Journal of

the Serbian
£ ° .
> Chemical Society
WS —— "
00011 iy = JSCS-info@shd.org.rs « www.shd.org.rs/JSCS
J. Serb. Chem. Soc. 77 (1) 43-52 (2012) UDC *Escherichia coli:634.773:547.455.623
JSCS—4247 Original scientific paper

Optimization of the heter ologous expression of
banana glucanase in Escherichia coli

MOHAMED ABUGHREN!, MILICA POPOVIC!, RAJNA DIMITRIJEVIC?#,
LIDIJA BURAZER3, MILICA GROZDANOVIC'# MARINA
ATANASKOVIC-MARKOVIC# and MARIJA GAVROVIC-JANKULOVIC!*#

!Faculty of Chemistry, University of Belgrade, Belgrade, Serbia, *Innovation Center of the
Faculty of Chemistry, University of Belgrade, Belgrade, Serbia, 3Institute of Virology,
Vaccines and Sera, Torlak, Belgrade, Serbia and *University Children’s Hospital,
Medical Faculty, University of Belgrade, Belgrade, Serbia

(Received 9 March, revised 21 June 2011)

Abstract: For the heterologous production of a banana glucanase in Escherichia
coli, its gene ( GenBank GQ268963) was cloned into a pG EX-4T expression
vector as a fusion protein wit h glutathione-S-transferase (GST). BL21 cells
transformed with the GST-Mus a 5 con struct were employed for production of
the protein induced by 1 mM isopropyl-#D-thiogalactopyranoside (IPTG). The
conditions for protein expression were opti mized by varying the tem perature
(25, 30 and 37 °C) and duration of protein expression (3, 6 and 12 h). The level
of protein production was analyzed by densitometry of the sodium dodecyl sul-
fate—polyacrylamide gel (SDS—-PAGQG) after electrophoretic resolution of the res-
pective cell lysates. The optimal protein expression for downstream processing
was obtained after 12 h of cell growth at25 °C upon addition of IPTG. Re-
combinant GST-Mus a 5 purified by glutathione affinity chromatography re-
vealed a molecular mass of about 60 kDa. The IgE and IgG reactivity of the
rGST-Mus a 5 was confirmed by dot blot an alysis with sera of individual pa-
tients from subjects with banana allergy and polyclonal rabbit antibodies against
banana extract, respectively. The purified reco mbinant glucanase is a potential
candidate for banana allergy diagnosis.

Keywords: food allergen; protein expression; glucanase.

INTRODUCTION

Immunoglobulin E (IgE)-mediated allergy affects more that25 % of the
world’s population, and b elongs to the most chronic disorders in m odern so-
ciety.! The key issue for the treat ment of allergies is the employment of reliable
diagnostic reagents. The allergen extracts currently employed for diagnosis re-
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present mixtures of aller gens and non-alle rgenic material. Diagnostic tests for
food allergy frequently have poor specificity and sensitivity,2 as the quality of
allergen extracts from fruits and ot her plant-derived foods can vary due to the
inherent presence of proteoly tic enzymes, the ripening stage and/or storage con-
ditions of the allergenic so urce materials.3# Therefore, replacement of allergen
extracts with a panel of IgE reactive molecules from an allergen source is a pro-
mising strategy for the i mprovement of allergy diagnostics. A panel of three
cherry recombinant allergens was superior to diagnostic methods based on cherry
extract.’ In this respect, t he evaluation of allergenic properties of a particular al-
lergen candidate for component-resolved diagnostics needs to be performed.

Allergy to banana fruit has been reported as an isolated allergy , but some-
times it is associated with pollen or latex allergy.© Component-resolved diagnos-
tics (CRD) of allergy to plant foods is essential for the clinical management of
allergic patients.’” Specific IgE immunodetection has enabled the identification of
several IgE binding components in banana fruit, covering a wide range of m ole-
cular sizes. However, putative allergens of 30-37 kDa are the m ost frequently
recognized in the sera from allergic patients.3~10 The molecular basis of banana
allergy has been ascribed to five IUIS (www.allergen.org) nominated allergens:
profilin (Mus a 1), class I chitinase (Mus a 2), non-specific lipid transfer protein
(Mus a 3), thaumatin-like protein (Mus a 4) and beta-1,3-glucanase (Mus a 5).

Most fruit allergens are structurally and evolutionary related to “pathoge-
nesis-related proteins” (PR-proteins).!! Beta-1,3-glucanase belongs to the PR-2
family of proteins and is involved n ot only in plant defense, but also in diverse
physiological and developmental processes. Besides banana fruit, 12 IgE reactive
beta-1,3-glucanases were found in several pollens ( olive, ash and birch), vege-
tables (tomato, potato and bell pepper) and latex. 13-14 Palomares et al. showed
that beta-1,3-glucanases contribute to the latex—pollen—vegetable food cross-reac-
tivity,14 In addition, an occupational allergy due to Ole e 9, glucanase fro m olive
pollen has been reported.!5 The cry stal structure of the banana glucanase has
been revealed and its three-dim ensional structure exhibits a canonical ( 3 @)3
TIM-barrel motif found in other glucan endohydrolases. 16

The aim of this work was to optimize the procedure for recombinant banana
glucanase (Mus a 5) production in E. coli and its downstream processing for po-
tential application in component-resolved allergy diagnostics.

EXPERIMENTAL
Bacterial strain and construct

E. coli BL21-CodonPlus (DE3)-RIPL cells, kindly provided by Dr Knud Poulsen (Uni-
versity of Aar hus, Denmark), were tran sformed with the construct pGEX-4T-glucanase
denoted as rGST-Mus a 5. The cloning strategy was to produce recombinant Mus a 5 (GenBank
GQ268963) with glutathione-S-transferase as an expression tag on the N-terminal. Total RNA
was isolated from banana fruit by an RNeasy Plant Mini Kit (Qiagen, Hilden, Germany)
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BANANA GLUCANASE EXPRESSION IN E. coli 45

according to t he manufacturer’s instructions. Cyclic-DNA (cDNA) wa s transcribed by a
RevertAid™ First Strand cDNA synthesis kit (Fermentas UAB, Vilnius, Lithuania). For am-
plification of the mature gene of Mus a 5, sen se and antisense — specific primers with EcoR I
and Xho I restriction sites (marked in italic) 5-GAATTCATTGGTGTCTGCTACGG-3’ and
5’-CTCGAGCTAAAAGCTTATTTGGTAGAC-3 were u sed, respectively. The amplified
Mus a 5-encoding fragment, was cloned into a pGEX-4T vector. The construct was verified
by DNA sequencing.

Cell growth and induction of protein expression

Inocula were prepared from transformed BL21 cells that were grown overnight at 37 °C
in LB medium (1 g L-! tryptone, 5 g L ! yeast extract, 5g L' NaCl,2 gL ! glucose) con-
taining 100 mg L-! ampicillin, 25 mg L-! chloramphenicol and 25 mg L-! kanamycin. The cul-
ture (0.5 mL) was introduced into 10 mL of LB medium containing the respective antibiotics.
Once the absorbance (ODyg) reached a value of 0.6 following an initial growth phase, protein
expression was induced with 1 mM IPTG (Fermentas), and the cells were grown at 25, 30 or
37 °C. Following induction of protein expression, aliquots (1 mL) were taken after 3, 6 and 12 h.

SDS—-PAGE analysis

The GST-Mus a 5 protein expression was analyzed in cell lysates of induced and non-in-
duced bacteria by SDS-PAG electrophoresis under reducing conditions, as outlined by Laem-
mli.!” In brief, prior to separation on 14 % SDS—-PAG, cell lysates (100 pug) were incubated in
sample buffer (6 mM Tris—HCI, 5 % 2- mercaptoethanol, 2 % SDS and 25 % glycerol) for 5
min at 95 °C and centrifuged (14000xg, 1 min). After electrophoresis, the proteins in the g el
were stained with Coomassie brilliant blue (CBB-R250, Serva, Germany). For comparison of
the level of rGST-Mus a 5 protein expression under differe nt experimental conditions, the
SDS-PAG was scanned for densito metric quantification using GelPro Analyzer 3.1 (Media
Cybernetics).

Isolation of rGST-Mus a 5

Recombinant GST-Mus a 5 was purified from a BL21 cell cul ture (100 mL), after 12 h
of protein expression at 25 °C. The cells were harvested by centrifugation (3000xg, 15 min),
and the pellet was suspended in 25 mL of ice-cold L buffer (5 mM Tris—HCI, pH 8.0, 10 mM
NaCl, 5 mM EDTA, 0.1 % NaN; and 0.1 % Na-deoxycholate). Immediately before use, PMSF
(0.1 mM) and DTT (1 mM) were added to the L buffer. After s onication (3x20 s, 20 r ms,
Branson Sonifier 150), MgSO 4 (1 mM), benzonase (0.01 mg mL"!, Novagen) and ly sozyme
(0.1 mg mL"!, Serva, Germany) were added to the cell ly sate, which was further incubated at
RT for 15 min. To collect the insoluble fraction (IF), the cell ly sate was centrifuged (3000xg,
for 15 min). After two w ashings with the buffer (5 mM Tris—HCI, pH 8.0, 10 mM NaCl, 5
mM EDTA, 0.1 % NaNj3), the IF was solubilized in S buffer (10 mM Tris, 5 mM glycine, 6 M
urea, pH 8.0). Protein refolding was ac hieved by rapid mixing of denatured protein solutio n
with R buffer (30 mM NacCl, 2 mM Na,HPOy, 3.6 mM KH,PO,, pH 7.50; 1:7, v:v), in which
a cocktail of protease inhibitors (1 mL L1 of buffer) and oxidized (0.3 mM GSSG) and re -
duced glutathione (3 mM GSH) were added. The rGST-Mus a 5 so lution was applied onto a
pre-equilibrated GST-Bind® resin (Novagen) according to the manufacturer’s instruction.!8
The concentration of the rGS T-Mus a 5 pro tein was determined using a molar extinction
coefficient of 1.434, which was calculated from the amino acid sequence by ProtParam
(http://expasy.org/cgi-bin/protparam).
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46 ABUGHREN et al.

Production of the polyclonal antibodies to banana extract

Two rabbits were immunized according to the protocol described by Harlow and Lane.!?
In brief, 0.25 mL of banana extract (0.5 mg mL!) which was prepared according to Gavrovié-
-Jankulovié et al.20 was mixed with 0.25 mL CFA (complete Freunds adjuvant) for the first
immunization. Every 15 days, for four months, the rabbits were boosted with a mixture of
0.25 mL of the banana extract and 0.25 mL of IFA (incomplete Freunds adjuvant). Each rabbit
was subcutaneously immunized with 0.5 mL of the emulsion. After four months, sera were
collected and the antibodies were pooled and fractionated by ammonium sulfate (50% satu-
ration). After dialysis against phosphate buffer saline (PBS) antibodies w ere aliquoted an d
stored in 20% glycerol at —20°C.

Dot blot

Six sera from persons with positive clinical history to banana allergy and positive skin
prick test to banana extract were used for the evaluation of IgE reactivity of rtGST-Mus a 5 in
dot blot. A pool of three sera from persons without banana allergy was used as a control. Pu-
rified rtGST-Mus a 5 (5 ug) was applied to a nitrocellulose membrane (NC) using 96-well dot
blot hybridization manifold (VWR, Vienna, Austria). To d iscriminate IgE reactivity of the
GST tag from IgE reactivity of glucanase, rtGST was applied onto the NC membrane as a con-
trol. Membranes were blocked using 30 mM Tris buffer saline (TBS) pH 7.4, containing 5%
w/v skimmed milk for 1 h at RT. Membranes were incubated with the pooled sera in 1 %
skimmed milk in TBS (dilution, 1:3, v:v) ov ernight at RT. Goat anti-hu man IgE (dilution
1:10000, v:v) was used for detection of IgE binding. Alkaline phosphatase-labeled rabbit anti-
goat IgE antibodies (dilution 1: 30000, v:v, Sigma) were used as the tertiary antibody. IgE re-
active spots were visualized with BCIP/NBT solution.

For detection of IgG reactivity of rGST-Mus a 5, rabbit antibodies against banana extract
were employed. After blockin g, the membrane was incubated with the primary antibodies
(dilution 1:5000) for 2 h at room temperature. After three washings, the membrane was incu-
bated with alkaline phosphatase anti-rabbit antibodies (dilution 1:30000, Sigma—Aldrich, Mis-
souri, USA) as previously described.?!

IgG inhibition assay

For IgG inhibition assay s natural Mus a 522 (5 pg) was applied to the N C membrane
according to previously described procedure. After blocking, the respective membranes were
incubated overnight with anti-banana rabbit antibodies, which had been previously incubated
for 2 h with two different concentrations of rGST-Mus a 5 (5 and 50 pg mL1).

RESULTS AND DISCUSSION
Optimization of rGST-Mus a 5 expression

Structural homogeneity, batch-to-batch consistency and unlimited availabi-
lity makes recombinantly produced protei ns advantageous over their natural
counterparts. Various expression sy stems have been adopted for reco mbinant
protein production. Natural banana glucanase is a 32 kDa protein that possesse s
no post-translational modifications,!2 making prokaryotic cells a suitable option
for its expression. Protein purification with a glutathione-  S-transferase (GST)
affinity tag, which was introduced in 1 988 by Smith and Johnson,?3 is based on
the strong affinity of GST for glutathione-covered matrices. In the GST gene fu-
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sion system, expression is under the control of the fac promoter, which is induced
using the lactose analogue IPTG. Induced cultures are allowed to express GST
fusion proteins for several hours before the cells are harvested. E. coli BL21 isa
protease-deficient strain specifically selected to give high efficiency transforma-
tion and high level of expression of GST fusion proteins.24

The cloning strategy of Mus a 5 into the pGEX expression vector is given in
Fig. 1. For the optimization of the expression of a given protein construct, a time-
course analysis of the level of protein e xpression in recommended.25 Therefore,
for the optimization of rGST-Mus a 5 expression upon induction of protein s yn-
thesis, BL21 (DE3) cells were grown at different temperatures, i.e., 25, 30 and 37
°C. Aliquots taken after 3, 6 and 1 2 h upon rGST-Mus a 5 indu ction were ana-
lyzed by SDS—PAG electrophoresis. Densitometric comparison of the intensity of
the rGST-Mus a 5 band with all other constitutively expressed proteins per line,
revealed that the highest yield of expression was obtained after 12 h of induction
of protein synthesis under all the tested temperatures (Fig. 2). The band of about
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Fig. 1. Cloning of banana glucanase gene into the pGEX-4T vector.
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4 8 ABUGHREN et al.

60 kDa, representing rGST-Mus a 5, is predominant in all tested samples, except
in the non-induced cells with the pG EX-4T-glucanase plasmid (Fig. 2, lane 1)
and after 3 h of induction of protein synthesis at 25 °C (Fig. 2, lane 2). Taking
into consideration the presence of othe r proteins in the cell ly sates, the optimal
conditions for the protein expression and further downstream purification was
protein synthesis for 12 h at 25 °C.

scc TR =c TR 116kDa

. 66,2kDa
45 kDa

35kDa

25 kDa

E

Fig. 2. Time course of rGST-Mus a 5 expression at 25, 30 and 37 °C. Expression of
rGST-Mus a 5 was induced with 1 mM IPTG. Aliquots were removed at the times
indicated. Proteins were visualized by Coomassie brilliant blue staining;
line 1: control, MM: molecular markers.

10 MM

Isolation of rGST-Mus a 5

Recombinant GST-Mus a 5 was isolated from BL21 cells by glutathione
affinity chromatography. Prior to affinity purification, the cells were harvested by
centrifugation and after resuspension were ly sed with lysozyme. Benzonase was
employed to reduce the viscosity of the cell ly sate caused by nucleic acid s.
Further SDS-PAG electrophoresis revealed that rtGST-Mus a 5 was accumulated
in the insoluble fraction of the cell ly sate, and its solubilization was achieved
with 6 M urea. Prior to separation, denatured rGST-Mus a5 was refolded by
rapid batch dilution and subsequentl y applied onto an affinity column. The ho-
mogeneity of the isolated rGST-Mus a 5 was assessed b’y SDS-PAG electropho-
resis, revealing a protein band of about 60 kDa (Fig. 3). The yield of the purified
rGST-Mus a 5 was about 35 mg L-! of LB, as calculated using the molar extinc-
tion coefficient for rtGST-Mus a 5.

IgE and IgG reactivity of rGST-Mus a 5

The IgE reactivity of the rGST-Mus a 5 was examined by dot blot analy sis
using the sera of six banana allergic patients. To evaluate the IgE reactivity of the
fusion tag, reco mbinant GST was also tested as a control. IgE reactivity was
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BANANA GLUCANASE EXPRESSION IN E. coli 49

detected only for the rtGST-Mus a 5 (Fig. 4), while no IgE binding was found for
GST. Although the correct protein fold ing should be confirmed by a thorough
structural characterization, the IgE react ivity of the rtGST-Mus a 5 suggests that
this protein could find application as a diagnostic reagent in banana allergy.

kDa

116

66.2

W =

45

35

25

18
Fig. 3. SDS-PAG electrophoresis of purified tGST-Mus a 5 pro-
duced in E. coli: 1 —solu bilized rGST-Mus a 5 fraction; 2 —

14 rGST-Mus a 5 eluted from the affinity matrix; MM — molecular

1 2 MM markers.

e e | | || ]
1 2 3 4 5 6 7 .89

Fig. 4. IgE reactivity of tGST-Mus a 5: 1-6 — individual sera from banana allergic persons,
7 —pool of sera from 3 healthy individuals, ¢, — control of secondary antibody; IgE reactivity
of rtGST: 8 — pool of sera from 6 banana allergic persons, 9 — pool of sera from
3 healthy individuals and ¢}, — control of secondary antibody.

The IgG reactivity of rtGST-Mus a 5 w as shown by dot blot analysis with
anti-banana rabbit antibodies (Fig. 5).

D

C l Fig. 5. IgG reactivity of rGST-Mus a 5: ¢ — control, I — rGST-Mus a 5.

IgG inhibition assay

To evaluate the IgG reactivity of the rGST-Mus a 5, an inhibition assay with
anti-banana rabbit antibodies was perfo rmed. Compared to the positive control ,
IgG binding to natural Mus a 5 was red uced with 5 pg of rGST-Mus a 5. Com-
plete inhibition was achieved by pre-incubation of the antibodies with 50 pg of
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5 O ABUGHREN et al.

inhibitor (Fig. 6), su ggesting that the rGST-Mus a 5 shares imm unodominant
epitopes with natural Mus a 5.

- . _ Fig. 6. Inhibition of IgG binding to natural Mus a 5 by

. ~ rGST-Mus a 5. The membranes were inc ubated with

a\ T.,_L"_..'- ! ’ ¢ —secondary antibodies, 1 — anti-banana antibodies,

' 2 — anti-banan a antibodies pre-incubated with 5 g

C 1 2 3 rGST-Mus a 5, 3 — anti-banana antibodie s pre-incu—
bated with 50 ug rGST-Mus a 5.

CONCLUSIONS

An optimization of expression of recombinant banana glucanase - Mus a 5 in
a prokaryotic expression sy stem with a GST fusion tag is reported. Optimal
expression of tGST-Mus a 5in E. coli BL21(DE3) cells was established (12 h
protein expression at 25 °C), and the protein was isolated by glutathione affinity
chromatography. The rGST-Mus a 5 s howed IgE reactivity with five out of s ix
individual sera of banana allergic subject s. A dot blot inhibition assay with anti-
-banana rabbit antibodies revealed that the rGST-Mus a 5 shares immunodomi-
nant epitopes with natural Mus a 5. Further structural and immunological charac-
terization should assess the applicability of the recombinant banana glucanase for
the diagnosis of banana allergy.
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U3BOJ
OIITUMUM3ALINIA XETEPOJIOT'E ITPON3BOALE I'TYKAHASE U3 BAHAHE V E. coli

MOHAMED ABUGHREN', MUJIUIIA TTIOTIOBUR', PATHA IMMUTPUIEBUR?, JINJINJA BYPA3EP’, MAPUHA
ATAHACKOBUR-MAPKOBUR* 1 MAPUJA TABPOBUR-JAHKYJIOBUR'

!KaitieOpa 3a 6uoxemujy, Xemujcku gpaxyaiieii Ynusepauitieitia y Geozpady, *Unosayuonu yeniiap Xemujcko?
haxyaitieitia Ynusep3auitieiia y Beozpady, *Mncitiuitiyii 3a supycoaozujy, eaxuune u cepyme, Topax, Beozpad u
*Yuueepsuitieiticka Oewja kaunuka, Meouyuncku paxyaiieii Ynueepauitieitia y Beozpady

3a motpebe npousBoame y Escherichia coli ren riykanase u3 6anane (GenBank GQ268963)
je ykionupan y ekcrpecuonn Bektop pGEX-4T ca rmyratuon-S-tpancdepasom (GST). Ilpous-
BOJIEba OBOT TIpoTerHa y henujama je naaykosana 1 mM uzonponmui-S-D-THOraaakToMUpPaHo3uI0M
(IPTG). YcioBu 3a excripecHjy NpoTeHHa Cy ONTUMH30BaHM BapupameM Temieparype (25, 30 u 37
°C) u myXxuHe Tpajama IpoTenHcke cunrese (3, 6 n 12 h). HuBo npomusBoame npoTenHa je aHa-
n3upan aeHsuromerprujoM SDS—PA rena HakoH eneKTpodopeTcKor pas3/iBajamba hemmjckux mmsa-
ta. OnTHMaHa IPOU3BOIHA MIPOTEHHA 32 HBETOBO J1aJhe MPOIIECOBAKE je JOOHjeHa rajeeM hemmja
HakoH ponatka IPTG na 25 °C tokom 12 h. Pexombunantan GST-Mus a 5 npeuninhen apuauTeT-
HOM XpomaTtorpadujoMm ca TTyTaTHOHOM IOKasyje MoyieKyJcky macy on 60 kDa. IgE u IgG peak-
THBHOCT M30JI0BaHE TiykaHa3e morepheHa je y “dot blot” ca mojenuHaynuM cepymmma ocoba anep-
THYHUX HA OaHaHy, U ca MOJHMKIOHCKHM 3€UMjUM aHTUTENINMa Ha eKCTpakT OaHaHe, pernom. Ilpe-
ynmheHa pekoMOMHAaHTHA TITyKaHa3a je MOTEeHNYjallaH KaHAUIAT 32 JUjarHo3y alepruje Ha OaHaHy.

(ITpumibeno 9. mapra, peuaupano 21. jyna 2011)
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