN

M NCBI H55] MCHK-3535 5[5 13 5 7 ¢
5, MEE TG . )G sl A Bk
B N 7653R JEAZ A, ARG 7653R (pRG-960-
MCHK-3535), P8 nJetiY#iak, 1§ 7653R
(pPRG-960-MCHK-3535), 43 | BUAS [] 4 B K %%

CK

pMCHK-3535::GUS

PRI ER, GUS et , Jufm 3-5 h, Mg
(K 4), ZE5R PR MCHK-3535 H:H7E R{E Yy
HFEARRIB(E R R REoR), 7255 7 KAEHhIHR >
wmEIK, B9 RKEHHRKERE, ERERRR
DX, 2 P DX % [ 0 DX 4 AT AR 314 0 1) GUIS il
PE, RIBFREBEA A, 5 RIREE N SRk 1 il
45 S AH— 3%
2.4 A EARERW AT

9T BFFE 7653R MCHK-3535 J R X 4= [
RETA W, A EE T MCHK-3535 JEH FAg
il AR A T653RAMCHK-3535 , [A) i F 4t 1k
Fik OV3535 AN C3535 Wbk, HEHEEHH
HERGI AR, ZRRV(E 5), 25X
(NEFDED M 6 KRN, R4
7653R MR R ks, KFBIEHR | HURHLL
o, FERNRARIRIY 5 = AR By, gk
o, HURBLLE . BORHARIEIS, Hfhi
RIKMER T G ERML KA T B ER, #
FE AR TR AR 1) 55 2 S AR ) R B A T B A A 5 58 AR
PRZ (8], RIS A 2 B A AR A

4. MCHK-3535 R sh FHRAREER D
Spatial pattern of MCHK-3535 gene expression in nodules. A and E: nodules of 7 d for GUS staining
observation; B and F: nodules of 9 d for GUS staining observation; C and G: nodules of 15 d for GUS staining
observation; D and H: nodules of 28 d for GUS staining observation. D and H: Bar=500 pm; A-C, E-G:
Bar=50 pm.

Figure 4.
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B 5 EYENEERDE
Figure 5. Symbiotic phenotype induced by strains tested on Astragalus sinicus. A, B, C: from left to right are
plants inoculated with CK, 7653R, 43535, OV3535 and C3535.

PGP A R SRR R S B ANA
R ) b B A R MR . AR A R [
RETE . R 3w, SHFAERY 7653R MHARAALL
GEAS VAR e b, b 9 436 T A [ RS 1 T
=(P<0.05, n=9), HLJEER M w481k ;
A 5 B A BUAH LA B 22 5, B AR

SRR TH AR MG RZ ], AlER KA 2
B A PR
2.5 MCHK-3535 BRI AR K S A W TR A
FI R Wi

H A SCHR[20], A SC4r BN AE T 7653R 43535,
OV3535 F1 C3535 Wtkry A K T4 s sh itk S A W)

% 3. M. huakuii MCHK-3535 R 4 RE
Table 3. Symbiotic phenotype of M. huakuii MCHK-3535 gene

Strains Fresh weight of plant/(g/plant)  Number of nodules/plant

Fresh weight of nodules/ Nitrogen fixation activity/

(g/plant) [umol/(g-h)]
CK 0.123¢+0.090 0 0 0
7653R 0.561b+0.035 27.780b+3.901 0. 039b+0.006 15.650b+0.869
43535 0.682a+0.060 22.778b+3.150 0.0373b+0.003 23.460a+0.798
OV3535  0.522b+0.110 28.789b+2.030 0.031a+0.002 15.660b+1.265
C3535  0.561b=0.110 31.667b+2.080 0.035b+0.004 16.560b=1.747

*: The date is average of three replicates. a, b, ¢ values in each column followed by the same letter are not significance difference

(P<0.05).

http://journals.im.ac.cn/actamicrocn
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JEEAE 1Y, RARTE MCHK-3535 JERIXF i H B2k K S
AR, MXTFEAR 7653R, A kil e
AR RI(E 6), 43535 FE2 40 h J5 #E AT B K
W, AR R, ERSE MR A RS I T2y
30%, AR IK S H AN PR 9 A6 1 i U T P A A
FE(ETAE K RS2, ATRER A THUAE R
W), P68 MCHK-3535 SRR848 T Witk A &
AR AR B s 2 M e 25 SRR W (A 7

15¢ —=—7653R
: —e—A3535
——(Q0V3535
121 —+—(3535
09r
S 06F
03r
0.0 |
0 30 60 90 120

t/h

6. MCHK-3535 B FE 3 EHRE KR F 0
Figure 6. The impact of MCHK-3535 gene on cell
growth

(A)

® 0 0 o

C3535

7653R A3535 OV3535

M 8), 43535 IR A PIIRIE U BE 7tk 255 1 5t |
iz B LR FE LR (P<0.05, n=6), HAMFKIIA]
i S IR L 32 SR TSIt i B SN} /T T et
b, AR R MCHK-3535 JERIBR 28748 )5
WA B L SN 5T 23 Wb /b, ANTITREAER 1 TR Wk Az
Btk

2.0

[ a

S 16}
)
2 b
T 12}t be
8 ¢
3
g 08}
S
£
S 04
m

0.0

7653R  A3535  OV3535 (3335
Strains

[ 7. MCHK-3535 5 F X} & ik 4 H) B B B 5200
Figure 7. The impact of MCHK-3535 gene on biofilm
formation. The date is average of three replicate. a, b, ¢
values in each column followed by the same letter are
significant difference (P<0.05).

B) 7~
Z 6 b b b
g 5 a =T T
8
84
=
.é 3
.; 2
w2
1
7653R  A3535 OV3535 (3535

Strains

8. MCHK-3535 £ E 3 EHKIZsh 4 H9E 0

Figure 8.

The impact of MCHK-3535 gene on swimming ability. A: the impact of MCHK-3535 gene on the

phenotype of strains; B: Analysis of halo sizes of strains. The date is average of three replicate. a, b values in each
column followed by the same letter are significant difference (P<0.05).
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3 w3

AR A #E M. huakuii 7653R )
MCHK-3535 BERIZABIK, ST IR 5 = -
7653R A [F A MR . MCHK-3535 PR 1
S Bk R [ AU TS S B, qRT-PCR A4S i
7N, MCHK-3535 76 A A 56 TV Rk, TTE
A S FReak it AT R (K 3). IkAh, R
JA BT B (Pucik-3535-GUS) R G L, &
I MCHK-3535 3 TEAVRIE I R 0h 0k
H—HFFE 8 M w2 B B, ok, FRATHEM
MCHK-3535 2 [ A BE 38 1o B 42 s (5] 422 400 i e oy
FLACEE TR TE P, e AR [ AU R A T 6
o 18 Y5 RO T AR AR B O A AT
XTI FIA BRI A a5 R . A SRR, AR
XF A B SRS S AR T AR AE S AR R, G SM1021
Hr CLR 2 (A 0T LLE 00 i A 5 515 5 A
(4 55 A% i (cAMP) , 7l ' 3% 3 PR Ay 22 38 (A
SMc2178), S/ MzR& B m Clr 12k
W23 IR LR I 2 2 IR, (A Je 28 (1 25
8 0 R [ R S AT R s (R IZ A S
RO AN S5 M AN 2, MCHK-3535 Ay v]
REEZBIHEMEYESIES, S 9EAF IR
Y R [ R T

A G 228, Fell 104 T MCHK-3535
HIZEF 5O RE R PRFYE . MCHK-3535 4nfiS & A
5 3 MRSFEifsk, Hrb, HD-GYP 45l
1)@ TR K i HD 5K, A% o-di-GMP R A
KWIArFI GMP,  H B FERLYE I B %
Z~ HD-GYP 5tSiEEr, flan i BIE W
RpfG & —FhihiR —MelE, wIFEM# c-di-GMP J il
PR IR ARERY, HATC &M HD-GYP 254
S RS , R I R AL TE M TR AR

BTSSP 8RN, KRB R, MCHK-3535
R & A B BTERR T Mesorhizobium VIAh
(R LA AR T v, DA S R AR R
KR B W R R AAAE O DRSS &) AndF
1T Mycobacterium sp. FRIFIREF, S IEE
(B A PO LA MCHK-3535 BRI 7EAR I
HH I 431 Je B e AR AN [R)ARAE: 9 v B AR AR 30 7Y
PR, FRATTHE DN 235 D9 AT B 2 3 o 3 R K P
B iRAT,

Ak, ARSGRIEF T MCHK-3535 BYORIEXT
M. huakuii 7653R H AR MIREM o A= iR e
ZERFW, AL EA N EON, TERR SN
AP B N2 30%) . H RIS s rEREAL, 2B
PIRAE RIE I 17%, T 7)o o WA A 70 )
7653R 1, MCHK-3535 0] IFIil 45 32 A9 A 4 K
APy, [RIEH A T i . SRR
PR N Y c-di-GMP, 1 3ot P9 A W B J
FOCUL - AT e R R GL, (2B YR AT A5
Jy— MR YR B R, B A I Y
FHREST, WIS s R, X A SR 2 R
B

Kk, FATHEM MCHK-3535 FHE &0
HD-GYP &5 #3 n] B2 516 F A c-di-GMP K
VIR, T 3 3 R S N S M T U ik P Y 3R
ik, 7E 7653R 5 mddt A it i, MCHK-3535
(S0 R P A P 2 B AR T2 s, A i e
Hhths T LA 5 I B B R A, R R AR R A
IR YRR, 2 AR [ U A [ OB -
H2, X SR A AR I B — I S B R RO I A T
RAWGE . MR HATZS R B8 MCHK-3535 £ 11
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Role of Mesorhizobium huakuii 7653R MCHK-3535 gene in the
free living condition and symbiosis with Astragalus sinicus

Yanxia Yu, Zaiyong Si, Xiaobo Zeng, Youguo Li
State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, Hubei Province, China

Abstract: [Objective] To study the function of MCHK-3535 gene in symbiotic nitrogen fixation between
Mesorhizobium huakuii 7653R and Astragalus sinicus. [Methods] We constructed the deletion mutant 435335,
overexpression strains OFV3535 and complementary strains C3535, followed by identifying symbiotic phenotypes,
detecting the growth curve, swimming motility and biofilm formation Besides, we used qRT-PCR and
promoter-GUS fusion vector to detect the expression characteristics of MCHK-3535 in the symbiotic process.
[Results] Compared with the wild type 7653R, mutant 43535 grew faster, decreased motility, and increased biofilm
formation, moreover, 43535 significantly increased the ability of nitrogen fixation and the fresh weight of plants,
while the number and weight of root nodules were not affected, in addition, the complementary strain C3535
partially compensated to the wild-type phenotype, whereas OV3535 had no significant difference in these aspects.
The results of qRT-PCR and the promoter-GUS reporter system showed that MCHK-3535 expressed in the infection
zone, transitional zone and nitrogen fixation zone of the nodules, and the gene expressed lasted for the entire period
of nitrogen fixation. [Conclusion] MCHK-3535 functions in the symbiotic nitrogen fixation process and may
participates in the normal development of nodules and negatively regulates nitrogenase activity.

Keywords: biological nitrogen fixation, Mesorhizobium huakuii 7653R, symbiotic phenotypes, spatio-temporal
expression
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