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The bifunctionai ct-amylaBe/subtilisin inhibitor (BASI) is an endogenous inhibitor of the high pi cereal

a-amylases encoded by the amyl genes. Evaluation of the potential role of this protein in malting and
brewing would be greatly assisted by the availability of large quantities of the protein. We have

produced the protein by expression of the barley gene in bacteria. The barley gene was cloned into a

pMAL vector and expressed as a fusion protein. The purified fusion protein was successfully cleaved
with a specific protease to release the native BASI protein. The BASI produced by bacterial expression
will be a useful source of the protein for studies of interactions with barley a-amylases and studies of

the influence of this protein on malting and brewing.

Key words: Barley, a-amylase, inhibitor, Escherichia coli.

Introduction

The bifunctionai a-amylase subtilisin inhibitor (BASI) of

barley is a proteinaceous inhibitor of both barley a-amylase II

and the bacterial protease subtilisin. It has been purified from

barley kernels and characterized14-22. BASI has a molecular

mass of 19865 Da22 and pi of 7.3. It is comprised of a single

chain of 181 amino acid residues with two disulfide bridges and

shows sequence homology with several members ofthe soybean

trypsin inhibitor family4. BASI is 93% identical in amino acid

sequence to wheat a-amylase subtilisin inhibitor (WASI), a

bifunctionai a-amylase subtilisin inhibitor which has been

purified from wheat kernels8. Kinetic studies have demon

strated 1:1 stoichiometry between a-amylase II and BASI1, and

this complex has recently been crystallized19.
Because BASI inhibits barley a-amylase II, an enzyme that

is synthesized during germination and is important for

mobilization of starch reserves during malting15, and for the

breakdown of starch to fermentable sugars during brewing7, it
is possible that the inhibitor has an effect on malting and

brewing processes. It is an important component of the barley

grain, comprising up to 0.5% of total seed protein13. BASI

levels in the grain may be important in protecting against pre-

harvest sprouting and the associated increases in a-amylase

levels, which could affect malt quality during storage5. The
quality of grain used for malting may also be affected by BASI

levels, as its subtilisin-inhibiting activity is thought to protect

the grain from exogenous hydrolases15. The activity of barley a-

amylase II in germinating grain is intimately associated with

that of the inhibitor, as expression of the two proteins in

aleurone cells is regulated by the hormones gibberellic acid and

abscisic acid in an inverse manner13. The inhibitor is active in

the early stages of the mash when temperatures are below 60°C,

but its activity drops rapidly when temperatures exceed 60°C13.
Therefore BASI may affect a-amylase activity in the early

stages of mashes patterned after the European Brewery

Convention mash format, but would not have a significant

(The contents of this paper have been communicated in part to the 45th

Australian Cereal Chemistry Conference, Adelaide, South Australia,

10-14 September 1995.)

effect overall on a-amylase levels during mashing procedures

where initial temperatures exceeding 60°C are used. BASI

content is higher in malting than in feed barleys9, suggesting
that selection for high BASI activity could have been taking

place during the long period that mankind has cultivated barley

for the production of beer.

Expression of BASI from bacteria would provide a con

venient source of the inhibitor for further studies aimed at

answering the questions raised above regarding its possible

effects on malting and brewing. The gene for BASI has been

cloned previously", but to our knowledge this paper reports

the first successful expression of BASI in £ coli.

Materials and Methods

Cloning

An £ coli expression vector was constructed using the

cDNA for BASI, supplied by Dr. J. Mundy (Carlsberg Research

Laboratories, Denmark), and the plasmid pKK-233-22. This
plasmid has a trp-lac promotor allowing induction of the

protein by addition of isopropyl-1-thio-P-D-galactopyranoside

(IPTG). The cDNA (an £coRI insert in SK) was grown in a

dam' £ coli host (deficient in adenine methylase) to allow

digestion with Alwl which is sensitive to methylation. The 807

bp EcoRl insert was isolated by electrophoresis in low melting

point agarose and digested with Alwl. The recessed 3' termini

were filled using the Klenow Fragment of E. coli DNA

polymerase I. The Nco\ linker 5'-CAGCCATGGCTG was

phosphorylated and ligated to the blunt-ended Alwl digest. The

567 bp Ncol fragment was isolated in low melting point agarose

and ligated to Ncol treated pKK233-2 that had been

dephosphorylated using calf intestinal alkaline phosphatase.

Plasmids containing Ncol inserts were selected by screening

minipreparations of plasmid DNA grown in E. coli XL 1-Blue.

Insert sequences were confirmed using standard manual

dideoxy sequencing18. Plasmids containing inserts were used to

transform £ «?/iJM105.

The BASI gene was amplified using the polymerase chain

reaction (PCR) for cloning into the pMAL vector (New

England BioLabs), in which the gene to be cloned is inserted

downstream from the malE gene of £. coli, which encodes the

maltose-binding protein (MBP)12-17. A PCR product of 671 bp



32 O>AMYLAS!l/SUBTILISIN INHIBITOR [J. Inst. Brew.

amplified from barley genomic DNA between the 27th and

698th nucleotide of the BASI DNA sequence6 was used as a

PCR Template. Primers incorporated Bsal and EcoRl sites:

BASI 1 (upper; Bsal site):

5'-GCCCTCTCGGrCTCCGCCGATCCGCC-3'

SEQ2 (lower; EcoRl site):

5-CGCGGCGGGCG/l/l7TCTTAAGTAC-3'

Each 25 ul reaction mix consisted of 50 mM KC1, 10 mM Tris

Cl pH 9.0, 0.1% triton X-100, 20% glycerol, 0.2 mM of each

dNTP, 1.5 mM MgCh, 0.2 U of Taq DNA polymerase,

5.5 pmol of each primer, and at least 1 ug of BASI template

DNA. Samples were amplified using a PTC-100 Programmable

Thermal Controller (MJ Research Inc.) by denaturing DNA at

94°C for 3 minutes before 35 cycles of denaturation at 94°C for

1 min, annealing at 50°C for 2 min, and extension at 72°C for

2 min with a final extension step of 5 min at 72°C. The PCR

product was digested with Bsal, end-filled with the Klenow

fragment of DNA polymerase I to provide a blunt end for

ligation into the Xmnl site of the pMAL vector, then digested

with £coRI. The insert thus created coded for BASI, without

the signal peptide, and contained no extra nucleotides. Digested

DNA was purified using Brcsaclean Nucleic Acid Purification

Kit (Bresatec). The digested PCR product was ligated,

according to the manufacturer's instructions, into the Xmnll

EcoRl sites of pMAL which had been cut by the same

restriction endonucleases. Escherichia coli DH5a was trans

formed using polyethylene glycol3. Positive clones were

identified on blue/white selection plates containing 100 ug/mL

ampicillin, 80 ug/ml 5-bromo-4-chloro-3-indolyl-P-D-

galactoside (X-gal) and 0.1 mM IPTG. Plasmid DNA was

isolated18 and digested with restriction enzymes Sad and

EcoRl to reveal inserts. Sequencing was carried out across the

5'junction between the pMal vector and the BASI insert by the

DNA Sequencing Facility, University of Queensland, on a

373A Perkin Elmer Automated Fluorescent DNA Sequencer,

using the PRISM Ready Reaction DyeDeoxy Terminator Cycle

Sequencing Kit (Perkin Elmer) and the malE sequencing

primer provided with the pMAL vector.

Protein expression andpurification

Transformants were screened for BASI inserts with the

correct orientation in pKK223-2 by inducing expression with

IPTG. Expressed protein was visualized by sodium dodecyl

sulfate polyacrylamide gel electrophoresis (SDS-PAGE)10 in

15% gels.

Overnight cultures of£ coli DH5a containing pMAL-BASI

plasmids were diluted 1:40 in LB broth containing 50 ug/ml

ampicillin, and grown for 2 h at 37°C with vigorous shaking.

Expression of the fusion protein was induced by the addition of

0.3 mM IPTG, and the cultures incubated for a further 2 h.

Cultures were centrifuged for 20 min at 4°C and 9000 rpm. The

cells were resuspended in 3 ml lysis buffer (50 mM Tris Cl pH

8.0, 100 mM NaCl, 1 mM EDTA, 0.8 mg of lysozyme) for

every 1 g of cells (wet weight) and incubated on ice for 20 min

before being frozen overnight at -20°C. The frozen cells were

thawed in cold water and sonicated in an ice bath for 2 min at

setting No. 4 with continuous power (Branson sonifier, cell

disruptor B-30). The lysed cells were centrifuged at 6000 rpm

for 20 min at 4°C. The supernatant was removed and diluted

1:5 in column buffer (20 mM Tris Cl pH 7.4, 200 mM NaCl,

1 mM EDTA) for purification ofthe MBP-BASI fusion protein

by affinity chromatography. The diluted crude extract

containing fusion protein was loaded onto an amylose resin

column (2.5 cm x 15 cm), prepared according to pMAL vector

kit instructions, at a flow rate of 1 ml/min. The fusion protein

was eluted with column buffer containing 10 mM maltose, and

fractions (3 ml) collected. Protein content was detected using a

protein assay kit (BioRad). The protein-containing fractions

were pooled, and the fusion protein was cleaved with 1% (w/w)

Factor Xa. The digests were left at room temperature for up to

3 days. The cleavage mix was loaded onto an hydroxyapatite

column (flow rate 1 ml/min) and washed with column buffer to

remove any maltose. The proteins were eluted with 0.5 M

potassium phosphate buffer (pH 7.2) and collected as 2 ml

fractions. Protein concentration was estimated and protein-

containing fractions were pooled. To separate MBP from

BASI, the protein fractions were loaded onto an amylose resin

column (flow rate I ml/min) and the flow-through collected in

order to recover BASI. Digestion with Factor Xa was

monitored by subjecting fractions to SDS-PAGE on 10% gels.

Protein bands were revealed by staining with Coomassie Blue

R-250.

BASI activity assay

MBP-BASI fusion protein (50 ul), or a cleavage mix

comprised of BASI and MBP (50 ul), was pre-incubated at

30°C for 30 min with a-amylase (50 ul), purified as described

previously20, in 1 ml of buffer consisting of 40 mM Tris Cl pH

7.5, I mM CaCI: and 1 mg/ml bovine serum albumin (BSA).

Distilled water (3 ml) was added and incubation continued at

37CC for a further 5 min. A Phadebas dye-labelled starch tablet

(Pharmacia) was added and the samples vortexed for 10 sec

then incubated at 37°C for 15 min. One ml NaOH (0.5 M) was

added to stop the reaction, the samples were vortexed again

then centrifuged at 1500g for 10 min and the absorbancc of the

supernatant was read at 620 nm. Inhibition was determined as

a percentage decrease in mean absorbance of three (controls) or

four (fusion protein or cleavage mix) trials.

Enzyme-linked immunosorbent assay (ELISA)

An antigen capture ELISA involving polyclonal and horse

radish peroxidase conjugated monoclonal antibodies against

BASI9 was employed in an attempt to detect BASI or MBP-

BASI in pooled fractions. The polyclonal antibody coated 96-

well plates were incubated at room temperature (22°C) for 1 h,

washed three times with PBST (PBS/0.05% Tween 20) and

blocked with 1% BSA/PBS for 1 h at 22°C. Putative BASI or

MBP-BASI containing fractions were added (100 ul/well),

along with known concentrations of isolated native BASI for

construction of a standard curve. Plates were incubated 1 h at

22°C and washing repeated. Horseradish peroxidase con

jugated BASI monoclonal antibody, diluted 8000-fold with 1%

BSA/PBS, was added (100 ul/well), and the plate incubated at

22"C for 30 min. The plate was washed as before and 100 ul of

the substrate, a solution of 0.2% o-phenylenediamine/0.007%

H;O; in sodium citrate buffer pH 5.0, was placed in the wells

and the plate incubated at 22°C for 30 min. The reaction was

stopped by the addition of 50 ul/well 3 N HC1, and the

absorbance of each sample on the plate was read at 490 nm.

Results and Discussion

pKK223-2 expression vector

The clones appeared to contain an insert of the correct size

for BASI, and partial sequencing of the 5'-end ofthe polylinker

showed that the inserts were in-frame and in the correct

orientation. However, screening of bacterial supernatant from

expression experiments using (SDS-PAGE) showed that the ex

pression was unsuccessful. No explanation for the lack of

expression could be found. This study concluded that the

host/vector combination was unsuitable for BASI production.

pMAL vector cloning andprotein expression

The addition of 20% glycerol as recommended5 was neces

sary to produce an amplified product. Eight of 113 colonies

screened were potential transformants, i.e. white colonies. One

of these clones contained the BASI insert (599 bp). Sequencing

across the 5' vector/insert junction confirmed that the insert

was in frame.

Induction of expression from this clone produced a protein




