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Molecular Cloning and Expression of Rice Lectin in Escherichia coli

Sung-Gwan Hong, Sang-Hoon Jeon, Ha-Hyung Kim* and Kwang-Hoon Kong®

Department of Chemistry, College of Natural Science, Chung-Ang University, Seoul, 156-756, Korea
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Abstract — The lectin gene from rice was amplified by the polymerase chain reaction. The amplified DNA was inserted
into the expression vector pET26b and expressed it as a fusion protein with polyhistidine sequences in Escherichia coli. The
recombinant protein was produced by induction with 0.4 mM isopropyl- B-D-thiogalactopyranoside at 37°C and purified by
an immobilized metal affinity chromatography. The recombinant protein was found to have lectin activity by the hemag-
glutination inhibition assay. The hemagglutination activity of the recombinant protein was optimal at pH 4.0-7.0 and was
dependent on Ca?" and Mn?*.
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AAHH Y 7t AN wh thFF 715 AT Atk Ao AFEE) 9% 2 A7t Buda Yok Abrus

Agglutinin®} phytohemagglutinino]2b Sal$-= QL U precatorius abrin, Ricinus communis rvicin-A, Visum album
Age] FEH] JloH, 152 #o|X legume lectins, chitin-  agglutinin®} 22 A& S5 did IS At 72
binding lectins composed of hevein domains, type-2 ribosome- Hal TS 7RG 237 2o ABZHE] 1005 o)
inactivating proteins, monocot mannose-binding lectins, Aol RS 3A8I8lon, o] & 5 B2 HRlEo] leguminosae
amaranthin family, Cucurbitaceae phloem lectins, jacalin- familyell A B2 =AY Legume lectin familys A433] SAF
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¥2](EF: Yamahousi)e} WioFEHA] 44#S] ¥ MEERE Oryza
sative subsb. japonica®] ¢DNA libraryS 212} &A33813ict. Uni-
ZAP XR(Stratagene, EcoR [#} Xho [°. 2 H%ét lambda ZAP
II ve:tor) FIEjE o]@3lo] 2Aslgien, T8 cDNAS ¥
o] ExoRIZ Xho 18] 22 Ao A1ttt A8 3=
10° slaque/wl ©jlem, 2233 $]% polymerase chain
react.on (PCR)®ll AM2-317] $1&t phage DNA+ phage HE <
50 pefl Hage 450 wE 718tk 432 500 W 95°CoNA 10%
1t 7-gte] FE316 00, AR w7kx] 4°Coll H#sigict.

# HEl fEXle| E2Y - YAIEL e FAERE ¥
ga] 75Ado] AAFE Oryza sativa subsp. japonica cultivar
javanica lectin gene®] @7] M A& 71E22 P43t oligonu-
cleotde primer(primer N: 5-GGAATTCCATATGGCGCAA
CGTGCGGGAAGCAGAACGAC-3, primer C: 5-ATCCGC-
TCGAGCACAAGCTCAGCCACTGACTCGAT-3Y= DNA thermal
cycler(Bio-Rad, Gene cycler)& o] &3], #¥l {AxE F&
&1t o] o) W YE] pET26b HEE 08317 3l 5 %2l
primarelli= Nde 19] Algtas 22E, 3 9] primeroll= Xho
12] a4 AelE RISt Polymerase chain reaction
(PCR) M+ E3HE0] %42 phage DNA 20 W, primer 2} 0.5
W 25 mM MgCl, 3 i, 2 mM dNTP 5 i, 10X PCR buffer
5 W KOD polymerase(Toyobo) 1 W, ‘B4 15 W ©|=, PCR
9] kR Z7AL 94°C 13, 50°C 1%, 72°C 322 1 cycleE &}
o 20 cycles 7HA] SE3¢ick Wh-go] T $ 1.0% agarose
gel ‘971950 23 et elstgloh AeoA el /4
2Rz ULTRAFREE®-MCMillpore)2 415110}

YaisEo| ZtMnt XHz=t e BElS] W - HAE ¥ #Y
AR-9l AHHE] pET26bS A|3+E A Nde I(Takara) ™ Xho 1
(Tekara)o = 37°CollM A7 AT ¥bE-AlA Adst b, ligase
(Tekara)E o]&3le] Az dd dAZepA| =g 2313
71 3% /39 pETalecting vt BL21¢) A 83151t
pETrLectin® 2 FAHEAZ) A& kanamycin(Sigma) 30
pgre] X3 LB wix|ellM 37°CE oF 2-3X3F A= wljeksid
Tk ODgol 0601 HAE o MHR{F A isopropyl-B-D-
thiozalactopyranoside(Promega, IPTG)E Folsto] 8A17F o Hf
oFs- 9, 10,000 g2 10853t dAEestd Fusielt.

*hxgt B 8lElo] M| - pETrLectin® 2 FAMEAZ) o3
T2 th viate] A2 A= 10,000 gl A 15% B¢ 44
T o] A3, BA A7AE -20°Col Bt &
¢ Bl X3k HAS gAsr] $s 2,000 gollA 10%
- AAREVE o) gl 12 AT F, 03 mgm/Y
lysozymeo] E3HE 20 mM Tris-HCl(pH7.5) gEgNos =l
T A5 HelA AP ]8kieh. 1M MgCl,9} DNase I
(7 Lg/mlE A7¥eE 3, 233 37](Sonics & Materials INC.)

ot oo
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£ o]g3le] FAIE T3t o1RE 8,000 gollM 10% F<t
AR B4 £ES I %, 1% Triton X-1000] T3+
Tris-HCI(pH7.5) $5-8H 1 LE ALojA 11752t 23] 4
AL F, 8,000 gollA 107 B2t vt &, &84 +8
£ A7) A7HA] 20°ColM BaEsigith 584 BE S
6M urea®} 10 mM imidazole®] Z ¥ 20 mM Tris-HCl(pH7.5)
HFgHoFT T8 A7l T, IATFEE Aol AoiFgct. 1
21, 1mM CaCl,%t MnClL7} Z3 20 mM Tris-HCI(pH7.5)
dFgdo g FASy. B4 Al A" AAEZLE 8,000 g
of| ] 155 Ttk YdEesle] AABIAT o|FA Lozl A=
3 il golS 20 mM Tris-HCI(pH?7.5) 958902 B
A1Z] immobilized metal affinity Z% (Boehringer Mannheim)®]]
F2AZ Ague) 2o dAs AAEY] A8 20 mM
Tris-HCI(pH7.5) &5 g N0 2 53] A3 o2, 10 mM
imidazole2 ¥&3}1 Q= 20 mM Tris-HCI(pH7.5) ¢80
2 &3N3 £59 B8 T 9Y 848 Zde FENE 2ot
A 20 mM Tris-HCI(pH7.5) &5§H 02 FA35ielct. oA
AAE GEAE - 5S SDS-PAGEY) 93 gelalgt].
ENT ¥ A M2 - 292 hemagglutination /32
Adar?} Sharon®] #PH¥S W&l microtiter plateclX2] serial
dilution & AHg3t] A3 B 3L A F3& &
8] A& #El 25 W 150 mM NaCl, 50mM CaCl,o} @A}z
9] BY) 25 wE Ao T vESAIZ 3, A9 H]-g
T BAE pATro M RIS Tris-HCI(pH 7.5) ¥5-8
o7 G4F 2y AMAFORA EAC] HA AT A
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—
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o
=

FEE S50 B9 1 unite $1E Hol: H9e FHa
3] = AolsRt. Wl 55t Bradford W el 28]
ER3stglom, 4% Aok Bio-Rad AEFS AHESIATH
Globuling EFGNAZ ARE-slo] 595 nmelM o) FH=E =
st mEHAE eIt

Yoy 5y

oiF - AEle] gr3lE A BolAd tioks
i} gohgo] thE hemagglutination 8} T3S &7gslo]
Ags3ict. g=o]

o]& gNg 5= 20 mM Tris-HCI(pH 7.5) €50l
4°ColA 24A17F B8 thE, 150 mM NaCker ¥338K= 20 mM
Tris-HCI(pH 7.5) 9582102 £4a0it}. 5418 < golo]
sl Joleo] gle w9} Yol-g YA 717} hemagglutination
&3& &7t} Hemagglutination 8430 thgt A=g W 4
&of tigt pHY| &= U] 580520 mMyS AME-Slo]
A9 th sodium acetate buffer, pH 4.0~6.0; sodium
phosphate buffer and potassium phosphate.buffer, pH 6.0~8.0;
Tris-HC1 buffer, pH 8.0~10.0; glycine-NaOH buffer, pH
8.0~10.0. Z}7}e] pHellM £F &4 54 =1 848 &%
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SDS-polyacrylamide gel electrophoresis(SDS-PAGE) -
12.5% SDS-polyacrylamide gel-& AFg-3t>] Laemmli] #{'™®
of mz} H7|9F3I e, FEol B A2 coomassie brilliant
blue R-250(Sigma) 22 H4jetgict. o] of £A4% FF g
= phosphorylase B(92.5 kDa), bovine serum albumin(66.2
kDa), ovalbumin(45.0 kDa), soybean trypsin inhibitor(21.5 kDa),
lysozyme(14.4 kDa)2 X33}32 ¢l SDS molecular weight
standard markers(Bio-Rad, USA)S AR&-3%3 T}

dEE % IR

] El RHXle| S =Y AT WHYE] 2y

H suspension A|EZ2] cDNA library® T8 o2 B g f
AAE PCRE TE5YPS W oiEA A A7 FAA 2717}
ok 600 FEU2EIS A=) DNA MI=S 48 4 v}, 18
U B B AE) cDNA libraryS PCR ¥h3-9] F3Ho 2 313
£ W AY FFo] HA Aot b A" FAAE ¥
suspension 22} ¢DNA libraryE FHOZ PCRECE €2

Jalgiod, 229¢ ¥ 98 4% dide HEAlE v
7} 7o) Zett. PCRE $5% 1 A9 72 {349 T7
promoters 717 t)it L@ pET26bE AlgtE4 Ndelw}
Xhol© 2 37°Collq 12217t AL wEeAlA Hgt ohe oprig
2 A A7]95-E Eate] Besisitt. EEld ¥ 2 /74
A2 T4 DNA ligaseE ©]g3te] AZAIA A=F F=ie] wd
plasmidg 233tRtt. 21 27 A F pETrLecting i+
XL-1 blueE FZHgs3tt. PAHEE XL-1 blued] wiord
TAZHE pET-rLectin Z2HAR|=E 9& 4 Ut o] W &
o]zl pET-rLectin® o7F2A A A719%3 DNA HEEA S
alo] ML BRIEIGILE Fig. 104 B il zho] 23t v
del 1A= GCGE AN ZET TAGS $EFES 2+ 603
FEUHEEE Y 9238 coding regions 3L A
ch. ¥ Felo] FE olv|Al g} v F U] Ui} b
Beoll digh FAPIS AR & 27, F9E dRlths 40~60%
9] FFHE Kol el 5& gede A9 AEido] jlsitt

=gl o SElof CHET ofzr B o =N

ZAJgh e wE] pET-rLectin®] tigdd 248 A4 9

1 GCG CAG ACG TGC GGG AAG CAG AAC GAC GGC ATG ATC TGC CCG CAC AAC CTG TGC TGC AGC
A Q@ T €C G K Q@ N D G M I cC P H N L C € S

61 CAG TTC GGG TAC TGC GGC CTC GGC CGC GAC TAC TGC GGC ACG GGG TGC TAG AGC GCG GCC
Q F G ¥ ¢ 6 L G R D Y € G T G € Q § G A

121 TGC TGC TCC AGC CAG CGC TGC GGC AGC CAG GGC GGC GGC GCC ACC TGC TCC AAC AAC CAG
C C S S Q R C G ) Q G G G A T C S N N Q

181 TGC TGC AGC CAG TAC GGC TAC TGC GGC TTC GGC TCC GAG TAC TGC GGC TCC GGG TGC CAG
c ¢ s @ ¥ G Y € G F G 8 E Y C G s G C Q

241 AAC GGG CCG TGC CGC GCC GAC ATC AAG TGC GGC CGC AAC GCC AAC GGC GAG CTC TGC CCC
N G p C R A D 1 K ¢ 6 R N A N G E L ¢ P

301 AAC AAC ATG TGC TGC AGC CAG TGG GGA TAC TGC GGC CTC GGC AGC GAG TTC TGC GGC AAC
N N M ¢C C 8 @ W G Y € G L G s E F C G N

3Bl GGA TGC CAG AGC GGC GCT TGC TGC CCG GAG AAG CGG TGC GGC AAG CAG GCC GGC GGG GAG
G €C @ §$ G A ¢cC C P E K R C G K Q@ A.G G D

421 AAG TGC COC AAC AAC TTC TGC TGC AGT GCC GGC GGC TAC TGC GGC CTC GGC GGC AAC TAT
K ¢ P N N F ¢ € 8 A G G Y €C G L G G N Y

48l TGC GGC TCC GGC TGC CAG AGC GGC GGC TGC TAC AAG GGT GGC GAC GGC ATG GCG GCC ATC
cC G 8 6 €C Q@ 8 6 G € Y K G G P G M A A 1

541 CTG GCT AAC AAC CAG AGC GTC TCT TTC GAA GGG ATC ATC GAG TCA GTC GCT GAG CTT GTG
L A N N Q § V 8§ F E G I 1 E S8 V A P L V

601 TAG
STOP

60

120

160

240

Fig. 1-The nucleotide sequence (GeneBank accession No. AF140679) and derived amino acid sequence of Oryza sativa lectin cDNA.
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a4 i BL21o A E A)7] $-, kanamycino] X3 LB
<ol oF 2-3X3F F= 37°ColA wigEiSict Hide} ODgy,
o] (.7~08 H& W WA FAR [PIGE HFEE 04
mM>| HE5 Fojated dhuido] 71t o] fESRR i
2= e pETrLectin®l] oJ3) 2de Axst ¥ 99 Gy
F <22 SDS-PAGEIA 22 kDa $1X|ellA] &1t} PTG
Fo 2o wjFAE A7gs] Slsle] 2A1%E, 4413, 8AI7E, 10

AL, 12013, 240071 WIRKEE F- 2 ARkl W AR B ARl
of 3 W ke AR Bgkth 21 At WM
& o ZrNsigiot, 1220K5t esige el ot
Wl

b aro| FA43] ZrAaskg o 104)7F HjoEA)| BT} EAJo] ok
50% 315 Holxl= Anke et mehd Az W R
tharollel HA 8l 20 gl ODgy°l 0.7~0.84%
122 o gld $EAQ 04 mM IPTGE 5o F, 104z
ulz sk ol 7H 2l

X BEIo| HX|

@ chilgo] fuwe HAolA E

- 3} AbelQl E-#Ad Al (inclusion body)E 9= A$7F @

Qg AR Y A ggae] 584 S 5

¥ 2th A FAS lysozymed 259 S| R AELS
23 faielel 28l Eelsigivt L AR dEd AxH

v Hele] dR-Puto] 7H84d £4(0.1 mgL)l "ot e E,

RS B8AlY ez B84 BEel dolloleh. $84
Fool Qi AR W AVE [ B84 A oF 50% o]
e AN AEE AYS] FAe] UALCHFg. 29 lane 3).

Ervhrina corallodendron lectinel] Tt ot i ez
F2-8 AE Uehiiith® oleist B84 528 7Mg3kel)
501 AE Bl Vb vkl Zho] 6M urea £ ZEF Al -
1] He}t Aol A%t £, 1 mM CaCl,?t MnClLe] jﬁ?}%
2¢ mM Tris-HCHpH7.5) &H4 0 2 FA3510] uread AT
o]2|%t refolding WAIZTE Hdoil 7he3l E82 S|IAEH #
ZPP Zn*t T Ni?t o] 29] £2}5]i= His-bind resin F20}E
T12{9E o] galed AFABISILE. ekl 1 L 1 mgd] AT &
A% A2 4 9lglon, SDS-PAGEAoA E218RE- 22 kDao.
2 #2153 th(Fig. 294 lane 2). 3+H A F7HA] deixl BE
lezume 2B Bx}Re oF 30 kDa® 2, 250712 ofu)Ako 2
o]=:0]7 gJrt.? ‘?l'“&"ﬂ oty Uil Enthrina corallodendron
dely Enle G b2k 56 kDad} 70 kDa) vlw 3 2
ek 7ptk RO

M=xgl ] HEIO| M3IEIY BY
Adar#} Sharon® ¥ #1133 microtiter plateol] 4]

seral dilutionf& AM310] FEle] hemagglutination 873> &
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Fig. 2 — SDS-PAGE analysis of the recombinant rice lectin produced
by E. coli. Lane M, molecular weight standard markers
(Bio-Rad); lane 1, total protein from E. coli cell lysates of
pETrLectin vector transformants; lane 2, the purified
protein; lane 3, the precipitated protein.

Aatdnh o A3, AE FEECIM T 128 units/mg®] B
(specific activity)2 VFERH whde] FAlel A7 w d=lolA
¥ 1024 units/mg®] BlEY-S VERAITH AR ¥ ARl &
A5V IL EHR] I, olB, vl gl o
3 A3 ol gate] AR 11 A7 20 mM B-D(+)-
glucose, sucrose, D(+)-galactose, D(+)-mannose, L(-)-fucose,

o-lactose, B-lactose, D-lactose, methyl-o-D-glucopyranoside,
maltose, D-(+)-raffinose, D-(+)-cellobiose, 10 mM N-acety-
Ineuraminic acid, fetuin, asialo fetuin, tyroglobulin, bovine
submaxillary mucin, ribonuclease B, ribonuclease A S 8F-3-A]
A Bopovt Az v H”e] digh Age] F3lo] yehA]
A3kt
ANZz3 ¥ 889 hemagglutination /ol ot pH 2|&4
& AR Btk A A AP HaE 89S pH 4-701M
UERstom, pH 8 oA &/l 50%014 A43t3ial pH 11
oAM= A BE 848 A3lt). Silva-Lucca S+ Arfocarpus
integrifolia TR AT, 124 ATEHE £ pHlM &
g A= AL o] 2, 33 Fx9] wisle| 7] A5 |4 o
Folgti Rwski ek
Az5 ¥ =Sl hemagglutination A% FFo]&o] Q1
4e

Wi e eigtow, Cattolut Mn*t g WM & &

o wlo
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Fig. 3 — Effects of metal ions on the hemagglutination activity of the
recombinant rice lectin. (A) Effect of Ca’¥, (B) Effect of
Mn?*.

eIt 2ol A4 s5F 43 Y3l CaCl &
EF 3 mMellA 200 mM7ER] BisiA 1A Az W dge
8498 48 Bt 71 23 Fig. 3A°04 Uehd blel go)
25 mM CaClellr 718 &2 €498 BE3ith wide] MnClell
g A2 ¥ @8] 4 F5= 25 mM-50 mME UERAZ)
Th(Fig. 3B). o]#st AAZHE A2 ¥ A9 hemag-
glutination €73 tiF2] IRy} v X2 Jpdy o s I
o] AA 23 A}, 27} B Fol2] A7l 3| e
g 84S et ARLE & 5 T BEE legume RIS
2 999 @535 248 @A T5EA Mt S B
ZAE 713 Qet? whdel G s EFEQ Genus aplysina
lectinol &= Caf* o} Mg?* o] 29 37loll 98] hemagglu-
tination 432 eIt

4 B

B A= Oryza sativa cDNA libraryZ3-€] polymerase
chain reaction -5 o]-§3lf HAR] TER{FHAAE 22HE ¥,
i 9E] pET26bol AUAIA thidtolr a2 MEAIR
51, refolding 737} metal binding affinity I 2rlE T E
o] g3t tdd FAES FYvh Az GRS
hemagglutination &44& VERNSICH, #7 pHE 4-7 o|3]th
ANzg B Ao AL 25 mM CaCl, == 25 mM-50 mM

MnCLE H7Ieite W 7P =0kch. ol2ist A= v Hdel

et ot daAE P95 Wolda XA 24 T 8

Aol] 28 2 Q] 7179 o]l Fast oz Algd Feld.
ZHAte| e
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#

Ao

1) Elgavis, S. and Shanan, B. : Lectin-carbohydrate interactions;
different folds, common recognition principles. Trends Biochem.
Sci., 22, 462 (1997).

2) Goldstein, I. J., Hughes, R. C., Monsigny, M., Osawa, T. and
Sharon, N. : What should be called a lectin? Nature, 285, 66
(1980).

3) Gabius, H. J. : Animal lectins. Eur. J. Biochem., 243, 543
(1997).

4) Van Damme, E. ]J. M., Peumans, W. J., Barre, A. and Rouge, P:
Plants lectins: A composite of several distinct families of
structurally and evolutionary related proteins with diverse
biological roles. Crit. Rev. Plant Sci., 17, 575 (1998).

5) Peumans W. J., and Van Damme E. J. : The role of lectins in
plant defence. Histochem. J, 27, 253 (1995).

6) Sharon N. : Lectin-carbohydrate complexes of plants and
animals: an atomic view. Tends Biochem. Sci., 18, 221 (1993).

7) Sharon N., and Lis H. : A century of lectin research (1888-
1988). Trends Biochem. Sci., 12, 488 (1987).

8) Van Damme, E. J., Leuven, E V. and Peumans W. J.: Isolation,
characterization and molecular cloning of the bark lectins from
Maackia amurensis. Glycoconjugate J., 14, 449 (1997).

9 Lord J. M., Hartley M. R, and Roberts L. M. : Ribosome
inactivating proteins of plants. Semin. Cell Biol., 2, 15 (1991).

10) Riidiger H. : Plant lectins more than just tools for glycoscientists;
occurrence, structure, and possible functions of plant lectins.
Acta. Anat. (Basel), 161, 130 (1998).

11) Rini J. M. : Lectin structure. Annu. Rev. Biophys. Biomole.
Struct., 24, 551 (1995).

12) Weis W. L : Structural basis of lectin-carbohydrate recognition.
Annu. Rev. Biochem., 65, 441 (1996).

13) Adar, R. and Sharon, N. : Mutational studies of the amino acid
residues in the combining site of Enythrina corallodendron
lectin. Eur. J. Biochem., 239, 668 (1996).

14) Bradford, M. M. : A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem., 72, 248
(1976).

J. Pharm. Soc. Korea



W el Uy 275

15) Laemmli, U. K. : Cleavage of structural proteins during the Barreira, M. C. and Beltramini, L. M. : Structural and
assembly of the head of bacteriophage T4. Nature 227, 680 thermodynamic studies of KM ™, a D-mannose binding lectin
(1¢70). from Artocarpus integrifolia seeds. Biophys. Chem., 79, 81

16) Aringo, R., Adar, R, Rozenblatt, S. and Sharon, N. : (1999).

Expression of Erythrina corallodendron lectin in Escherichia 18) Miarons, P. B. and Fresno, M. : Lectins from tropical sponges:
col. Eur. J. Biochem., 205, 575 (1992). Purification and characterization of lectins from Genus

17) Silva-Lucca, R. A., Tabak, M., Nascimento, O. R., Roque- aplysina. J. Biol. Chem., 275, 29283 (2000).

Vol. 46. No. 4, 2002



