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Manila grass (Zoysia matrella) Zoy m 1 allergen
may contribute to allergic sensitization
in tropical/subtropical regions due to extensive
cross-reactivity with other group-1 grass pollen allergens
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Surapon Piboonpocanun,” Wisuwat Songnuan®®’

Abstract

Background: Pollen of grasses in Chloridoideae and Panicoideae subfamilies is a major source of grass group-1 aller-
gens in tropical/subtropical areas. Previously, most studies of subtropical grass pollen allergens have focused on Cyno-
don dactylon (Bermuda grass-Chloridoideae) and Sorghum halepense (Johnson grass-Panicoideae). However, little in-
formation is available about allergenicity of pollen from Zoysia matrella (Manila grass or Zoysia grass-Chloridoideae),
which is among the most popular turfgrasses in tropical/subtropical areas.

Objective: This study aimed to investigate the IgE reactivity and cross-reactivity of grass group-1 allergen from Z. ma-
trella. In addition, the clinical relevance of Z. matrella in comparison with other species was assessed.

Methods: IgE reactivity and cross-reactivity between recombinant proteins of group-1 allergen from Z. matrella (Zoy
m 1) and C. dactylon (Cyn d 1) were determined by ELISA and immunoblot assays. Clinical relevance of Z. matrella
pollen in Thai atopic patients was assessed using its pollen crude extract for skin-prick test, in comparison with extracts
from four other pollen species.

Results: The Zoy m 1 had high IgE binding and could interfere with binding to C. dactylon crude extract. In addition,
Z. matrella pollen extract elicited positive skin-prick test results comparable to previously reported allergenic species.
Group-1 grass pollen allergen was confirmed to be a major allergen from Z. matrella among Thai atopic patients and
was officially designated Zoy m 1.0101.

Conclusion: Zoy m 1 allergen is a major allergen from Z. matrella that cross-reacts with other group-1 grass pollen
allergens in the tropical/subtropical region.
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rye grass, orchard grass, canary grass, and velvet grass. Fur-
thermore, the major allergens and serum IgE cross-reactivity
of these grasses have been extensively characterized."”** Two
other grass species considered to be major sources of aller-
genic pollen in the temperate regions are Bermuda grass (Cy-
nodon dactylon) from Chloridoideae subfamily and Johnson
grass (Sorghum halepense) from Panicoideae subfamily.

The grass group-1 allergens or beta-expansins are ma-
jor allergens with the highest potency and prevalence among
Panicoideae and Chloridoideae grasses, and the similarity of
these allergens could indicate the level of cross-reactivity.>®’
Of all group-1 allergens from these two grass subfamilies, Cyn
d 1 from C. dactylon and Sor h 1 from S. halepense are the
most well-characterized allergens.

In comparison, knowledge about grass pollen allergen
sources in tropical/subtropical zones is scarce, especially in
Asia Pacific region, where genetic diversity of grasses is sub-
stantially higher. Notably, Pooideae grass species are rarely
present in this region. In Thailand, grass pollen can be found
throughout the year, with high peaks in May and September.
The identity of major species contributing to the airborne
grass pollen and grass pollen sensitization, however, cannot
be discerned from similar-looking pollen captured in the sur-
vey. To overcome this hurdle, pollen from prevalent candidate
species must be individually tested for IgE reactivity and al-
lergenicity. Based on skin prick test results from ENT Allergy
Clinic at Siriraj Hospital, Bangkok, C. dactylon and S. halep-
ense had been identified as important allergen sources, along
with Urochloa mutica (Para grass), another member of the
Panicoideae subfamily.’

Manila grass [Zoysia matrella (L.) Merr.], another mem-
ber of the Chloridoideae subfamily, is found in high abun-
dance in several countries in Africa, North America, Central
America and Caribbean, South America, Asia and Oceania,
where it has become one of the most popular choices for
turfgrass.”® Recently, we sequenced the ¢cDNA of group-1
grass pollen allergen from Z. matrella and showed that it
was almost identical to previously characterized allergens.!

However, no information about Z. matrella pollen allergenici-
ty has been reported. This study aimed to assess the IgE reac-
tivity and cross-reactivity of group-1 allergen from Z. matrel-
la. Furthermore, a skin prick test using crude extract of the
Z. matrella grass pollen, alongside other grass pollen extracts,
was performed to determine its clinical relevance.

Materials and Methods
Patient selection

For the immunoreactivity and cross-reactivity study, pa-
tients > 18 years old with allergic rhinitis and/or asthma
symptoms were recruited at the ENT clinic, Siriraj Hospital,
Bangkok, with written informed consent. Exclusion criteria
include chronic diseases, skin lesions around testing areas,
history of anaphylaxis, and pregnancy. Patients were subjected
to skin prick testing (SPT) with crude extracts from Cynodon
dactylon (CD), Urochloa mutica (UM), Amaranthus hybridus
(AH), and Cyperus mitis (CM). Normal control samples were
obtained from non-atopic donors with negative SPT results
with C. dactylon pollen extract. Sera from seven patients with
positive SPT results with C. dactylon pollen extract (wheal di-
ameter > 3 mm) were randomly selected for this study. Serum
samples were collected and kept at -80°C until further used.
The protocol of this study was approved by an ethics com-
mittee of the Institutional Review Board, Siriraj Hospital (Si
171/2017) before recruitment of the subjects. Demographics
of the recruited patients whose sera were used for the immu-
noreactivity and cross-reactivity study is shown in Table 1.
tapatient sensitization to different grass pollen extracts, > 18
years old patients with allergic rhinitis and/or asthma were
subjected to skin prick test using grass pollen extracts from
five species: Z. matrella (ZM), C. dactylon (CD), S. halepense
(SH), U. mutica (UM), and B. pertusa (BP). Exclusion criteria
were the same as those previously described for the immuno-
reactivity and cross-reactivity study. The study protocol was
approved by an ethics committee of the Institutional Review
Board, Siriraj Hospital (Si 476/2016). Demographics of the re-
cruited patients are shown in Table 2.

Table 1. Demographics and SPT results of C. dactylon pollen allergic patients whose sera were chosen for immunoblotting

and ELISA inhibition in this study.

SPT (mean wheal diameter (mm))

Patient Age
number Cynodon
dactylon
2 23 M 3
4 21 M 4
10 26 E 3
11 23 F 3
12 38 E 4
13 47 F 55
16 32 I8 4.5

Urochloa  Amaranthus Cyperus
mutica hybridus mitis
45 (0)* 3.5

(0)* (0)* 5
3 (0)* (0)*
(0)* (2.5)* 3
6.5 (2.5)* 4
35 (0)* (0
5.5 3 (0)*

*Numbers in parentheses indicate negative results with wheal diameter < 3 mm
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Table 2. Demographic profiles of patient cohort tested for
sensitization to grass pollen.

Characteristics Total P‘:Z“;Z;SET t(l:;i:::epiﬁern

No. of Patients 168 94 70
Age (years)

- Mean 38.39 36.27 35.56

- Range 15-67 15-67 15-66
Sex

- Male 61 41 32

- Female 107 53 38

- Ratio M:F 1:1.75 1:1.24 1.19

*Numbers in parentheses indicate negative results with wheal diameter < 3
mm

Pollen collection

Inflorescences of all five species of grass were collect-
ed from various natural sites in Thailand. Grass species were
identified by taxonomists and voucher specimens were kept at
the Department of Plant Science, Faculty of Science, Mahidol
University. Pollen released from inflorescences was gathered
and incubated in silica gel for 24 hours. Gathered pollen was
purified from contaminating plant parts (until > 99% puri-
ty) using a series of sieves. The purified pollen was stored at
-80°C until used.

RNA extraction and cDNA synthesis

Total RNA was extracted from 100 mg of C. dactylon, Z.
matrella, and S. halepense grass pollen. Pollen was ground in
a chilled mortar with TriZol® reagent (Thermo Fisher Scien-
tific, USA) and further steps were performed according to
the manufacturer’s protocol. The concentration and quality of
RNA was measured by Nanodrop™ spectrophotometer (Ther-
mo Fisher Scientific, USA). RNA was kept at -80°C until used.
cDNA was synthesized from an RNA template using iScript™
cDNA kit with oligo [dT] primer.

Recombinant protein cloning and expression

The group-1 allergens from Z. matrella and C. dactylon
were amplified from previously constructed and sequence-ver-
ified pGem®-T vector" using specific primers shown in Table
3. Amplicons were cloned into a pET-28a vector using EcoRI
and Xhol restriction sites and transferred into Rosetta™ (DE3)

competent cells. Positive clones were sequenced to confirm
that the selected plasmids contained no error. Protein ex-
pression was induced using IPTG at 0.4 mM for 6 hours at
37°C. Recombinant His-tagged proteins were purified using a
Ni-NTA column (Thermo Fisher Scientific, USA). The puri-
fied proteins were analyzed and quantified by SDS-PAGE and
Bradford’s assay. A previously reported recombinant protein
rD7,"* a major allergen from Aedes aegypti, was used as a neg-
ative control.

Preparation of grass pollen crude extracts

For the immunoreactivity and cross-reactivity study, total
protein was extracted from 100 mg of macerated pollen of
C. dactylon, S. halepense, and Z. matrella, in PBS containing
Phenylmethylsulfonyl fluoride (PMSF) at final concentration
of 1 mM. The mixture was centrifuged at 12,000 rpm for 15
minutes to remove unwanted materials. The extracted protein
profile was analyzed using SDS-PAGE. Protein concentration
was measured using Bradford’s assay. The extract was stored
at -20°C until used for further analysis. For skin prick testing,
crude pollen extracts at 10,000 PNU/mL were prepared in-
house by the Department of Pharmacy, Faculty of Medicine,
Siriraj Hospital as previously described.”

ELISA and Inhibition assay

The extracted protein of C. dactylon pollen was used to
coat a 96-well plate at a concentration of 1 pg/well. The coat-
ed plate was incubated overnight at 4°C, washed and blocked
with skim milk. Sera from allergic patients and normal con-
trol donors were added into the coated wells at % dilution
with a 2-hour incubation and then washed off. HRP-labeled
mouse anti-human IgE antibody was added and incubated for
one hour followed by another wash step before the addition of
TMB substrate. The resulting color was measured at 650 nm.
The inhibition assay was performed in a similar manner ex-
cept that patient serum was pre-incubated with recombinant
protein overnight and centrifuged before use.

Direct IgE immunoblot and IgE inhibition immunoblot
Briefly, 10 pg/well of C. dactylon pollen extract and 5
pg/well of Cyn d 1 and Zoy m 1 recombinant proteins were
separated on SDS-PAGE gel and electro-transferred to nitro-
cellulose membranes using Trans-Blot® Turbo™ Transfer Sys-
tem (Bio-Rad, USA). The membranes were incubated with a
blocking buffer for 1 hour, washed for 5 times with a washing
buffer, and then incubated with individual serum diluted in
the blocking buffer (1:50 to 1:150). Membranes were washed

Table 3. Gene specific primers for recombinant protein expression.

Primer Sequence (5'-3") Tm (°C) Product
EX004 F: GCCAAGCTTGAATTCATGGCCTCCTCCTCAGCG 67.7 Zoym 1
EX005 R: GCCAAGCTTCTCGAGTCAGTACTGAAGGTTGGAGGT 66.6
EX006 F: GCCAAGCTTGAATTCGAACAGGCTATGCTCGCG 66.6 Cynd1
EX007 R: GCCAAGCTTCTCGAGTCAGAACTGGATCTTGGACTTGTAGAC 66.4

Abbreviations: F: forward, R: reverse.
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5 times before the addition of HRP-labeled mouse IgG an-
ti-human IgE antibodies (KLP, USA) diluted in blocking buf-
fer (1:5,000). The bound IgE was detected with Immobilon™
Western Chemiluminescent HRP substrate (Millipore, Ger-
many) and visualized with x-ray film (Amersham Bioscience,
USA). Inhibition immunoblot assay was performed in a sim-
ilar manner, except that sera were pre-incubated overnight
with 200 pg/ml of Cyn d 1 or 500 pg/ml of Zoy m 1. After
incubation, the mixture was centrifuged at 15,000 x g for 10
min and the supernatant was used in the immunoblot assay
as previously described. The recombinant protein of mosquito
Aedes aegypti (rD7) that was expressed and purified in a sys-
tem comparable to that of Cyn d 1 and Zoy m 1 proteins was
used as a negative control.

Results
Protein profile and IgE reactivity of Z. matrella pollen crude
extract

SDS-PAGE analysis was used to assess the overall pollen
protein profile of Z. matrella in comparison with C. dactylon,
and S. halepense (Figure 1A). The crude protein extracts from
all three species contain a distinct band at approximately 30
kDa, the expected size of group-1 allergen (beta-expansin),
with a notably higher band intensity in the S. halepense than
C. dactylon and Z. matrella extracts (Figure 1A). IgE reac-
tivity of Z. matrella pollen extract was shown in comparison
with that of C. dactylon in Figure 1B. Due to the unavail-
ability of patient serum with sensitivity to Z. matrella pol-
len, the sera from AR patients with sensitivity to C. dactylon
were used in this immunoblot. The demographic information
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about these patients is shown in Table 1. For the immunoblot
of C. dactylon pollen extract, two prominent IgE-interacting
bands at approximately 30 and 40 kDa could be seen with all
positive sera, with the additional 20-22 kDa band in 2/7 posi-
tive sera. The observed patterns were less uniform for the im-
munoblot of Z. matrella pollen extract, in which multiple faint
bands were observed that varied among the positive sera. No-
table band sizes were 20-26, 26, 30, 32, 50-55 kDa. At the ex-
pected sizes of group-1 allergen, a single IgE interacting band
with a faint shadow band was observed at approximately 30
kDa for C. dactylon, whereas two clear bands were detected
at 30 and 32 kDa for Z. matrella. The group-1 allergen from
Z. matrella was officially designated Zoy m 1.0101, and will
henceforth be referred to as Zoy m 1.

IgE reactivity and cross-inhibition capability of recombinant
Zoy m 1 protein

The beta-expansin of C. dactylon (Cyn d 1) has been ex-
tensively shown to have high IgE reactivity. It was questioned
whether Zoy m 1 has similar IgE reactivity to that of Cyn d
1 due to a highly similar amino acid sequence with only a
few substitutions located within the IgE and IgE/IgG4 bind-
ing epitopes (Supplemental figure 1).!4>!7 To answer this
question, recombinant Cyn d 1 and Zoy m 1 were produced
and compared in immunoblotting assay using sera from atop-
ic patients allergic to C. dactylon pollen. Induction of Cyn d
1 and Zoy m 1 in the E. coli system and the following puri-
fication steps are shown in Supplemental figure 2A and 2B,
respectively. The IMAC purification yielded recombinant pro-
teins with 84.52% purity for Cyn d 1 and 88.93% for Zoy m 1.

s

Figure 1. The whole pollen protein extracts of three grass pollen were visualized by SDS-PAGE analysis, when lanes CD, SH,
and ZM are C. dactylon, S. halepense, and Z. matrella extracts, respectively (A). IgE-immunoblot profiles of CD (upper) and
ZM (below) grass pollen crude extracts using sera from seven grass pollen atopic patients in C. dactylon (B). Note: Sera
from 7 patients (Pt.2, Pt.4, Pt.10, Pt.11, Pt.12, Pt.13, and Pt.16), Neg; serum from non-allergic donor confirmed to have
negative SPT results with CD extract. The arrows indicate the IgE-binding protein of CD and ZM crude extracts.
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IgE reactivity of Zoy m 1 and Cyn d 1 was demonstrated in
Figure 2A.

The immunoblot inhibition assay showed that the IgE
binding to allergens in the C. dactylon crude extract was
largely inhibited when sera were preincubated with 200 pg/ml
of Cyn d 1 or 500 pg/ml of Zoy m 1 (Figure 2B). The different

A Pt2 Pt4

recombinant protein concentrations were needed to achieve
a comparable level of inhibition. As a negative control, rD7,
a recombinant major allergen protein from mosquito was
shown to have only background reactivity to IgE in CD-sen-
sitized serum samples, and did not significantly inhibit IgE re-
activity to C. dactylon crude extract.
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Figure 2. IgE-immunoblot profiles of beta-expansin recombinant proteins of Cyn d 1, Zoy m 1 and the irrelevant aller-
gen Aedes aegypti (rD7) in three selected atopic patients (A). Note: serum of 3 individuals; Pt2, 4 and 11, Neg; serum of
non-sensitized donor. Inhibition of specific IgE binding to protein in C. dactylon pollen extract using 200 pg/ml of Cyn d 1
or 500 pug/ml of Zoy m 1 (B). Note: lane CD = C. dactylon pollen extract without inhibition, lane Cynd 1 and Zoym 1 = C.
dactylon pollen extract with inhibition using recombinant of Cyn d 1 and Zoy m 1, respectively, lane rD7 = C. dactylon pol-
len extract with inhibition using rD7, and N = serum of non-sensitized donor.
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Figure 2. (Continued) Cross-inhibition of specific IgE binding to C. dactylon grass pollen proteins with Cyn d 1 and Zoy
m 1 using sera from seven C. dactylon grass pollen allergic patients. Note: the rD7 from mosquito A. aegypti was used as a
negative control (C). N = 7, except for data points marked with ¥, which represents n = 5 (without Pt.13 and Pt.16); * rep-
resents p < 0.05, ¥*** represents p < 0.0001, error bars represent standard error of mean (SEM).

To estimate the IgE binding potency of Cyn d 1 and Zoy m
1, ELISA inhibition assay was performed. The results showed
that Cyn d 1 and Zoy m 1 were able to inhibit IgE binding to
crude extract proteins from C. dactylon grass pollen at IC50
of 41.70 pg/ml and 154.40 pg/ml, respectively (Figure 2C).
These results suggested that Zoy m 1 had substantial IgE re-
activity and cross-reactivity to the major allergen in C. dacty-
lon pollen, although with lower binding potency compared to
Cynd 1.

Clinical relevance of Z. matrella grass pollen sensitization
Due to the high possibility of Z. matrella pollen contrib-
uting to the grass pollen sensitization in Thai atopic patients,
total pollen protein extract of Z. matrella (ZM), along with
C. dactylon (CD), S. halepense (SH), U. mutica (UM), and B.
pertusa (BP) were used for skin-prick test (SPT) at the ENT
Allergy Clinic at Siriraj Hospital, Bangkok. Of the 168 total
allergic rhinitis patients who underwent SPT procedure, 70
had a positive response to at least one grass pollen extract.

A Grass species
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C.dactylon Z.matrella S.halepense B.pertusa

Figure 3. Skin-prick test (SPT) results from ENT Allergy clinic, Siriraj Hospital, Bangkok. The percentage of atopic patients
with positive SPT results using five species of grass pollen (SPT was administered to 168 patients visiting the clinic between
January to July 2016; the 70 patients who had positive SPT results with at least one grass pollen species were regarded as

100%) (A).
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Figure 3. (Continued) Venn-diagram of prevalence of grass atopic patients in five grass pollen species. Note, UM: U. mutica,
CD: C. dactylon, ZM: Z. matrella, SH: S. halepense, and BP: B. pertusa (B). Total N = 70.

Among these, the prevalence of sensitization was consider-
ably high for U. mutica (UM) at 51/70 (73%) compared to
C. dactylon (CD), Z. matrella (ZM), S. halepense (SH), and
B. pertusa (BP) at 41/70 (59%), 27/70 (39%), 22/70 (31%),
20/70 (29%), respectively (Figure 3A). Figure 3B illustrates
the overlap between sensitization of different grass pollen spe-
cies. Eight patients had positive responses to all five species
of grass pollen. Importantly, five patients showed positive re-
sponse to only Z. matrella pollen extract. This Venn diagram
demonstrates the clinical relevance of Z. matrella as an im-
portant source of allergenic pollen. Furthermore, patients sen-
sitized to Z. matrella were more likely to also be sensitized to
U. mutica (17/27, 63%) than C. dactylon (11/27, 41%). Based
on the confirmed IgE reactivity of Zoy m 1 and positive SPT
results, the beta-expansin of Z. matrella was confirmed as a
major allergen and was named Zoy m 1.0101, based on the
IUIS nomenclature.

Discussion

This study aimed to expand the knowledge about grass
pollen sensitization in the tropical/subtropical regions. In par-
ticular, we examined the possible role of Z. matrella (Manila
grass), a major turfgrass in these regions. Because the group-1
allergen from Z. matrella was highly similar to that of C. dac-
tylon, we hypothesized that the immunoreactivity was also ex-
tremely similar. Thus, the cross-reactivity between these two
allergens was examined. The results of ELISA and immuno-
blot inhibition assays revealed that Zoy m 1 could inhibit IgE
binding to the natural proteins in the crude extract of C. dac-
tylon pollen with slightly lower potency than Cyn d I, sug-
gesting extensive cross-reactivity. Cross-reactivity had been
previously demonstrated for allergens with comparable level
of similarity such as between between Pas n 1 of P. notatum,
Cyn d 1 of C. dactylon, and Lol p 1 of Lolium perenne.®” How-
ever, the serum IgE cross-reactivity between beta-expansins
from Chloridoideae and Panicoideae subfamilies was incom-
plete and differences exist in the degree of amino acid similar-
ity between beta-expansins of different grass subfamilies and
between gene loci.®*®
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Based on the high percent identity and cross-reactivity
between group-1 allergens of Z. matrella and previously re-
ported allergenic species, it is highly possible that Z. matrel-
la pollen could elicit allergic reaction in atopic patients. In a
previous study of the most common causative allergen of the
ENT Allergy Clinic at Siriraj Hospital, Bangkok, in 2002 and
2004, 52.3% and 45.4% of 736 patients had a reaction to C.
dactylon and U. mutica grass pollen, respectively.” The ma-
jor allergen of these grass species is beta-expansin or group
1 allergen. The beta-expansin from C. dactylon showed the
highest potential to produce allergic reaction and cross-reac-
tivity to S. halepense and U. mutica grass pollen among Thai
atopic patients.”” However, sensitization to Z. matrella had
never been reported previously. This study confirmed that
a considerable number of grass pollen allergic patients had
positive reactions to the Z. matrella pollen extract. In fact, a
higher percentage of patients were sensitized to Z. matrella
than S. halepense, which has long been considered an import-
ant allergen source in Thailand. Furthermore, a few patients
appeared to be uniquely sensitized to Z. matrella and not the
other four species tested in parallel. This result suggests that
unique allergenic epitopes could be present in Z. matrella pol-
len, although it is also possible that these patients are in fact
sensitized to other grass pollen species but the reaction was
not strong enough to elicit a positive result on the skin-prick
test due to the imprecise nature of the test. The result could be
confirmed using more sensitive methods such as intradermal
testing, which can be done in further studies.

Taken together, this study confirms the significance of Z.
matrella as a source of allergenic pollen in tropical/subtropi-
cal regions. Interestingly, C. dactylon has been the only grass
species from the Chloridoideae subfamily with extensive in-
formation about the allergenic protein. This study positions Z.
matrella and its group-1 pollen allergen Zoy m 1 as an addi-
tional option for studies of allergens from the Chloridoideae
subfamily.

Owing to the global climate changes, the distribution of
subtropical grasses has extended both geographically and tem-
porally, causing an increase in allergenic pollen production.”
Thereby, the potential of human exposure to subtropical grass
pollen also increases and extensively contributes to the burden
of allergic diseases in parts of warming regions.”** Z. matrel-
la or Manila grass, along with other Zoysia spp., has become
a major turfgrass in several Asia-Pacific countries, including
Thailand, South Korea Japan and Australia.? It is also gaining
popularity in the US due to its low-maintenance character-
istics.” Although Zoysia spp. has been regarded as a species
with low allergenicity in the past,*** the increasing distribu-
tion warrants a public warning about its contribution to grass
pollen allergy sensitization and cross-reactivity.

In conclusion, beta-expansin of Z. matrella can produce an
allergic reaction in sensitized individuals and is cross-reactive
with grass group-1 allergen from C. dactylon and potentially
other subtropical grasses in Chloridoideae and Panicoideae
subfamilies. Patients with grass pollen allergy should avoid
the areas with Z. matrella or protect themselves from expo-
sure to its pollen.
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Supplemental Figure 1. The deduced amino acid sequences and alignment of beta-expansin from Z. matrella, S. halepense,
and C. dactylon. Dots represent amino acids that were identical to beta-expansin from Z. matrella. Bold letters indicate pre-
dicted signal peptide. Underlines mark the IgE and IgG4 binding epitopes predicted based on beta-expansin sequence from
C. dactylon.'*'>'5!" The amino acid sequences were obtained from GenBank with accession numbers as follows: Z. matrella
(QCX36431.1), S. halepense (QCX36434.1), and C. dactylon (AAK96255.1).
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Supplemental figure 2. Expression of recombinant beta-expansin protein in Rosetta™ 2 (DE3)/pET-28a (+) system. The in-
duction of (A) recombinant proteins from C. dactylon (Left) and Z. matrella (Right) were performed using a different IPTG
concentration at 0.4 mM and 1 mM, and a different time at 4 and 6 hours. The proteins from soluble and insoluble (inclu-
sion bodies) fractions were analyzed by 14% SDS-PAGE. Arrows indicate His-tagged beta-expansin protein band. Lane 1:
uninduced cell; Lane 2-3 were induced with IPTG at 0.4 mM for 4 and 6 hours, respectively, and Lane 4-5 were induced
with IPTG at 1 mM for 4 and 6 hours, respectively. (B) Purification of recombinant beta-expansin by Ni-NTA His.Bind® res-
in. Proteins were visualized by SDS-PAGE analysis (Left: Cyn d 1 from C. dactylon, Right: Zoy m 1 from Z. matrella) (B). U:
uninduced, I: induced, L: cell lysate, F: flow-through, W: wash, E1-E2: eluted fractions. Arrows indicate His-tagged beta-ex-

pansin protein bands.




