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Abstract

A lectin with rabbit hemagglutination activity (HA) was purified from the crude latex
of Euphorbia antiquorum L. The purified protein was designated EantH, and is classified as a

galactose-specific thermostable lectin. The HA of EantH was stable at pH values of 5-9 and

temperature 5-65 °C. The lectin had bacteriostatic action on the Gram-positive bacteria
Staphylococcus aureus and S. epidermidis, with a minimum inhibitory concentration (MIC) of
2000 pg/ml and on a Gram-negative bacterium Samonella typhimurium, with a MIC of 1000
pe/ml. EantH inhibited the growth of Propionibacterium acnes and Streptococcus agalactiae
with MIC of 125 pg/ml and 250 pg/ml, respectively. EantH killed P. acnes and S. agalactiae
with @ minimum microbicidal concentration (MMC) of 1000 pg/ml and 2000 pg/ml,
respectively. Scanning electron microscopy indicated that binding of EantH to the
carbohydrates in the cell walls of P. acnes and S. typhimurium drastically altered the
bacterial cells, and led to inhibition of growth and/or cell death. The antimicrobial activity of
EantH could be neutralized by D-galactose, indicating that its bactericidal action involves

binding to galactose in the cell wall.
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2.2 daala (Euphorbia antiquorum Linn.)
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IDINYAENS: Euphorbia antiquorum Linn.

= o o = a = = a 1 =
YBU: NEAINN (UATIIVAUT) LATSNT (LNUB) LABZLAEU MUY (WNFBIADY) YALNaL (NSINTEI-
wigosaau)

%aﬁﬂﬂqwz Malayan Spurge Tree, Milkbush.

JUN 3 dunazaenadnla (@snsulvedmiviensu o wun 24)

dnwag: 1ieu dduduaumaondifen nse geuseana 2-5 lwas aduinuanesniduaueen
pssduvesdduiinuaunszang as 2 Be auneaoadidu-ddudvrsdumiiouiuy lufes
waan Besaduzulindu saiedagadelifilu aenageenutivunisendusus @ wies 1-3
pon aduiunuuassdLUaeis aendfuazaendiile sgauazaen sgluteiieiiulifinduaen

% 2

aduauy unnld fufinidn drduaziununds udsdnaly Weonguszuna 10 AUl duazaeas
winAuwdeq deey fanvarmilowldinisg e dndunen wassawn Bondn “nvdiin” 14
gL LUl A

! g v oA

duilld: unufinuas uazens

asdAty: Uren9d@e1ailans caoutchouc 4-7% fanswan tetracyclic diterpene lon phorbol wag

ester 19U 12-deoxyphorbal, 13-tiglate 20-acetate, ingenol tag ester 14U 16-hydroxyingenol 3,



5,6, 20-tetraacetate uammaﬁuwu tricyclic diterpene oA tinyatoxin, huratoxin Lag resin Wu
R-amyrin, cycloartenol, euphol, A euphorol (Akihisa et al., 2002)
Uselowunsen:

1. g3lditunn (sz¥sodlienagnidieds axvhlidefimaaludie) lusnfiansdedions.du
Ee80E19use 813 phorbal inuluhenafuasiiilgnivhldiansseaeifouaslufsausai
TmAnuzL5e (Co-carcinogenic activity) wagtdumanesnwmgiisludindonlssie

2.n5gannnaantaiinduneay savNsou TTTuaN wikd
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uni 3

o/

s2iU8UI5998 NAN1SNAADY BAZITAINANISTNAADY

3.1 Ungazansadl

Low-molecular weight markers for SDS-PAGE, polyvinylidene fluoride (PVDF) membranes,
SP Sepharose™ Fast Flow (FF) columns (1.5 cm x 3 cm), phenyl FF (high sub) columns (1.5 cm
x 3 cm) e HiPrep 16/60 Sephacryl S-200 HR columns 9910 GE Healthcare (Uppsala, Sweden)
‘13’18’] Bicinchoninic acid (BCA) protein assay kit, glycoprotein carbohydrate estimation kit,
supplemented brucella broth W& ¢ agar for anaerobes %aﬂ 10 Thermo Fisher Scientific (MA,
USA). Standard proteins for gel filtration, Amicon Ultra centrifugal filter units (MWCO 10 kDa)
e g Mueller-Hinton broth and agar %aa’m Sigma-Aldrich (Merck KGaA, Darmstadt, Germany)

WAz @SLALDU ¢ d3%B31n Acros Organics (Geel, Belgium).

3.2 Msawunviavasduld

Tuunlaglddnwazronuiy non Laga1au M1uLNMgUeY Flora of Thailand Volume 8
part 1 (Esser, 2005) Faanuisasnnunlainauldnlglusnuisedusiia Euphorbia antiquorum Linn
(E. antiquorum L.) #slunisifisunganuauideisesiaylsdenuliviiaiin £ antiquorum wnu E,

cf. antiquorum

3.3 U184

H & v . P & % o 3 2 vva o |
UNYNALENUINNAUUDY E. ant/quorum LN@Lﬂ‘ULﬂi"ﬂLLaUQZUWUWUWQNWLﬂUVLTV] -20 °C U

gty

3.4 Screening a2 specification ‘Uﬁﬂ‘ﬂ@ﬂﬁﬁﬁ! (trace elements) luun8198n

%ila trace elements filussdusznavluthensanves £ antiquorum ¥inisinuilagld
inAlA Xray fluorescence (XRF) ha g X-ray absorption spectroscopy (XAS) ad BL5.2: SUT-
NANOTEC-SLRI Beamline, Synchrotron Light Research Institute (SLRI) Uszinalng

HANITNARBINUI ﬁwmaamaaﬁwisﬂauﬁwﬁm Ca% and Zn* \Jumdn (LLamqiugUﬁ 4)
NANITNAADY XAS WUI1 Ca K-edge XANES spectra YethesanUsznouseasUssnaudiingifies
32139 calcium oxalate monohydrate (C,0,.Ca.H,0) (gﬂﬁ 5) Falaevhluansusenouiianansony
I8luftwmanewiin (Rodrisues wazAmy, 2009) WBN1NE Zn K-edge XANES spectrum vatineaiiy

fA11ulndLABaAU zinc sulfate (ZnSO,) wag/138 zinc nitrate (Zn(NO,), (UN 6) N157NAETEYI
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a15U58N9Ur04519 Zn®* and Ca** luihenwwesiadnyilaeniiiesninitsinisaesaunsadulaiu

C3

a1sdunsduaretuvidnegluivlavateyiln (Sarret wagany, 2006)

Excitation
o energy
S
S 5000
Q !
) 4000
c
Q
=1
o
= 3000 4
Q
[&]
o
@ 2000-
7] Ca
e - Cl (Kar)
S 10004 o) Zn
§ efe ~
0 T 1 . T . T * T . 1
2000 4000 6000 8000 10000 12000

Energy (ev)

3UN 4 X-ray fluorescence spectra ¥aslany (metals) wa trace elemets nulaluthensanvessiu

E. antiquorum. Calcium (Ca) and zinc (Zn)
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g E. antiquorum latex
"'3_
e Ca(CH,C00),H,0
(=]
72}
% C,0,CaH0O
©
CIN> CaCl,
©
e CaCoO,
.
[=]
=z Ca0
. Ll . L] * L] . | . 1
4020 4040 4060 4080 4100 4120

Energy (eV)

Uil 5 uana Ca K-edge XANES spectra 99nteWu83du £, antiquorum uag a15UsENBULMTEY
(standard compounds) standard compounds Usgnausie calcium acetate monohydrate
(CalCH5CO0),.H,0), calcium oxalate monohydrate (C,04.Ca.H,0), calcium chloride anhydrous

(CaCly), calcium carbonate (CaCO») ey calcium oxide (CaO).
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E. antiqguorum flatex
c
2
i - =~ ZnCl,
-
o
: J\/ Zn(NO,),
©
b Znso,
N
© Zno
E ‘/\/\/\—/
(=] :
: T o
v ] b L) v 1 M L] v L
9640 9660 9680 9700 9720 9740

Energy (eV)

gﬂﬁ 6 WAN3 Zn K-edge XANES spectra 99nU899899U £, antiquorum uag #135U52NaUUINTE Y
(standard compounds) standard compounds Usgnaume zinc chloride (ZnCly), zinc nitrate

(Zn(NO3),, zinc sulfate (ZnSO,), zinc oxide (ZnO) &g zinc foil (Zn foil)

° = A £ H @ a oA <
3.5 MmailusAuliuians uazmauniminlaanaveslusiunoangns

dreneiivldanduges £ antiquorum drandunenuas purify A1y cation exchange
chromatography (HiTrap SPFF) Iagle linear gradient salt elution fa8 NaCl ALt 0-0.5 M
Ty 25 mM sodium acetate buffer pH 4.5 nasanduidnlusiufiatnluaududu Nacl windy
0.2 M 1 purify fiaaae hydrophobic column chromatography (HiTrap Phenyl FF (high sub) lag
149 linear gradient salt elution fiflaududuaas (NH.),S0, Tugae 2-0 M 1y buffer 25 mM PBS
pH 7.0 Im8Iﬂiauﬁﬁqw'§§WUL%aﬁ;a%wgﬂ purify 8ona AU UT VDS (NHe),SO, Wiy 0.3-0.2
M wazlushuiilgiiousnsae 12.5% gel SDS-PAGE electrophoresis (Laemmli, 1970) wuin fraction
voslusiufilddsenaudeunulusiiu (protein bands) lugt dimeric form fihinuiinlaana (MW)
73 kDa Wag monomeric form fifhiuiinlaanaussaunn 33 kDa (Fauandluzudl 7) Tusiudand
ﬁﬂmmsummfmﬁfﬂimaqaé’w%%mmgm Ao size exclusion column chromatography #3e gel

filtration column chromatography (HiPrep 16/60 Sephacryl S-200 HR column) a1e flow rate
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0.5 mU/min 14 0.1 M PBS pH 7.2 18u mobile phase Liaifisufiunsmansunnsgi wuinlusiuds

unalianauszuna 75 kDa (gﬂﬁ 8)

A B
1 2 3 4 5 1 2 3 4 5
kDa kDa
97- o7 - Dimer
66- 66-
45- 45-
- monomer
30- = e — 30-
20.1- - 20.1-
14.4-

Uit 7 uanaunulusAuveslusiiuiiesngniou (A) wagnds (8) purify 1sAudemaia column
chromatography Tusu A uaz B Mmagauday well aznauiyu SDS-PAGE sample buffer Tuanizd
14ifl (lanes 2 wag 3) wazd reducing agent (5% 2-mercaptoethanol) (lanes 4 wag 5) @198 19d MU

lanes 91 2 way 4 hiladudiagrenaunenwaulusaunle SDS-PAGE @71uf198198 115U lanes 71 3

wag 5 ggneud 95 °C 5 uil neukenuaulusiuale SDS-PAGE lUsAumnasgruildieuiiou

yupmtinlanavedUsiuandly lane 71 1
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1000

0.2 -

p-amylase

Alcohol dehydrogenase
100 e D BSA
\, Lysozyme

0.18 -

0.16 -

10
0.14 -

Molecular weight x10° (Da)

0.12 -

11 1.2 13 14 1.5 16 1.7 1.8

VeV,

0.1 -

A280 nm

0.08 -
0.06 -
0.04 -
0.02 4

0

0 10 20 30 40 50 60 70 80 90 100 110 120

Fraction number

5Uil 8 Elution profile voslUsiusanguislugy dimeric form Womuualaanase gel filtration
(Sephacryl S-200) column chromatography Tunseudmaey meﬂmw;mﬂigmizwm YUIA

luanavedlusiu uag relative elution volume aslUsAULINTFIY (Vo/V,)

3.6 NM15W1a1AUNIARL A UYRIlUSAY Wag N1SUIVUAVRILUSAY

anuresnInezily (21 residues) waslusAuaInUaty N-terminal waslusAuIasIzilag
automated Edman degradation method waz Fasievuiavesiusiulnensmnaiaveslusiuiil
aunsnezdlulndifesfulsfufioangnsann BLAST database vhnmsilSeuifieudisunsnozilu
e ClustalW program anauwuasnsnezilu 21 residues LLﬁﬂLLﬂﬂﬂugUﬁ 9 LlagaINN13911 homology
sequence search wuilUsAufloengnitidnfunsmesilulndifiesiu calactose-inhibitable lectin
NNAU E. marginata é’qﬁuqmamﬂﬁumilﬂu ealactose-specific lectin voslusiufiatnldarniens

W94 E. antiquorum 3WNTIATIZso LY
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10 20

| |
E. antiquorum lectin (EantH): DFPPNTHIXGPNALXMDVKGS
Galactose-inhibitable lectin: AYP-GSHISGPNGFXMDVK - -

ek ekk kkk  .ckkokkok

UM 9 nswSeuimeuasuveInsaesiluanlaty N-terminal valusauioangnsatniievenu
E. antiquorum fulUsAu galactose-inhibitable lectin 91nf E. marginata &1 alignment g

Ao o

ClustalW program anfusinsneziilundainumiloudy (identity) szninalUsAuyiaDsLansng

L2 L4

44' & v = o N v 1Y o . = o w =
LATDINUNY (F) 1199 UANMUARNYARINUNIN 79UDY LEPNAIY ALY AN W (2) 139 (L) PIUAAU VILLERS

DaANULBUNTBAANARIUSEUNN 52.38%, 14.29% WAy 9.52% MUaRU

wa a . a £
3.7 auantin1silulusiiu lectin vaslushiuaangnd

AasautRlun1sdulusiu lectin naauldlaetilusfuiioangndumageunsinznauves
Wndeaunaaanseine lagldlusiuiideaaduanududusing  @ae 0.1 M PBS pH 7.2 (50 pl) was

fulliadenunsuaanszae (red blood cell, RBC) Anmtkdud 2% (v/v) (50 pl) Tu U-microwell plate

uag incubate 7 37°C Huinan 1 Falug

A1 1 hemagglutination unit (HAU) fiddunauves dilution asan (Titer) vosansaing
anusavibidindenunsvanszateiniznguiule

A1 specific hemagglutination (SHA) fio 9RFIEIUTENING HAU uag Adnuntuveslusiu
(mg/m) feumbeues SHA fia HAU/me

nnmsnaaesmuilusAuiadaldlauannsolunisimengudaidoaunsensesngld
LLazﬁmﬂéﬂum'ﬁmmmu%qwémaﬂﬂiauﬁaﬁ’mlé’é’wLmﬁﬂ column chromatography fatandli
1397 1 91needt 1 wudlsiuiarandandanniu 22.1 whann crude proteins wazil yield
Wiy 22.6% (w/w)

eannTusiufieanguiaunsa purify 1§ nie19v09du E antiguorum wavaunse

Aol sinzngulindenunsls Jusenlusiuiiin “EantH”

v
av

NUITBRLASTUNISTUTRILALTAR 3 lun15398lanULeNa155USD1auN 9/2017 Neaning

AznssUNIMAUguanisiddniiions@nuide veumingrdemaluladgsuns



M13199 1 N159IlUsAY EantH 9InWne19v099U £, antiquorum TiuSans
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Purification
Total Specific HA Protein Yield °
Total factor @
Purification step Volume | Protein HAU /0.05 ml (SHA) (%, w/w)
HAU (fold)
(mU) (mg) (HAU/mg)

Crude latex 4 22.08 256 20480 927.54 1 100

Two types of

column

chromatography 5 5 1024 102400 20480 22.1 22.6

@ purification factor Al 8m31du (ratio) 51319 SHA Tiléianusias purification step waz SHA 15udu (initial SHA)

° Yield (%, w/w) mlsannianudutuveddusiuilaluduney purification step M13AagdwINANILTNTUYRIlUSAUMNARIN crude latex AL 100
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3.8 nMswniaafiswizvadlusiufioangns (Susar specificity of potential protein)

1% '
(% o ]

esanlusiu EantH 1 plant lectin Fsmuanautves lectin aunsafigduiuiimai
ofuLRtonTading q ¢ uegnseduliwadifinnsimenduld ussanautitasmeludeliinad
Sz lUSuRy Lectin wnuiidhaauuiingad saiunismeassisslaldihmasiadiie q lunis
fufansiniznguiuvendnidesunswosnseaeiiionin Eantd Ineldlusiu 0.1 mg/ml waufu
drmnausazeidn (Fam15197 2) Aeududusiig 9 (0-100 mM) Wuaan 1 $alus 7 37 °C udads
thlunedeunsiniznguvesiindonunsmesnseied iz 3.7

NansnAasIwyin EantH flaanusuwizseiinia D-galactose unnindinna N-acetyl-D-
galactosamine wa¢ D-acetymuramic acid ?Nﬂq‘d 1431 EantH 1Ju D-galactose-sepecific lectin R
A0AARDINUNANIINAABS N-terminal sequence alignment L@z homology sequence search (4

wandluguil 9)

= o s a A £
M990 2 ﬂ'J'WlI"mLW'WZ%QQMWG]']@?JE]QIU'W]UWQEJHQVI'S

Sugars Concentration # (mM)
N-acetyl-D-glucosamine NI
N-acetylmuramic acid 100
N-Acetyl-D-galactosamine 100
D-arabinose NI
D-cellobiose NI
D-fructose NI
L-fucose NI
D-galactose 50
D-glucosamine NI
D-glucose NI
D-maltose NI
D-mannose NI
D-xylose NI
D-saccharose NI

? A duTUANaRveIINNaTaN3ngUL hemagglutination activity ¥ed EantH e

NI fio lainun158uds hemagglutination activity 984 EantH @
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AanRn1510u D-galactose-specific lectin ¥93 EantH fruadieadsiu lectin inulslu

1g19ue9NeluIeA Euphorbiaceae (Dias wagAy, 2015)

3.9 A2MUAINU (stability) vaslusAuaangnssa pH uaz gl (temperature) 619 9

a

ANUAINUYBY EantH 619 pH wazauuiiang o Mlalaguy protein (0.1 me/ml) Tugas pH

Y

3-12 1 Juan 2 Falus wazfigasaamgd 595 °Cilunan 1 9alus wasthlusduluinnisin
ANENsaluNIsiNznaNTasdadeaunsnuislude 3.7 wivhnisieanslusiudie 0.15 M NaCl
i 0.1 M PBS pH 7.2

HAN1INARBINUTT EantH dlAuamusanisiudeuwlas pH Tuge 5-9 uag Y19gungil 5-

65 °C é’ﬂLLamiugﬂﬁ 10 uay 11 MudIfu Seanumrsude pH lugasldiAu pH 10 904 EantH 3

mailnaAsaiuTusau lectins finulaluiialuasd Euphorbiaceae 14U E. calcina L., E. dalberi uag
E. sp (Nsimba-Lubaki Waz Ay, 1986) us EantH 3711619031 lectin vesfady 9 Tured

Fuphorbiaceae ﬁﬁﬂwuqmwgméﬂamﬁu 60 °C (Santana WwazAady, 2014)

[1Relative hemagglutination activity (%)

100 +

80 4

60 -

40 -

20 4

Relative hemagglutination activity (%)

JUN 10 AUAIIUABYIS pH 719 9 vee EantH Usiliulagly hemagslutination assay fn titers 9

9% hemagglutination wuuauysal Anlue hemagglutination activity Wity 100%
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—_ [__1Relative hemagglutination activity (%)
9
~ 1004
2
=
°©
s 80+
o
o
et
©
£ 604
L
=
o
g 40
£ 4
)
=
[0
Z 204
i
]
(4
0 v L] v ] M ] M ] L L) M L] M L]

0 10 20 30 40 50 60 70 8 9 100
Temperature (°C)

a1

JUN 11 muAmusenae gaunqil f1e 9 ve9 EantH Usediulagld hemagglutination assay @ titers

Y
I

7% hemagglutination wuvanysal Andudn hemagslutination activity Winfiu 100%

o o £
3.10 wavasleoau (ion) vaslane waz EDTA fon1sineuveslusiuaangns

NNIINABBY XRF WAz XAS wudsginulaluiiesanued £ antiquorum fie Ca?* uag
Zn?* fatunavedlonauvessnniisaedsndis EDTA senisiniznguussdaidenunsnssaeves EantH

alavinisnegeu Tnen1sudluseiu (0.1 mg/ml) Tu EDTA, ZnCl, way CaCl, Tuanududy 0-100

mM 18uan 16 931097 4 °C wazthumedeunIsnIZNguTeulinId onuaIteINsEaen 1IN 3.7
NANIINABBINUINTINITZAUNIINIENEUTeinFanwaeInsyAeme EantH lignduds
mgloopures Ca?* war Zn?* uay EDTA Faduanwusaes galactose/lactose-specific lectin 1gu

Eutirucallin 210 E. tirucalli latex (Santana tagady, 2014)

3.11 Anwauaudalun1siuuuaiiisenada wazgatnay 9

3.11.1 @18WUSVRUYAIAIN (Microbial strains)
AuaudRlunsdudutenuafisefinedives EantH veaeulagldida  Propionibacterium
acnes DMST 14976 @alu Gram-positive anaerobic bacteria waz e Staphylococcus aureus

ATCC 25923, uag clinically isolated strains ERIE Staphylococcus epidermidis TUH93 Fadu

v =

Gram-positive bacteria wagiialyinsuianiseangnsdudawuaiiiouazaadndu 9 3alavinis

&

naaauiuiulngldwuaisowazdan sail
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Gram-positive bacteria: Streptococcus agalactiae (Group B) DMST 17129
Gram-negative bacteria: Escherichia coli ATCC 25922 wag Salmonella typhimurium ATCC
13311
Yeasts: Candida albicans ATCC 10231 and Candida parapsilosis ATCC 22019

3.11.2 nMsAnwUszansnwlunsdugeuasaina Propionibacterium acnes

\%¥® P. acnes standard strain QﬂLW’]sLﬁﬂﬂum‘Mﬁmm Brucella broth supplemented

with hemin (5 ug/ml), Vitamin K (1 ug/ml) and sheep blood (5%) Tuan1agldiionnie ﬁqm%qﬁ

37 °C Hunan 48 $alus udseanadens brucella broth Tlgdeusyaa 10° cells/ml wazld

£

WoasluansadaMioaraduaiuidudunng 9 Tu 96-microwell plate uaathluiniziassnels

anmegnldfonialaeiu Neamgdl 37 °C Wwaan 24 Falus wdnhulidunanguaayinenlad

a

duvsdiasyrseomsidsndoluvasnligu erulsunavesasegeuvesasniilumainududu

9
gt]z Y

18ANa1N1508UIN131938y09L%e 1138 Minimal inhibitory concentration (MIC) Tuiinuuaaidu

ANMUIUTUYDIET I USAUEN A

A o

nnsmeanudutushdigaiilfdeliaigluemsmanduy annsathumaay
dutusnandianunsasinlfide Minimal bactericidal concentration (MBC) 1 Tnstinuauiiiinis
NAABUIINNITUIAT MIC ﬁiajﬁmﬂmjuﬂqﬂmamlﬂ spread plate Uu®1%115 anaerobic agar plate
wdnAvluanneitlifionialaeifiv. feamgll 37 °C iunan 2 fu anududusdaedideliiing
wiguuewnsuds feteududuiuduaudududgaiiamsndideuuaiiize (minimum

bactericidal concentration (MBC)) ¢

3.11.3 nsAnwUszansarnlunisduganazeniye S. epidermidis, S. aureus wag \WayaUNIY

U 9

v Ay v ° a Lot 1 &l LA A a . Lo
miaﬂ(ﬂ‘vﬂ,(ﬂf\]S‘LH:MWIﬂaaUﬂ’ﬁm}‘VlﬁEJUEJ\‘Mi@ﬁmLSU’eJLL‘UﬂVlLi‘EJ S. ep/derm/dls, S. aureus Way

v !
& 1%

\WeAUNIEBU 9 Mgdd broth dilution Tu 96-microwell plate n1seBNgNEVRIANTARNLUNITEUEY

(%
=

y3e Yk uATulnedsUa1u1savinlalngnsiagatalrdusuias 10% cells/ml wagldwoadluans

o A

anndenaduanududuning q w@dauwdniluidei 35 - 37 °C 1WWwaan 16 - 18 Falug udniun

a

Indanaviaugamenlifidunidiasyvseamaiasatoluliyu s1ulinauesanmaaauveviaen
!

[ ' ]

[

& 1 [ 7
WU UAIAITULVUYURAN

a

ANAIUITOEUEINITIATYVOILD 1939 Minimal inhibitory concentration
(MIC) Juiinmeduanududuresansiusivann

1NMIIAIANNLTUARaaRvin e ldaeluemsimaity anunsadiuiniaAiay

'
Y v [

Wudusinannanunsaginlae Minimal bactericidal concentration (MBC) 161 lng1dn media a1nvqu

IMnN1snaaauaINNIsnIAT MIC Mlddiaanuguynyvaenly spread plate U1eIM1S trypticase soy
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agar fnnuuduesansatnfianinsasideldfar linumsasyueatevuemnsdsnte e
limefiasnumseigreateunemsidonte

aruanasolunsdudadosndeqadneing q uandlumsiedl 3 8 EantH anunsadudavde
dudoldnlununfiSefindaraduseneulude calactose Wy S. agalactiae wa P. acnes waziilu
WUATILSY Gram-positive d@IULUATILSE Gram-negative annsaduds S. typhimurium 16 widuds £
coli lallfuiii19: salactose VuniTLYad 199 nuiiwadveswunfitse Gram-negative §
93AUsENBUYeN lipids IuuIINuazdutaunIwuAliengy Gram-positive Favibilusiudnludu

1%
[y o

Autmavunisgaalaen (Navarre wag Schneewind, 1999; Delcour, 2009) hay EantH @115
Fudinsiasyvendouuaiiisefinfasadil N-acetylmuramic acid Fafussddssnavluduves
peptidoglycan vesninwaduosuuaiizelaglisnde wu s epidermidis uay S. aureus (Navarre
uay Schneewind, 1999) EantH lulanunsadudmdesnitelunau yeasts Ifidomnuiusadvosiad
fnUsznaudig N-acetyl-D-glucosamine (Muszewska wazAauz, 2017) §9 EantH ldarunsaduld
wazilosnniderinisvaassindrenuives EantH Tunaidrduiu salactose ﬁagjﬁwﬁmaémau%a
9adw Tnensunlusfiuiu D-galactose rouvhnismageunssudadeuvaiide uduiethumadey
Asfududouuniiie Wudﬂmmmmadumi%gﬂmiw%zgl,l,az@hL%@lé’amaﬂﬂdﬂdauﬁmﬁ’u D-
galactose (Fawandlunis1adi 3) Jeaunsaagulada EantH annsadudimsiasaiviandesnide
wuafiSerunsTuiy calactose vowmifnwaduendoidundn wasnsnaassfiatiuayuianisduds
\Fovesansanaintuvaduesuuniite Ao n1sfnwinsdsunlamieadueuniiSoiouiioy
AeuuazHdauNRU EantH fewala scanning electron microscopy (SEM) 3swu3n EantH fianunse
pongvsuSsnnaSiaranide P, acnes Iy annsnilvidelinsudsuutassusaanisadund
og19un wazmznauiy alawadinsdsuuladlusgadiulddanusauanduguil 12

dugUinussniineaduento S. typhimurium fianssagniudanaiasslnglisndas EantH fins

Waguwlasluanundwddesndi P. acnes (Aauandluguin 13)
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A1519% 3 Minimum inhibitory concentration (MIC) W&g minimum microbicidal concentration

(MMC) w94 EantH

Concentration of EantH (ug/ml)
Microorganism Without With D-Galactose
D-Galactose
MIC @ MMC ® MIC @ MMC ®

Gram-positive bacteria:
Staphylococcus aureus 2000 > 4000 2000 > 4000
Staphylococcus epidermidis TUH93 2000 > 4000 2000 > 4000
Streptococcus agalactiae DMST 17129 © 250 2000 2000 > 4000
Gram-positive anaerobic bacteria:
Propionibacterium acnes DMST 14976 © 125 1000 1000 > 4000
Gram-negative bacteria:
Escherichia coli © > 4000 > 4000 > 4000 > 4000
Salmonella typhimurium ATCC 13311 © 1000 > 4000 > 4000 > 4000
Fungus:
Candida albicans ATCC 10231 > 4000 > 4000 > 4000 > 4000
Candida parapsilosis ATCC 22019 > 4000 > 4000 > 4000 > 4000

2 MIC #i® minimum inhibitory concentration Y84 EantH 7ien31306Ug9n151335y Va0 TN

b MMC @B minimum concentration 989 EantH ﬁmmm‘zhl,%aﬁ;a%wlﬁ 99.9%
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Ahomodimeric 75 kDa lectin with hemagglutination activity (HA) was purified from the crude latex of Euphorbia
antiquorum L. by two types of chromatography, on cation exchange (HiTrap SP FF) and hydrophobic HiTrap Phe-
nyl FF (high sub) columns. The purified protein was designated EantH, and is classified as a galactose-specific
thermostable lectin. The HA of EantH was stable at pH values of 5-9 and temperature 5-65 °C. The lectin had bac-
teriostatic action on the Gram-positive bacteria Staphylococcus aureus and S. epidermidis, with a minimum inhib-
itory concentration (MIC) of 2000 pg/ml and on a Gram-negative bacterium Samonella typhimurium, with a MIC

Keywords:
Eu;’;vorbiu antiquorum L. of 1000 pg/ml. EantH inhibited the growth of Propionibacterium acnes and Streptococcus agalactiae with MIC of
Lectin 125 pg/ml and 250 pg/ml, respectively. EantH killed P. acnes and S. agalactiae with a minimum microbicidal con-

centration (MMC) of 1000 pg/ml and 2000 pg/ml, respectively. Scanning electron microscopy indicated that bind-
ing of EantH to the carbohydrates in the cell walls of P. acnes and S. typhimurium drastically altered the bacterial
cells, and led to inhibition of growth and/or cell death. The antimicrobial activity of EantH could be neutralized by

Antimicrobial activity

D galactose, indicating that its bactericidal action involves binding to galactose in the cell wall.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Lectins are glycoproteins that bind reversibly to specific monosac-
charides or oligosaccharides, either free or linked to cell surfaces [1].
Lectins can be distinguished from other carbohydrate-binding mole-
cules by their ability to agglutinate cells [2], and in addition, they can
be distinguished from anti-carbohydrate immunoglobulins that aggluti-
nate cells by their lack of immunological characteristics [2]. They are
widely distributed in almost all living cells [3]. Lectins isolated from var-
ious sources have been reported and characterized with respect to their
antimicrobial [2,4], antitumor [5] and antiprotozoal activities, and have
been used in cytochemistry and histochemistry for diagnosis of human
diseases [G]. They have been detected in all parts of plants, including
plant latices [7]. In this study, a lectin (EantH) was purified from the
milky latex of Euphorbia antiquorum L. (family Euphorbiaceae). This
plant, which is widely distributed in tropical and subtropical regions in-
cluding Thailand, has been used as a traditional medicine e.g. in the
treatment of cutaneous infections and bronchitis and as a nerve tonic

* Corresponding author.
E-mail address: jaruwanS@g.sut.ac.th (J. Siritapetawee).

https://doi.org/10.1016/j.ijbiomac.2018.09.206
0141-8130/© 2018 Elsevier B.V. All rights reserved.

[8]. Some terpenes derived from this plant have been reported to have
inhibitory effects on the activation of Epstein-Barr virus [8] and to
have anti-HIV activity [9]. In addition, a b galactose-specific lectin from
E. antiquorum has been reported [ 10]. To improve knowledge of the me-
dicinal use of this plant, a lectin from its latex was studied by N-terminal
amino acid sequencing, protein identification, glycoprotein detection,
hemagglutination activity measurements and antibacterial assays. In
addition, the distribution of trace metallic elements in the latex was de-
termined and their effects on the hemagglutination activity of EantH
were characterized.

2. Materials and methods
2.1. Materials

Low-molecular weight markers for SDS-PAGE, polyvinylidene fluo-
ride (PVDF) membranes, SP Sepharose™ Fast Flow (FF) columns
(1.5 cm x 3 cm), phenyl FF (high sub) columns (1.5 cm x 3 cm) and
HiPrep 16/60 Sephacryl S-200 HR columns were purchased from GE
Healthcare (Uppsala, Sweden). Bicinchoninic acid (BCA) protein assay
kit, glycoprotein carbohydrate estimation kit, supplemented brucella
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broth and agar for anaerobes were purchased from Thermo Fisher Sci-
entific (MA, USA). Standard proteins for gel filtration, Amicon Ultra cen-
trifugal filter units (MWCO 10 kDa) and Mueller-Hinton broth and agar
were obtained from Sigma-Aldrich (Merck KGaA, Darmstadt,
Germany). Other chemicals of analytical grade were purchased from
Acros Organics (Geel, Belgium).

2.2. Screening and specification of trace elements contained in the plant
latex

A latex sheet of estimated size 2.5 cm x 0.5 cm was made by
dropping the fresh latex of E. antiquorum onto Mylar® X-ray film
(Chemplex, FL, USA) and dried at 25 °C. Trace elements in the latex
sheet were studied using synchrotron radiation techniques: X-ray fluo-
rescence (XRF) and X-ray absorption spectroscopy (XAS) with the
BL5.2: SUT-NANOTEC-SLRI Beamline, at the Synchrotron Light Research
Institute (SLRI), Thailand, using an electron energy of 1.2 GeV, a bending
magnet and a beam current of 80-150 mA. The photon flux of the X-ray
beam at the sample position was 10%-10'® photons/s and was
monochromatized by a Ge(220) double-crystal monochromator.

2.2.1. Synchrotron X-ray fluorescence measurements

The trace element content of the latex sheet was screened by energy
dispersive X-ray fluorescence (EDXRF) using the synchrotron light
source. All XRF experiments were performed at a photon energy of
9.8 keV, which could produce the fluorescence K-lines of P, S, Cl, K, Ca,
Sc, Ti, V, Cr, M, Fe, Co, Ni, Cu and Zn. The XRF spectra were recorded
with a dwell time of 60 s, using a Vortex ME4 four-element silicon
drift detector. The sample chamber was filled with helium to minimize
air absorption, whereas the fluorescence detector operated in air. The
XRF spectra were processed by OriginPro8 software version 8.0724.

2.2.2. X-ray absorption spectroscopy

Two elements in the latex sheet that showed high intensity in the
XRF data, Ca and Zn, were chosen for further specification of their chem-
ical compositions. The K-edge X-ray absorption near edge structure
(XANES) spectra of Ca and Zn were measured in fluorescence mode
using a Vortex ME4 four-element silicon drift detector. Zn K-edge
XANES were measured in air, while the sample chamber was main-
tained in a helium atmosphere for Ca K-edge XANES measurement.
The photon energy was calibrated using CaCO5 (at 4049 eV) and Zn
foil (at 9659 eV). All XANES spectra were recorded between —20 and
+ 80 eV relative to the Ca and Zn K-edge energies with an energy step
of 0.2 eV. The obtained XANES spectra were compared with
those of the reference compounds. The reference compounds for Ca K-
edge XANES measurements were calcium oxide (Ca0), calcium carbon-
ate (CaC0s), anhydrous calcium chloride (CaCly), calcium oxalate
monohydrate (C;04.Ca.H,0) and calcium acetate monohydrate (Ca
(CH5C00),.H,0). The reference compounds for Zn K-edge XANES mea-
surements were zinc foil, zinc oxide (Zn0), zinc sulfate (ZnS0,), zinc ni-
trate (Zn(NOs3),) and zinc chloride (ZnCl, ). The resulting XANES data
were averaged and normalized using the Demeter package, version
0.9.18.2 [11]. Radiation damage to the samples was negligible, as
assessed by visual observation of the measured samples and the consis-
tency of the obtained XANES spectra.

2.3. Isolation and purification of latex lectin (EantH)

The latex was collected from E. antiquorum, a plant growing in
Muang district, Nakhon Ratchasima, Thailand. The sticky white com-
pound was removed from crude latex by centrifugation (13,000 xg for
15 min) at room temperature. Absolute ethanol was then added to pre-
cipitate the proteins from the clear supernatant. The proteins were
pelleted by centrifugation at 13,000 xg for 15 min and then dissolved
in 25 mM sodium acetate, pH 4.5. The protein solution was fractionated
by chromatography on a cation exchange (HiTrap SP FF) column, eluted

with a 0-0.5 M linear gradient of NaCl in 25 mM sodium acetate buffer,
pH 4.5 at flow rate 2 ml/min. Protein was monitored by absorbance
measurements of all fractions at 280 nm (Aygo). Protein fractions eluted
around 0.2 M NaCl were pooled and the buffer exchanged with 25 mM
phosphate buffer, pH 7.0 containing 2 M ammonium sulfate. The protein
was subjected to further purification by hydrophobic chromatography
on a HiTrap Phenyl FF (high sub) column (1.5 cm x 3 cm). The proteins
were eluted with a linear gradient of 2.0-0 M (NH,),S0O, in phosphate
buffer at flow rate of 2 ml/min, with 2-ml fractions collected. A5, of
all fractions was measured for protein monitoring. The protein fractions
eluted by 0.3-0.2 M (NH4),SO,4 were pooled and dialyzed against 0.1 M
phosphate buffered saline (PBS), pH 7.2 at4 °C. The purified protein was
concentrated using Amicon Ultra centrifugal filter units (MWCO
10 kDa) at 4 °C. The purity and molecular weight of the purified protein
(EantH) were initially analyzed by 12.5% SDS-PAGE [12]. Protein bands
were observed by staining with Coomassie brilliant blue R-250, and
were compared with EantH treated with or without 5% 2-
mercaptoethanol (v/v) and either left unheated or heated at 95 °C for
5 min before performing SDS-PAGE.

The concentration of the purified protein was measured using the
BCA assay kit, with a calibration curve constructed using bovine serum
albumin (BSA) at concentrations in the range 0.025-2.0 mg/ml. Purified
EantH was aliquoted and stored at —20 °C until use.

2.4. Molecular mass determination

The molecular mass of EantH was determined by gel filtration chro-
matography on a HiPrep 16/60 Sephacryl S-200 HR column. The protein
(4 mg/ml) was eluted with 0.1 M PBS, pH 7.2 at a flow rate of
0.5 ml/min, with 1-ml fractions collected. The void volume (Vy) was de-
termined by loading 0.5 ml of Blue dextran (2 mg/ml) dissolved in the
PBS buffer. The column was calibrated by applying each standard pro-
tein (sweet potato 3-amylase (200 kDa), yeast alcohol dehydrogenase
(150 kDa), bovine serum albumin (66 kDa) and hen egg white lysozyme
(14.3 kDa)) (0.5 ml of each, at 4 mg/ml) to the column. To determine
the elution volume (V,), all fractions (1 ml) were collected and the ab-
sorbance of protein was measured at 280 nm (A,go). A calibration
curve was prepared by plotting V./V,, for each standard protein against
its molecular weight on a semi-logarithmic scale, and the molecular
mass of EantH was determined using this plot.

2.5. N-terminal amino acid sequencing and sequence homology

N-terminal amino acid sequencing was performed on purified
EantH, separated by SDS-PAGE and then transferred onto a PVDF mem-
brane. The membrane was stained with Coomassie brilliant blue R-250,
and the visualized protein bands excised and subjected to N-terminal
amino acid sequencing by the automated Edman degradation method.
The sequencing was performed by the Proteomics International Pty
Ltd., Nedlands, Western Australia. Homologues of the N-terminal se-
quence were sought by matching the EantH sequence against all protein
sequences in the BLAST database [13]. Peptide sequences were aligned
using the ClustalW program [14].

2.6. Glycoprotein detection and carbohydrate content estimation

The glycoprotein assay was performed with the microplate proce-
dure of the Thermo Scientific glycoprotein carbohydrate estimation
kit. Protein standards and EantH at a concentration of 2.5 mg/ml (50
) were added to the microplate wells. Glycoprotein assay buffer was
used as a blank. Twenty five microliters of 10 mM Sodium meta-
periodate solution was added into each well, the plate was incubated
for 10 min at 25 °C, then the glycoprotein detection reagent (150 pl
per well) was added. The plate was incubated for 1 h at 25 °C, and the
purple reaction product was estimated from its absorbance at 550 nm.
The carbohydrate content of EantH was estimated from a plot of
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Fig. 1. 12.5% SDS-PAGE of EantH, either before (A) or after (B) purification by two chromatography steps, on cation exchange (HiTrap SP FF) and hydrophobic HiTrap Phenyl FF (high sub)
columns. Protein (20 ug (A) or 10 g (B)) was mixed with the SDS-PAGE sample buffer without (lanes 2 and 3) and with a reducing agent, 5% 2-mercaptoethanol (lanes 4 and 5). Samples
of each type were further prepared without heating (lanes 2 and 4) and with heating at 95 °C for 5 min (lanes 3 and 5) before SDS-PAGE. Lane 1 contains low-molecular weight protein

markers.

standard glycoproteins, with all determinations performed in triplicate.
The protein standards of known carbohydrate content were lysozyme
(0% w/w), ovalbumin (3.2%), apo-transferrin (5.8%), fetuin (22.9%)
and c;-acid glycoprotein (41.4%).

2.7. Hemagglutination assay (HA)

Fresh rabbit blood for use in the hemagglutination assay was col-
lected following the approval of the Ethical Committee of the Suranaree
University of Technology (approval number 9/2017). Erythrocytes were
separated from the buffy coat, containing platelets, and platelet-poor
plasma (PPP) by centrifugation of whole blood at 5000 xg for 7 min.
The erythrocytes were washed 3 times with 0.1 M PBS, pH 7.2 with cen-
trifugation at 2000 xg for 5 min. Then a 2% (v/v) suspension of erythro-
cytes was prepared by suspending in 0.1 M PBS, pH 7.2.

Hemagglutination activity was tested in U-microwell plates
(Thermo Scientific™ Nunc™, Leicestershire, England). EantH (50 ul)
was serially diluted two-fold in 0.1 M PBS, pH 7.2 and was mixed in
each well with an equal volume of 2% (v/v) erythrocyte (50 ul). The

negative control was erythrocytes incubated with buffer. HA was ob-
served after incubating the microwell plate at 37 °C for 1 h. One hemag-
glutination unit (HAU) was defined as the reciprocal of the highest
dilution factor that still induced visible erythrocyte agglutination [7].
Specific hemagglutination (SHA) was defined as the ratio between
HAU and the protein concentration (mg/ml) (i.e. SHA corresponding
to HAU/mg) [7].

2.8. Carbohydrate specificity

The carbohydrate specificity of EantH lectin was determined from
the inhibition of HA by various sugars, using a slight modification of
the method of Pinto-Junior et al. (2016) [15]. The potential inhibitory
sugars used were N acetyl b glucosamine, N acetylmuramic acid,
N acetyl b galactosamine, b arabinose, b cellobiose, b fructose, L fucose,
p galactose, b glucosamine, b glucose, b maltose, b mannose, b xylose
and b saccharose. In the inhibition assay, EanH (0.1 mg/ml) was mixed
individually with each diluted sugar (0-100 mM) for 1 h at 37 °C.
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Fig. 2. Gel filtration (Sephacryl S-200) column chromatography: elution profile of the native, dimeric form of EantH. Inset is the calibration plot of molecular weights of standard proteins

versus relative elution volume, V,/Vy.



34

J. Siritap: etal. / Inter

10 20
I l

E. antiquorum lectin (EantH): DFPPNTHIXGPNALXMDVKGS
Galactose-inhibitable lectin: AYP-GSHISGPNGFXMDVK - -

SRRk kR RRkRk

Fig. 3. Alignment of the peptide sequence of EantH from E. antiquorum with a galactose-
inhibitable lectin from E. marginata. Sequences were aligned using the ClustalW
program. The amino acid sequences of EantH showed identity (*) or strong (:) or weak
(.) similarity to the lectin from E. marginata of 52.38%, 14.29% and 9.52%, respectively.

Then, 50 pl of 2% (v/v) rabbit erythrocyte was added, and the hemagglu-
tination activity was performed as described in 2.7. The assays were car-
ried out in triplicate.

2.9. pH and temperature stability

The pH stability of EantH was investigated by incubating the protein
(0.1 mg/ml) at various pH values (3—12) at 25 °C for 2 h, use a slight
modification of the method of Pinto-Junior et al. (2016) [15]. The se-
lected buffer systems (all at a concentration of 25 mM) were sodium
acetate (pH 3-5), sodium phosphate (pH 6-7), Tris-HCl (pH 8-9) and
glycine-NaOH (pH 10-12). After incubation, all reaction mixes were
subjected to a 2-fold serial dilution with 0.15 M NaCl and the residual
hemagglutination activity of EantH was analyzed as described in 2.7.

The temperature stability of EantH was analyzed by incubating the
protein (0.1 mg/ml) at various temperatures within the range 5-95 °C
for 1 h. The hemagglutination activity of the protein was then assayed
as described in 2.7.

All experiments were performed in triplicate. The residual activity of
the pretreated lectin was assayed under the standard condition de-
scribed in 2.7 and taken as 100%.

2.10. Effects of metal ions and EDTA on hemagglutination activity

The effects of divalent cations (Ca>* and Zn?*) and ethylenedi-
aminetetraacetic acid (EDTA) on HA activity of EantH were assayed by
incubating EanH (0.1 mg/ml) with these ions or EDTA (0-100 mM)
for 16 hat4 °C. After this, 50 pl of 2% (v/v) rabbit erythrocyte suspension
was added, and the hemagglutination activity was estimated as de-
scribed in 2.7. The assays were performed in triplicate.

2.11. Antimicrobial activity assay

2.11.1. Microbial strains

The antibacterial activity of EantH was evaluated using the Gram-
positive bacteria Staphylococcus aureus ATCC 25923, and the clinically
isolated strains of Staphylococcus epidermidis TUH93 and Streptococcus
agalactiae (Group B) DMST 17129. The Gram-negative bacteria were
Escherichia coli ATCC 25922 and Salmonella typhimurium ATCC 13311.
Propionibacterium acnes DMST 14976 was a representative of Gram-
positive anaerobic bacteria.

Table 1
Purification of a lectin (EantH) from E. antiquorum latex.
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The yeasts Candida albicans ATCC 10231 and Candida parapsilosis
ATCC 22019 were used to screen the antifungal activity of EantH.

2.11.2. Determination of the minimum inhibitory concentration (MIC) and
the minimum microbicidal concentration (MMC)

The antimicrobial activity of EantH was screened by the broth
microdilution method, performed in flat-bottomed 96-well microplates
[16-18]. Various concentrations of lectin, ranging from 31 to 4000 pg/
ml, were prepared by 2-fold serial dilution of EantH with Mueller Hilton
Broth, while for anti-P. acnes analysis EantH was diluted with supple-
mented brucella broth (SBB). Each concentration of EantH (100 pl)
was incubated with each microbe, at a final cell density of 10* colony-
forming units/ml (CFU/ml), at 37 °C for 24 h, while P. acnes was incu-
bated anaerobically using the Gaspak system (HiMedia Labs., Mumbai,
India) at 37 °C for 48 h. The growth of microorganisms was followed
by measuring the absorbance at 600 nm (Aggo). The minimum inhibi-
tory concentration (MIC) of EantH that could inhibit microbial cell
growth was defined as the lowest concentration of protein giving Asgo
< 0.1 [16]. For determination of the minimum microbicidal concentra-
tion (MMC), 10 l of the cell suspension from each well of the MIC ex-
periment were subcultured in Mueller Hilton blood agar plates and
incubated at 37 °C for 48 h, while P. acnes was subcultured in supple-
mented brucella agar (SBA) for 96 h. The MMC was defined as the low-
est concentration of the protein that produced no microorganism
growth (i.e. the EantH concentration that killed 299.9% of cells) on the
agar plate.

The effect of p galactose on the antimicrobial activity of EantH was
also determined. EantH (4000 pg/ml) was preincubated with 200 mM
D galactose at 37 °C for 1 h and then the antimicrobial assays of EantH
were performed as described above. Control tests were made with
EantH heated at 95 °C for 1 h, the culture media without EantH and
the culture media without EantH containing p galactose.

Antimicrobial assays were performed in triplicate.

2.11.3. Scanning electron microscopy

Morphology changes of P. acnes and S. typhimurium after treatment
with EantH were assessed by scanning electron microscopy (SEM). Ei-
ther P. acnes or S. typhimurium cells (10* CFU/ml) were treated with
EantH (50% of MIC or MICsq) at 37 °C for 24 h under anaerobic condi-
tions for P. acnes or aerobic conditions for S. typhimurium. The control
was bacterial cells cultured without the purified protein. Bacterial cells
were harvested by centrifugation at 1500 xg and washed three times
with 0.1 M PBS, pH 7.2. The cells were fixed with 4% (v/v) glutaradehyde
and dehydrated by treatment with a graded series of alcohol solutions
(50-100% (v/v)). After drying, cells were coated with a 20 nm-thick
gold layer, and their morphologies visualized by scanning electron mi-
croscopy (Carl Zeiss Auriga, Oberkochen, Germany).

2.12. Statistical analysis

Data from three independent experiments were analyzed and
expressed as means =+ standard deviation (SD), using originPro 8
software.

Purification step Volume (ml)  Total protein (mg)  HAU*/0.05ml  Total HAU  SpecificHA  Purification factor®  Protein yield® (%, w/w)
(SHA)® (fold)
(HAU/mg)

Crude latex 4 22.08 256 20,480 927.54 1 100

Two types of column chromatography 5 5 1024 102,400 20,480 22.1 226

# HAU is hemagglutination unit (Titer). Titer is the reciprocal of the highest dilution of protein showing complete agglutination of rabbit red blood cell.
b Specific hemagglutination activity (SHA) is the ratio between total HAU and amount (mg) of protein.

€ Purification factor is the ratio of SHA obtained at each purification step to the initial SHA.

4 Ppurification of protein yield is obtained from dividing total protein by starting total amount of protein x 100.
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3. Results and discussion

A homodimeric lectin (EantH) was isolated and purified from the
crude latex of E. antiquorum. The dimeric and monomeric forms of the
purified protein migrated on SDS-PAGE with estimated molecular
weights of about 73 and 33 kDa, respectively (Fig. 1). The dimers were
maintained by non-covalent bonds between the subunits, since they
could not be dissociated by the reducing agent 2-mercaptoethanol,
but could be dissociated by heating at 95 °C under non-reducing condi-
tions (Fig. 1) [19]. The molecular weight of the dimeric protein deter-
mined by gel filtration chromatography was about 75 kDa (Fig. 2). The
sequence of the first 21 amino acid residues of the protein (Fig. 3) had
homology (52.38% identity) with a galactose-inhibitable lectin isoform
Ala-1 del, derived from E. marginata (NCBI accession No. P33889) [20].
The result of the N-terminal amino acid sequence homology search sug-
gested a lectin-like protein, so the lectin properties of the purified pro-
tein were investigated. As mentioned in the introduction, lectins are
glycoproteins, so the carbohydrate content of the purified protein was
analyzed. The estimated carbohydrate content of EantH obtained from
the standard glycoprotein curve was 12% (w/w).

Hemagglutination testing was used to screen the lectin properties of
the protein in this study [21], and also to assess the purity and specific
activity of the protein after purification as shown in Table 1. The plant
protein was purified by cation exchange chromatography followed by
hydrophobic chromatography, with an overall yield of 22.6% (w/w).
The specific hemagglutination activity was increased 22.1-fold in the
purified protein. Since the purified lectin was derived from the crude
latex of E. antiquorum and had hemagglutination activity toward rabbit
erythrocytes, the protein was designated EantH.

The sugar specificity of EantH was analyzed by determining the de-
gree of inhibition of hemagglutination by various sugars (Table 2). The
hemagglutination activity of EantH was completely inhibited by
D galactose, N acetylmuramic acid and N Acetyl p galactosamine at the
minimum inhibiting concentrations of 50 mM, 100 mM and 100 mM,
respectively (Table 2). Since the inhibition by p galactose was stronger
than by N acetylmuramic acid and N acetyl p galactosamine, EantH
was classified as a p galactose specific lectin. It is similar to several
other lectins that have been found in the latices of Fuphorbiaceae [22].

The effects of pH and temperature on EantH stability were analyzed
in this study. The hemagglutination activity of EantH was stable after
pre-treatment of the lectin at pH 5-9 (Fig. 4) or at temperatures in the
range 5-65 °C (Fig. 5), but was decreased to 6.25 and 12.5% of its max-
imum value after preincubation at pH 3 and pH 12, respectively (Fig.4).
Similar to other latex lectins of Euphorbiaceae e.g. E. calcina L., E. dalberi

Table 2
Sugar specificity of EantH lectin.

Sugars Concentration® (mM)
N acetyl p glucosamine NI
N acetylmuramic acid 100
N Acetyl p galactosamine 100
D arabinose NI

D cellobiose NI

D fructose NI

L fucose NI

D galactose 50
D glucosamine NI

D glucose NI

D maltose NI

D mannose NI

D xylose NI

D saccharose NI

NI denotes that inhibition was not observed.
# Minimum concentration of sugars required to completely inhibit hemaggluti-
nation activity.

[ Relative hemagglutination activity (%)
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Fig. 4. pH stability of EantH assessed by the hemagglutination assay. Each bar shows the
mean + SD from three experimental replicates. Titers that give full hemagglutination
are shown as 100%.

L. and E. sp., the activity of EantH rapidly declined at pH values above 10
[23]. EantH was found to be inactive at a temperature of 95 °C (Fig. 5).
These results showed that EantH was a thermostable lectin, in contrast
with other plant lectins, which are reportedly not stable above 60 °Ce.g.
lectin from seeds of Archidendron jiringa Nielsen (stable up to 45 °C) [2],
an N acetyl b glucosamine specific lectin from the rhizomes of Arundo
donax (55 °C) [5] and Eutirucallin from the latex of E. tirucalli (55 °C) [7].

Lectins can be divided into 3 main types, based on their divalent cat-
ion requirements for carbohydrate binding [22]. The C-type lectins,
which require Ca®*, include mannose-specific lectin [22] and selectins
[24]. The S-type lectins, which are soluble proteins and are Ca®*-inde-
pendent, include galactose-specific lectins and galactin [22]. The L-
type lectins (legume lectins) require both Ca®>* and Mn?* [22]. Since
metal ions are needed for binding to carbohydrate by some lectins, the
natural occurrence of metal ions in a fresh sheet of E. antiquorum latex
was examined by two synchrotron-based techniques, XRF and XAS.
The effects on the hemagglutination activity of EantH of the
ions found were also analyzed. The XRF spectra showed that Ca>* and
Zn>* were the main metal ions occurring in the natural latex of E.
antiquorum (Fig. 6). The compounds of Ca and Zn in the latex were iden-
tified using the XAS technique. Ca and Zn K-edge XANES spectra of the
plant latex were compared and identified by comparison with reference
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Fig. 5. Temperature stability of EantH assessed by the hemagglutination assay. Each bar

presents the mean + SD from three experimental replicates. Titers that give full
hemagglutination are shown as 100%.



36

J. Siritapetawee et al. / International Journal of Biological Macromolecules 120 (2018) 1846-1854 1851
Excitation
6000 erlergy
1 E. antiquorum fatex
- s
s k= Zncl
< 5000 3 2
- o
3. g 2n(NO,),
‘@ 4000 5
< o Zns0,
2 N
= =
= 30004 g Zn0
] =
(%) o .
(l:) =z 2Zn foil
2000
g Ca
2 cl (Ka) T T T T 1
(<] Ko 9640 9660 92680 9700 9720 9740
S 10004 ) Zn
e " (% [\ (43 (Ko Energy (eV)
0
20'00 40'00 GIJ'OD 8!;00 10600 12609 Fig. 8. Comparision of the Zn K-edge XANES spectra of the natural latex of E. antiquorum

Energy (ev)

Fig. 6. X-ray fluorescence spectra of some metals and trace elements contained in the
natural latex of E. antiquorum. Calcium (Ca) and zinc (Zn) are the major metallic
components of the latex.

compounds. Ca K-edge XANES spectra of the latex (Fig. 7) showed a
high degree of similarity to calcium oxalate monohydrate (C,04.Ca.
H,0), which has been reported to occur in the latices of various plant
species [25]. For Zn the K-edge XANES spectrum of the latex showed
features similar to zinc sulfate (ZnSO,) and/or zinc nitrate (Zn(NOs),)
(Fig. 8). Compounds of Zn?>* and Ca?" distributed in the plant latex
were difficult to specify since both ions can interact with other organic
or inorganic compounds in the plants [26]. From the XRF and XAS
data, CaCl, and ZnCl, were used in determining the effects of Ca®*

and Zn?* on the hemagglutination activity of EantH, and the effect of
achelating agent (EDTA) was also determined. Comparison of the hem-
agglutination activity of untreated EantH and EantH treated with CaCls,
ZnCl, or EDTA at concentrations up to 0.1 M for 16 h at4 °Cshowed that
the activities of the treated and untreated lectin were the same. This
suggests that the carbohydrate recognition domain of EantH does not
require metal ions, as the chelating agent (EDTA) did not abolish its ac-
tivity. The metal ion independence of carbohydrate binding by EantH is
similar to that of a galactose/lactose-specific lectin (Eutirucallin) from E.
tirucalli latex [7].

As the sugar specificity of EantH was b galactose > N acetylmuramic
acid ~ N acetyl p galactosamine, the antibacterial and antifungal activi-
ties of EantH were investigated. The minimum inhibitory concentration
(MIC) and the minimum microbicidal concentration (MMC) of EantH, in

and reference compounds. The reference compounds are zinc chloride (ZnCly), zinc nitrate
(Zn(NOs),), zinc sulfate (ZnSO,), zinc oxide (ZnO) and zinc foil (Zn foil).

the condition with and without treated with p galactose, are shown in
Table 3. In the condition without b galactose treatment, EantH inhibited
the growth of the Gram-positive bacteria S. aureus and S. epidermidis
with a MIC of 2000 pg/ml but the bacteria were not killed by EantH at
a concentration of up to 4000 pg/ml. The protein inhibited the growth
and killed S. agalactiae (Group B) with MIC and MMC of 250 pg/ml
and 2000 pg/ml, respectively. The Gram-positive rod anaerobic bacte-
rium P. acnes, with a MIC of 125 ng/ml, was killed by EantH with a
MMC of 1000 pg/ml. Neither Gram-negative bacteria (E. coli) nor yeasts
(C. albicans and C. parapsilosis) were growth-inhibited or killed by
EantH, except that a Gram-negative bacterium, S. typhimurium was
growth-inhibited but not killed, with a MIC of 1000 pg/ml. When
EantH was preincubated with p galactose (200 mM), the protein lost
the microbicidal activity against S. agalactiae, S. typhimurium and P.
acnes (Table 3), but retained growth inhibition activity against S.
agalactiae and P. acnes with MIC of 2000 pg/ml and 1000 pg/ml, respec-
tively (Table 3). In addition, the antimicrobial activity of EantH was ab-
solutely abolished by heating the protein at 95 °C for 1 h, due to
denaturation and aggregation of the protein.

Since EantH inhibited the growth of P. acnes and S. typhimurium and
killed P. acnes, the effects of this lectin at MICso on the ultrastructure of

Table 3
Minimum inhibitory concentration (MIC) and minimum microbicidal concentration
(MMC) of EantH.

Microorganism Concentration of EantH (ug/ml)

Energy (eV)

Fig. 7. Comparision of the Ca K-edge XANES spectra of the natural latex of E. antiquorum
and reference compounds. The reference compounds are calcium acetate monohydrate
(Ca(CH3C00),.H20), calcium oxalate monohydrate (C304.Ca.H30), calcium chloride anhy-
drous (CaCl,), calcium carbonate (CaCO3) and calcium oxide (CaO).

Without With p Galactose
D Galactose
§ MIC? MMC®  mIC Mmc®
c E. antiq latex
-E Gram-positive bacteria
g Ca(CH,C00),H,0 Staphylococcus aureus 2000 >4000 2000 >4000
8 Staphylococcus epidermidis TUH93 2000 >4000 2000 >4000
ﬁ C,0,CaH0 Streptococcus agalactiae DMST 17129° 250 2000 2000 >4000
'E CaCl, Gram-positive anaerobic bacteria
= Propionibacterium acnes DMST 14976° 125 1000 1000 >4000
E CaCo,
= P Gram-negative bacteria
2 G Escherichia coli ATCC 25922°¢ >4000 >4000 >4000 >4000
Salmonella Typhimurium ATCC 13311¢ 1000 >4000 >4000 >4000
Fungus
T T T T 1 Candida albicans ATCC 10231 >4000 >4000 >4000 >4000
4020 4040 4060 4080 4100 4120 Candida parapsilosis ATCC 22019 >4000  >4000  >4000  >4000

Antimicrobial assays were done in triplicate (n = 3).

2 MIC is the minimum inhibitory concentration of EantH that inhibits microbial cell
growth.

b MMC is the minimum concentration of EantH that kills 99.9% of microorganism
(MMC).

© Bacteria that have galactose in their cell walls have been reported.
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Fig. 9. Scanning electron microscopy of P. acnes cells, either untreated (A) or treated (B and €) with MICsp of EantH under anaerobic conditions at 37 °C for 24 h. The ultrastructure of the
bacterial cells in the absence of EantH are unchanged and shows smooth cell walls (A); in contrast the morphology in the presence of the lectin shows shrinking and blebbing (B), cell

clumping and decreased cell sizes (C).

these bacteria were investigated by SEM. The visualized morphologies
of untreated cells (Fig. 9A and Fig. 10A) and those treated with EantH
(Figs. 9B, C and 10B) were compared. EantH induced bacterial cell
clumping (Fig. 9C), decreased cell sizes and produced morphological
perturbation of the bacterial cells by shrinking and blebbing (Figs. 9B,
C and 10B). In contrast with the treated bacteria, the untreated cells
had unchanged morphology and smooth cell walls (Figs. 9A and 10A).
In addition, the morphology of some treated S. typhimurium cells
changed slightly from that of the untreated bacterial cells (Fig. 10B).
This result corresponded to the antibacterial activity of EantH using

broth dilution and agar plate techniques, which indicated that EantH
had bacteriostatic but not bactericidal activities against S. typhimurium.

EantH inhibited the growth of Gram-positive bacteria but not a
Gram-negative bacterium (E. coli), even though their cell walls contain
N acetylmuramic acid, a major component of the peptidoglycan layer
[27]. The cell walls of Gram-negative bacteria differ from those of
Gram-positive bacteria by having outer membranes that contain many
lipoproteins, of which one-third are covalently linked to the peptidogly-
can layer [27]. The lipid and protein compositions of the outer membrane
may resultin the EantH resistance of the bacteria [28]. The cell walls of P.

Fig. 10. Scanning electron microscopy of S. typhimurium cells, either untreated (A) or treated (B) with MICso of EantH at 37 °C for 24 h. In the absence of EantH the bacterial cells are
unchanged and show smooth cell walls (A); in contrast their morphology in the presence of the lectin shows shrinking and blebbing (B). Arrows indicate the morphology of some

treated S. typhimurium cells slightly altered from untreated bacterial cells (B).
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acnes are composed mainly of peptidoglycan, neutral sugars (53.5%),
fatty acids (2.3%), amino acids and amino sugars [29]. Since galactose is
present in the cell walls of P. acnes (amounting to 2.24%), the
galactose-binding lectin EantH binds to these cells [29]. In addition,
EantH could also bind to the N acetylmuramic acid component of the
peptidoglycan. EantH binding to galactose and N acetylmuramic acid
on the cell walls of the bacteria produced cell clumping and ultrastruc-
tural changes, as shown in this study. Drastic changes in P. acnes cell
walls can induce bacterial cell death [30]. Other bacteria with
galactose-containing cell walls are S. agalactiae [31], E. coli [32] and
S. typhimurium [33]. EantH inhibited growth and killed S. agalactiae by
binding to galactose and N acetyl muramic acid on the cell of this
Gram-positive bacterium. EantH inhibited growth without killing
S. typhimurium and did not inhibit E. coli even though their cell walls con-
tain galactose, since the walls of these Gram-negative bacteria differ from
those of Gram-positive bacteria as described above. Neutralization of the
antimicrobial activity of EantH with D galactose strongly confirmed that
EantH could inhibit the growth and/or kill bacteria containing galactose
in their cell walls. Lectins that act as antifungal agents have been re-
ported [4], their interaction with carbohydrates present in fungal and
yeast cell walls inducing growth inhibition and cell death [4]. The results
presented here show that EantH could not inhibit the growth or kill C.
albicans and C. parapsilosis, since the cell walls of fungi and yeasts are
composed mainly of glucan, cellulose, mannoproteins and chitin (a
long-chain polymer of N acetyl b glucosamine) [34], which are not recog-
nized by EantH. In addition, most of outer layer of yeast cells is covered
by a network of mannan chains [35], mainly complexed with proteins.
Mannoproteins in yeast contain 50-95% carbohydrate by weight, com-
prising minor amounts of galactose, rhamnose, glucose, fucose and xy-
lose [35]. Consequently, EantH had no anti-Candida activity. The cell
walls of some fungi have major carbohydrate components, of galactose
and complexed galactose such as the galactomannan of Aspergillus [35].
Therefore, the antifungal activity of EantH against fungi with cell walls
containing a galactose will be studied further.

The results presented in this study confirmed that EantH is a plant
lectin that can interact with galactose more strongly than with
N acetylmuramic acid. The lectin has bacteriostatic and bactericidal
properties toward bacteria that contain galactose in their cell wall. In
addition, EantH can bind to N acetyl p galactosamine, which is found
in the cell walls of some microorganisms e.g. a Gram-positive bacillus
[36] and has an important role in cancer cell adhesion [37]. The effects
of EantH on other microorganisms and cancer cells will therefore be in-
vestigated in further studies.

4. Conclusion

EantH, a galactose-specific thermostable lectin derived from E.
antiquorum latex, bound carbohydrate in a Ca? *-independent manner,
similar to the S-type lectins. EantH had bacteriocidal activity toward
an anerobic bacterium, P. acnes and a Gram-positive coccus bacterium,
S. agalactiae which have cell walls composed of galactose and
N acetylmuramic acid, allowing the lectin to bind. When the lectin inter-
acts with carbohydrates on the bacterial cell wall the ultrastructure of
the bacteria is drastically changed, producing growth inhibition and
then death of the bacteria. Since the lectin binds to N acetylmuramic
acid more weakly than to p galactose, it only inhibits the growth of
some Gram-positive bacteria such as S. aureus and S. epidermidis, with-
out killing them. The cell walls of the Gram-negative bacteria E. coli and
S. typhimurium also contain N acetylmuramic acid and galactose, but
EantH could not inhibit the growth of E. coli or kill S. typhimurium, prob-
ably because lipoproteins on their cell membranes interfere with bind-
ing of the lectin to the carbohydrates in the cell walls. The lectin had no
anti-Candida activity, as it does not bind to carbohydrates in the yeast
cell wall, which are composed mainly of glucan and chitin. Further stud-
ies will address the effects of EantH on fungi which have cell walls con-
taining galactose, and since EantH can bind to N acetyl b galactosamine,

the antimicrobial activity of EantH against other microorganisms, nor-
mal cells and tumors, in humans and animals, will be determined.
Since this protein is stable at high temperature and across a broad
range of pH values and has antimicrobial activity, it may have medical
applications as an antimicrobial agent.
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