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SUMMARY

Aqueous extracts from bulb, leaf and root of garke plant colfected at Vanhung-Vanninh, Khanhhoa were
exammned for hemapglutination activity using pative apd enzyme-treated different animal and human
erythrecytes. All extracts agglutmated at least one type of erythrocytes tesied. Activity was detected in extracts
from garlic bulb, teaf and root with enzy d rabbit erythrocytes. The b inins of active species
were examined for sugar-binding ity with various 1des and gl L
stablity, and effect of divalent cations using ammonium sulfate precipitates prepared from their extraets.
Activity of the hemagglutinins was not inhibited by monosaccharides, but was mhibited by some glycopreteins
tested. The inhibition profiles with ins were different depending on hemagglutinin species, activity
of hemagglutinins from garlic leaf and bulb was inhibited by high-mannose type N-glycans, whereas activity of
hemagglutinin from garlic root was inhibited by complex type N-glycans, indicating that each part of garlic
plant contzins different lectins. On the other hand, the activities of hemagglutinins were stable over a wide
range of pH and temperature, and independent of the presence of divalent cations. Hemagglutinins from garlic
leaf and bulb inhibited the growth of bacterium Enterobacter cloacae, bud did not affect other bactena
examined. These obtained results suggest that the parts of garlic plant may be good sources of useful lectns for

many hiological apphcations.

Keywords:  Allum  sattvum,
Hemagglutinins, Lectins, Stability.

INTRODUCTION

Lectins are carbohydrate-binding proteins that
specifically recognize diverse sugar structures and
thus mediate various biological processes, viz., cell-
cell and host-pathogen interactions, and serum
glycoprotein twmover besides imnate  immune
responses (Vijayan, Chandra, 1999). Lectins are
known to occur in most of the organisms ranging
from viruses and baeteria to plants and animals (Lis,
Sharon, 1998). They represent a heterogenous group
of oligomeric proteins that vary widely in size,

and Jecul: ion. Lectins are
found predominantly as storage proteins in planta.
Commonly plant lectins are found in abundance in
seeds and bulbs, although they may also be found in
the leaves of some planis. The content of lectin
varies in different organisms. The high yields of
lectins from different sources may facilitate mass
production. Application of Tlectins is possible

activity, C bindi)

Garlc  plany,

depending on their properties. The anti-fungal and
anti-imsect activities of lectins can be made use in the
control of pathog The production of anti-tu

and anti-viral drugs based on lectins may also be
feasible (Lam, Ng, 2011).

Most commonly consumed plant foods contain
fectins, and many of these foods are eaten raw, while
others contain lectins that are active even after
cooking and processing. A delicate equilibrium
exists within lhe ahmenta.ry canal bctween lectins,
dietary h b viruses,
bacteria and host cells (Ktlpatntk 1999). Garlic is
well known across the centuries. It was used as a
medicine by early civilizations (Rivlin, 2006). Garlic
is widely consumed as an important spice all over
the world. The health-beneficial effects of garlic
(Allium sativum) have long been known and parlic
has a reputation for its efficacy as an anti-microbial,
anti-oxidant, anti-carcinogenic, anti-mutagenic, anti-
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hypertensive and immuno-modulatory agent (Corzo-
Martinez ef al., 2007). The anti-cancer effects of
garlic are being extensively researched and most of
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Garlic plant Alfium sativum has been cultivay
in many countnes as the valuable sources of &
and medicine, Tn V-emam garlic plant has by

these effects have been atributed to the or Ife

compounds such as diallyl sulfide, diallyl disulfide,
diallyl  trisulfide,  S-allylcysteine eor 8-
allylmercaptocysteine (Ross, Milner, 2006). Recent
findings have shown tbat the anti-tumor effect of
allyl sulfur compounds may be related to their anti-
inflammatory as well as immune-stimulatory
properties (Iciek er al., 2009). Furthermore, one of
the most important direct defense responses in plants
against the attack by phytophagous insects is the
production: of insecticidal peptides or proteins. One
particular class of entomotoxic proteins present in

nsively at Bacninh, Vm.bpﬁ
Haiduung, Lyson-Quangngai, Ninhhoa-Khaniby
Ninhhai-Ninhth with the production of 2,000 e
per year. Those garlic species may contribue a,
source of wot only attractive spice but also oty
bioactive compounds for biochemical and mediciud
uses. On the other hand, in the harvested process, i
garlic bulbs were only collected, whereas their by
and root were nearly all removed, where they my
contain useful bioactive compounds for varim
applications. The objective of this research wast
biochemically ch ize the h lutining a
biological activity d from different parts of

.

many plant species is the group of carbohyd:

binding proteins or lectins (Vandenborre ¢ al., 2011).

Among the plant lectins, lectins exhibiting either
mannose or mannose/glucose sugar binding afﬁm!y
have been i d greatly, includi G h

nivalis agglutinin, Concanavalin A and Prsum
sativum agglutinin, which revealed palpable anti-
metabolic effects towards members of the
homopteran insects both under n vitro (Rahbe er al.,
1995) as well as in planta conditions (Powell et al.,

garlic plant for future applications.

MATERIALS AND METHODS

Materials

Garlic plants Alfium satvum were collected &
Vanninh District, Khanhhoa Province, Vietnam i
March, 2014. After collection, the bulb, leaf and roo

1995; Gatehouse ef al., 1996). Among the
binding lectins, G. rmivalis agglutinin (GNA) has
been widely studied and intreduced into different
plants, viz, rice, wheat and tuber crops (Nagadhara
et al., 2003, 2004; Gatchousc ef al, 2003).
Transgemic  plants expressmg GNA  showed
significant entomotoxic effects as evidenced by
insect bil under lled diticns {Couty
et al., 2001). Similarly, bioassays based on artificial-
diet-feeding system, using mannose-specific lectin
from Alium sativum agghitinin showed anti-
metabolic effects towards green leafhopper and
brown planthopper insects (Majumder ¢ ai., 2004).
Expression, of garlic lectins in tobacco conferred
resistance against tobacco aphid and cotton leaf
worm, respectively (Sadeghi et af., 2007, 2008). The
transgenic rice lines expressing garlic leaf lectm
gene was also reported for exhibiti

was cut, , and were kept at ~ 20 °C il
being used to extract protein, Blood from rabbit anf
chicken was obtained from the Institute of Vacein
Nhatrang, Vietnam, and human A-, B-, and O-yp
blood was obtained from Khanhhoa Genenl
Hospital, Viemam. Transferrin, fetuin, asialo-fetuin
porcine  stomach  thyroglobulin and  bovin
submaxillary mucin were purchased from Sigma @t
Louis, MO). Yeast mannan was from Nake
Chemical (Kyoto, Japan). All other chemicals ustf
in this study were of the highest purity availabie. 8z
species of  human pathogenic  bacteri
Staph aureus, P aeruginost,
Escherichia coli, Enterobacter cloace, Bacills
cereus and Streptococcus facalis were oblaimé
from Institute of Pasteur-Nhatrang, Three species o
shrimp pathogenic vibrios, Vibric alginolyticn

resistance against green leathopper and brown
planthopper pests (Saha ez al., 2006). Recently, the
gene encoding lectin from garlic leaf was introduced
into transgenic indica rice and exhibited surpassing
resistance against gtccu leafhopper‘ ‘brown

and whi d pper insects
(Yarasl er al., 2008). Thus, garhc plant may be a
dominant sources of useful lectins for basic research
and application in biomedicine and transgenic plants.
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Vibria parah iyticus and Vibrio harvey wer
obtained from Institute of Aquaculture Research No
3, Nhatrang, Vietnam.

Preparation of extracts and ammonium sulfst
precipitates

A 100 g sample of each part of garlic plant (bub
leaf and root} was homogenized for 1 min in a blend
with 6 volumes of 0.02 M phosphate buffer, pH 7
coptaining  .85% NaCl (PBS), and kept 8
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4°C for 12 h with occasionally stirring. After filtration
through a cheese cloth, the filtrate was centrifuged at
8,000 rpm for 10 min. The supermnatants were stored at
20 °C until wsed. Hemagglutination tests were
‘carried out with erythrocytes from human and various
‘anumals in a native state or enzyme-treated with
‘trypsin and papain. To the supematant (extract), solid
‘apumonium sulfate was slowly added to attain 75%
'saturation. The mixture was genﬂy stirred and r.hen
‘kept at 4°C for 18 h. The preei were

sugar or glycoprotein were prepared in saline. To
each well, an equal volume of a hemagglutinm
solution with a hemagglutination titer of four was
added, and the plate was mixed gently and allowed
to stand at room temperature for 1 h. Finaily, 25 uL
of a 2% suspension of trypsin-treated rabbit
erythrocytes was added to each well, and the plate
gently shaken and incubated for a further 1 h.
Inhibition was observed macroscopically and

‘by centrifugation at 6,000 1pm for 30 min, d:ssolved
lin a small volume of PBS, and tt

inhibition activity was expressed as the lowest
conccntratmn of sugar or glycoprotem at which
of

‘against the same buffer overnight. The nondlalyzable
fmcuon was recovered as ammonjurn sulfate
i used for 1 lutination—inhibiti

was
ﬂclncved The assay was performed in duplicate per
sugar compound The following sugars and

| stability and biological activity tests.

Preparation of a 2% suspension of native and
enzyme-treated erythrocytes

Each blood sample was washed three to five
Eu'nes with 50 volumes of saline. After washing, a 2%
eryth ion (v/v) was prep in saline
and used as mative erythrocytes. Trypsin- or papain-
treated erythrocytes were prepared as follows. One-
tenth volume of 0.5% (w/v) trypsin or papain solution
was added to a 2% native erythrocyte suspension, and
the mixture was incubated at 37°C for 60 min. After
incubation, the erythrocytes were washed three to five
times with saline and a 2% ion (v/v) of

were tested: the monosacchandes D-
glucose, D. and N-acety! inic acid
(siahc acid); and the glycoproteins transferrin,
asialo-transferrin, fetuin, asialo-fetuin, yeast mannan,
porcine stomach thyroglobulin, bovine submaxillary
mucin, and asialobovine submaxillary mucin,
Asialo-transferrin  and asialobovine submaxillary
mucin were prepared by hydrolyses of their parent
sialoglycoproteins with 0.05 M HCI for 1 h at 80°C
followed by dialysis against saline overnight.

Effects of divalent cations, pH, and temperature
on hemagglutination activity

To examme the effects of divalent cations on

trypsin- or papain-treated erythrocytes was prepared
in saline (Hung et gl., 2009a).
Hemagglutination assay

Hemagglutination assays were carried out using a
microtiter method in a $6-well microtiter V-plate (Hung
et al., 2009a). Fisst, 25 uL of serially two-fold dilutions
of a test solution were prepared in saline on a microtiter
V-plate. 7o each well, 25 pL of a 2% erythrocyte
suspension was added and the mixtures gently
shaken and mncubated at room temperature for 2 h

activity, a 1 mL aliquot of a
hemagglutinin - solution was dialyzed at 4°C
overnight against 100 mL of 50 mM EDTA in PBS.
The non-dialyzable fraction was recovered and
hemagglutination activity in the presence or absence
of divalent cations (10 mM CaCly or MgCl;) was
determined.

To examumne the effect of temperature, a 1 mL
aliquot of a hemagglutinin solution was heated at
various temperatures (from 30 to100 °C) for 30 min,
then immediately cooled on 1ce, and
fon activity was determined as above.

Hemagglutination was cbserved pically

and judged as posmve in the case that more than

0% of crythmcytes in the well were agglutmated

ination activity was exp d as a titer,

the reciprocal of the highest two-fold dilution

exhibiting positive hemagglutination. The assay was
carried out in triplicate for each test solution.

Hemagglutination-inhibition test

Hemagglutination-inhibition tests were carned

To examine the effect of pH, a | mL aliquot of a
hemagglutinin - solution was dialyzed at 4°C
overnight against 0.05 M buffers of varous pH
(from 3 1010) and then dialyzed against saline to
eliminate the pH effect. The non-dialyzable fractions
were assayed for hemagglutination activity. The
following buffers were used; acetate buffer for pH 3,
4 and 5, phosphate buffer for pH 6 and 7, Tris-HCI
buffer for pH 8 and carbonate buffer for pH 9 and 10.
Hemagglutinati activity was determined with

out using sulfats
to the method previously descnbed (Hung et nl
2009a). First, 25 pL of serially two-fold dilutions of

trypsin-treated rabbit erythrocytes (Hung et af.,
2009a).
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Protein contents

Protein contents were determined by the method
of Lowty ef al. (1951) using bovine serum albumin
as a standard.

Screening on antibacterial activity

The ial assay of sulfate-
precipitates from each part of garlic plant was
performed by the agar disc diffusion method (Parekh,
Chanda, 2006). The bacteria were grown in medium
containing nutrient broth and yeast malt broth, and
mcubated ovemight in a shaker 37 °C. The cell
concentration of bacteria was determined by
measuring the suspension turbidity at 600 nm, and
converted to colony forming units (10°-10° CFU/mi)
using & calibration curve. As a positive reference,
ampicillin solution (1.0 mg/mL) in a medium was
examined n the same way. As a negative control
without both precipitate and ampieillin was incubated
in the similar way. The disc (0.6 cm) was saturated
with 20 pL of the test compound or ampicillin,
allowed to dry and then placed on the upper layer of
the seeded agar plate. The plates were incubated
overnight at 37°C. Antibactedal activity was
determined by measuring the diameter of the zone of
inhibition (mm) surrounding bacterial growth.

RESULTS AND DISCUSSION
Hemagglutination activity from different parts of
garlic plant

Extracts from three parts of garlic plant showed
relatively strong activities with enzyme-treated

rabbit erythrocytes, but no b lutination with the
other types of eryth irrespective af
with enzymes (Table 1).
Sugar-binding specificities
Ftom the 3 species, carbohydrate-binding

specificity of cach hemagglutinin was examined for
hemagglutination—inhibition test with a series of
sugars and glycoproteins

using ium sulfate precip p from
each extract. The hemagglutmatlon acuwnes of these
hemagglutinins were not nhibited by any of the
monosacchandes exammed. On the other hand, their

Le Dinh Hung ef o}

(Table 2). The hemagglutination activity of garlic
bulb and leaf was inhibited by yeast mannan aad
asialo-porcine  thyroglobulin, both have hig
N-glycans in molecul Porcisk
thyroglobulin did not exhibit any inhibitory activity
even at conoentration of 2 mg/mL. This glycoprotd:
bears both high-mannose type (unit A-type) and
complex type (unit B-type) oligosaccharides. Amod
the unit B-type, the major N-glycans contamn at lesst
9 different structures consisting of mono- and
disialylated (a1-6) fucosylated bi-, triantennary
structures terminated either with (a2-3) or (a2-63
linked sialic acid or (B1-4)-linked galactose residues
(Yamamotao et al., 1981). The elimination of sialic
acid residues of porcine thyroglobulin enhanesd
inhibitory p of parental glycoprotein, clearly
indicating that the presence of sialic acid as 3
terminal residue affected the activity of the
carbohydrate toward these hemagglutinins. The yeast
mannan, which bears high mannose N-glycans with
the (u1-6) linkage in 1its backbone and (e1-3) linkage
in this side chains, showed strong inhibitory activity
toward three hemagglutinins, The data indicate that
the garlic bulb and leaf cach contain, at lcast, a l:chn
specific for high type N-gly
hemagglnnmn from the garlic leaf showed the
strongest high-mannose binding specificity am¢
three hemagglutinins examined (Table 2). Practical
the mode of molecular recognition toward hi
mannose type N-glycans has also been intensively
reported for lectins from various sources, such as
lectin from bactetium Pseudomonas fluorescens
(Sato e al, 2012), the legume lectin ConA
(Naismith, Field, 1996), the monocot mannose--
binding lectins (Barre et al., 1996), lecting from
garlic bulb and leaf (Dam ef al., 1998), lectins from
the cultivated macroalgae (Hori et af,, 2007; Hung f
al, 2009b, 2011, 2014), and lectins from
cyanobacteiria (ZiGlkowska, Wledawer, 2006). All
them showed the different binding affinity in the
structures of branched oligomannosides of high-
mannose type N-glycans. In contrast, b
hemagglutinin from garlic root showed distinct
carbohydrate binding specificity compared with that
of the hemagglntinins from the garlic bulb and leaf:
The hemagglutination activity of hemagglutinin fan
garlic root was inhibited by asialo-fetuin, porcihe
thyroglobulin and its derivative, but was not

were inhibited by
glycoprotemns bearing high mannose N-glycans and
complex  AN-glycans. The hemagglutination—
nhibition profiles with a vamety of glycoproteins
differed depending on hemagglutinin species

500

inhibited by yeast mannan even at concentration of 2
mg/mL. Fetun bearing both complex type N-glycans
and O-glycans and porcine stomach mucin bearing
O-glycans were no inhibitory, whereas asialo-fetuin
was moderately inhibitory, indicating that that the
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presence of sialic acid as a terminal residue
prevented interaction between hemagglutinin and

(B14) residues. The hemagglutination—inhibition
profiles are diverse, depending on the originating

fetuin (Figure 1). The data indicate that the parlic  species. The results suggest the presence of lectins

root contains, at last, a lectin speeific for complex  specific for high N-gly and iplex, N-
type N-gly that can ize the 1 Gal glycans in parts of garlic plant.
Table 1. Hemagglutination activities of extracts from parts of garlic plant. The activity 13 asa
titer that is the reciprocal of the highest two-fold dilution exhibiting positive agghutination,

Specles Rabbit. Chicken Human A Human B Human O

Na Tb Pe N T P N T P N T P N T P

Garlc bulb - 16 4 - - - R - - - . s e

Garlic leaf 32 4 _

Garlic root - 128 512 - - - - - - - - - -

* Native erythrocytes. ® Trypsin-treated erythrocytes, © Papain-reated erythrocytes. - Mo hemagglutination.

inhibit

Table S
wﬂcemratlon of sugar (mM) and glycnproreln (pg/mL) atwhich

from parts of garlc plant Values indicate the lowest
plete inhibition of (tlter 4) was achievad.

Sugar & glycoprotein
Sugar (m)
Monosacchandes *
Glucose

Garlic bulb Garlic leaf ‘Garlic root

Mannese

Sialc acid

Glycoprotein (g mL™")
Transferrin

Fatun

Aslalo-fetuin

Pacine thyroglobulin
Aslalo-pocine thyraglobulin
Yaast mannan

Porcine stomach mucin
Asialo-Porcine stomach mucin

250.0
1250
500.0 166 €

5000

1250
62.5

* The are in Materials and methods.
- Indicates no inhibitiort at 100 mM for monosaccharides and at 2000 pg/ml for glycopratens.

NeuAca2-3Galpi 4G|cNAeM\

2 M a1\
N euAcn2-6/GalB1-4GlcNAcR1 s
/3M3n31-4GIcNAcB1-4GIcNAcB1-N-Asn

NeuAca2-6/Galp1-4 GleNAcB1—2Manat

Figure 1 The sialic acid residues (Square) of fetuin affected

to activity of from garlic root

501



|
Le Dinh Hung etqf

d by heating at 90 °C for 30 mi, |

Effects of divaleat cations, pH, aad p
on hemagglutination activity

The effects of pH and temperature on
hemagglutination activity of the hemaggintining
from some active species shown in Figure 2. Most of
the  hemagglutination  activites of these
hemagglutinins were unchanged after being dialyzed
against 50 mM EDTA and in the presence of 10 mM
CaCl; or MgCl,. Addition of CaCl , or MgCl; at
10 mM concentration restored almost the total
hemagglutination activity initially. The
hemagglutination activities of hemagglutinin from
garlic bulb was alsa thermostable because its activity

was
however, the activity slightly decreased 'y
ded 90 °C (Figure 24
On the other hand. the hemagglutination activitiefof
hemagglutinin from garlic leaf and root were hea '
lahﬂ: because the acuvmes was  significantly
d as the ik p exceedo]
50 °C and 60 °C, respectively (Figure 2a).
‘l'hree hemugghmnms from parts of garlic plan
g their activities over a range of
pH values between 5 and 8 with a slight decreass in
activity in more acidic and alkaline medin. The
activity of hemagglutinin from garlic bulb we
unchanged at a pH range between 3 and 9 (Figure 2b) !

»
e ~10 -
o o
B e 58 i
Y 56 o
E g
5 49 S 4 '
2 3
2 g2
E £21 )
%44 To——
N W 40 50 6 70 80 % 100 3 4 5 6 7 8 9 1
Temperature{® C) pH
Figure 2, Effects of lemperature (a} and pH (b} on activibies of sulfate ﬁ

from parts of garlic plant. Garlic bulb ( * ). garlic Ieaf(_n_) and gariic root ( L H

prepared 'y
v}

Antibacterial activity Three bemagglutinins did not affect the growth of
other bacteria tested. Standard ampicillin (18

The ib 1al activity of h i mg/mL) was also used along with the
from parts of garlic plant was d with six h lutining for pari where it showed
spec:es of human pathogenic  bacteria  the diameter of the inhibitory zone was 12 mm.
hyl aureus, Pseud aerugi The degrees of inhibition at 10.82 mgml
E.vchenchm coli, Enterobacter cloace, Bacillus ions of h inin from garlic leaf
cereus and Streptococcus facalis and 3 species of was comparable to that of ampicillin (1.0 mg/mL),
shrimp pathogenic marine bacteria Vibrio harvey: although the chemical structures of these

V. aiginolyticus and V. parah

Hemagglutinin from garlic bulb inhibited the
growth of Enterobacter cloacae with the diameter
of the inkibitory zone was 11 mm at 74.76 mg/ml.
concentration, whereas hemagglutinin from garlic
leaf showed the inhibitory zone of 12 mm at 10.82
mg/mL concentration, which was much lower than
that of hemagglutinin from garlic bulb (Figure 3).
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pounds are clearly distinet. The antibacterisl
activities have been reported for lectins from
various biological sources, sush as lectin from
Araucaria angustifolia seed showed antibacterial
activity against Gram-negative and Gram-positive:
strains (Santi-Gadelha ef al., 2006), lectin frof
Bufo arenarum skin had strong activity against
Gram negative bactetia (Escherichia coli K12
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4100 and wild strains of Escherichia coli and
Proteus morganii) and Gram positive bacteria
(Enterococcus faecalis) (Rieta ef al., 2003) or
lectin from Archidendron jiringa seed showed
activity against Bacillus subtilis, Staphyl

originating species. The result suggests that
bacterium E. cloacae have mannoside or
mannoside-like structure(s) on the cell surface
wh:ch mlghl respond as a receptor(s) for

lutinins. Thus, the garlic leaves are

aureus, and Candida albicans (Charungchitrak et
al., 2011). Therefore, the mode of bacteria-
agglutination lectins are diverse, depending on the

promising natural antimicrobial agents with

potential applications in pharmaceutical industry
for controlling the pathogenic bacteria,

Figure 3. Antibacterial aclivity of hemagglulinins from garic (eaf (a) and bulb (b) against Enferobacter clace

CONCLUSION

Garlic plant Allfum sativam has been widely
cultivated in Vietnam as the valuable sources of
spice and medicine. Hemagglutinins from parts of
garlic plant had no affinity for menosaccharides but
instead for glycoproteins bearing N-glycans. Their
hemagglutination activity was stable over a wide
range of pH and temperature and was not affected by
divalent cations. Carbohydrate binding specificity of
hemagglutlmns from parts of ga:hc plant showed

ion among them, lutinins from garlic
Ieaf and bulb recognized high-mannose type N-
glycans, whereas hemagglutinins from garlic root
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MO TA DAC TiINH VA HOAT TINH SINH HQC CUA HEMAGGLUTININ TU' CAC BO PHAN
CUA CAY TOI (ALLIUM SATIVUM)

L¢ Pinh Hﬁn§ , Ngé Thj Duy Nggc', Phan Thj Hodi Trinh', Dinh Thanh Trung’, Vi Thi Diéu Trang',
D8 Ngoc Bio”, Hoang Thi TrangP Nguyén Thj Nggc Trink’

Vign Nghién cieu va Ung dung Cang nghé Nha Trang, Vign Han Idm Khoa hoc va Cong nghé Viét Nam
*Dai hoe Nha trang

TOM TAT

Dich chiét tir cdc phé.n e, 14 viré clia cdy 16i dygc thu & Huyén Van Ninh, Tinh Khénh héa da duge kidm
tra hoat tinkh ngr.mg k&t mau voi hon I:4 cin ngwéi va dgng vit & cd dang nr nhién va dang da duge xit 1y enzyme.
Tét ca dich chiét thu duoc da ngung kér vth it nhét mot dang hong cdu drge st dyng. Hoat tinh manh da duge
phit hign trong cde dich chide tir o, 14 v4 & clia 61 vén hong céu thé duge xit 1y enzyme Ding chc két tha véi
ammonium sulfate thu dugc s cac dich chiét dé kiém tra d3c tinh lien két duimg véi céc mm'ng don va cdc
glycoprotein khac nhau, kha ning bén véi nhaét d§, pH v anh hucmg ciia caton héa trj hai dén hogt tinh ngung
ket hong cdu. Hoat tinh cda cdc ‘hemagglutinin khdng bj irc ché bin cac dutmg dom, nbung da bi irc ché béi mdt
56 glycoprowm khac nhau, phu thudc vao mau hemagglutinin, Hoat tinh cba hemagglutioin t\) 14 va o cdy tof
44 bj trc ché béi N-glycan dang hngh-mannose. trong kit 6 hoat tinh ¢a hemagghutimn tir 13 té1 Jau by ire ché
N-glycan dang phizc d3 chi ra ring mdi b§ phin ca cdy tdi chira cic lectin khac nhau, Hoat tinh clia cic
hemagglutinin bén frong mét pham vi cim nhiét @5, pH va khéng phu thude vio cation hoa tri hai. Cic
hemagglutinin ti 14 va cii 01 5 irc ché sy phét inién cla vi khuén Enterobacter cloacae, numg khéng i ché
sy phat trién caa edc vi kbuin khic da duge kiém fra. Két qua thu duge irong nghién ciru da cho thiy ring cic
bd phin clia cdy toi o6 thé 13 mét ngudn lectin hitu fch cho néu sic dung trong sinh hoc.

Tir kkda: Atlwm sativim, Cay 64, Diic tinh lién két Carbohydrate, D6 bén, Hogt tink khing khndn, Hemagglutinn,
Lectin
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