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Synthesis, cloning and expression in Escherichia coli of the gene
coding for the trypsin inhibitor from Cucurbita pepo
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A chemically synthesized gene coding for the serine proteinase inhibitor CPTI I1
was cloned in E, coli and its expression was investigated in cytoplasmic and secretion
systems. Under all conditions investigated the biologically active form of the inhibitor
was found only in the latter system, although the yield was rather low.

It has been suggested that proteinase inhibi-
tors play an important role in many vital pro-
cesses. Various inhibitors were found in
different cells and tissues of animal and plant
origin, and their structure and function have
frequently been studied [1].

Several short polypeptides, about 30 amino
acids in length, with highly conserved primary
structure, exhibiting trypsin inhibitory activity
were identified and isolated from the seeds of
Cucurbitaceae plants family [2-6], Their com-
pact structure, stabilized by three S-S bridges,
makes these proteins extremely resistant to the
action of various biological and physico-chemi-
cal agents. Their biological function in plants is
unknown.

Polypeptides of this type are attractive mod-
els for studies on protein folding processes with
formation of transient and final stable tertiary
structures. They may be investigated in the
form of protein: protein complexes with corre-
sponding serine proteinases. In plants, identifi-

cation of the respective genes can help in deter-
mining the role of these inhibitors at different
stages of plant development. Substantial
amounts of the inhibitor and parallel investiga-
tions of the plant genome are needed for these
purposes.

Inhibitors from the squash family have been
isolated from the seeds [2-4, 7] in a wide range
of yields (1-100 mg/kg). Chemical synthesis of
these polypeptides and of their derivatives was
found possible [8], but the yield was rather low,
and the overall procedure costly. As an alterna-
tive, recombinant DNA technology was used
with various degrees of success [7, 9, 10].

In this work expression of the synthetic gene
for CPTI II in E. coli was investigated in two
different systems. In the first system cytoplas-
mic accumulation of the expression product
was expected, whereas in the second one the
recombinant protein was secreted to the sur-
rounding medium.

"T::r whom correspondence should be adressed.

1 Abbreviations used: BAPNA , Na-benzoyl-DL-arginine-p-nitroanilid; CPTI, Cucurbita pepo trypsin inhibitor;
LB, Luria broth; IPTG, isopropyl B-D-thiogalactopyranoside.
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MATERIALS AND METHODS

Reagents and kits. All chemicals used were of
the highest purity grade. Restriction enzymes,
T4 DNA ligase, T4 polynucleotide kinase and
the dideoxy sequencing kit were from Amer-
sham. DNA Taq polymerase was from Cetus
Perkin-Elmer.

Cloning procedures. Nucleotide sequences
were determined by the dideoxy chain termi-
nation method. All standard cloning proce-
dures were performed according to Sambrook
etal. [11]. PCR was performed according to PCR
Protocols [12].

E. coli strains. For cloning and expression of
genes E. coli K12 strain DH5a, and E. coli B
strain BL21{DE3)pLys S [13] were used as indi-
cated.

Oligonucleotides. Oligonucleotides compos-
ing the gene sequence were synthesized by the
phosphoramidite approach using 2-cyanoethyl
phosphate protecting groups, according to [14].

Estimation of the yield of the recombinant
inhibitor. Trypsin inhibitory activity was quali-
tatively determined by electrophoresis on poly-
acrylamide gels [15] with copolymerized
edestin as a substrate for trypsin. The quantita-
tive test was based on the determination of the
residual trypsin activity against BAPNA as a
substrate [16] after partial purification of CPTI
II by Sepharose 4B anhydrotrypsin affinity
chromatography [3].

Putative inclusion bodies were prepared and
processed according to Staley and Kim [17].

RESULTS

Design and construction of the gene
coding for CPTI II

The nucleotide sequence coding for CPTI [I
was programmed according to its amino-acid
sequence [2] and codon preference established
for E. coli [18], except for lysine® AAA changed
to AAG in order to create a Bglll restriction site.
(Fig. 1).

All oligonucleotides, except the terminal
ones, were 5' phosphorylated with polynucle-
otide kinase, annealed and ligated in a single
step. The ligation product of the expected size

wasisolated from a polyacrylamide gel, ligated
to plasmid pUC18 and sequenced.

Construction of the cytoplasmic system
for expression of CPTI I1.

The cytoplasmic system consisted of the E. coli
B strain (see Materials and Methods) and
pMW172 vector which make possible specific
transcription of the gene cloned under the T7
RNA polymerase promoter.

The Eco R1/Bglll fragment of the gene coding
for CPTI 11 cloned in pUC 19, was exchanged
for the synthetic oligonucleotide BamHI/Bglll;
this was confirmed by sequencing. The
BamH1/Hindlll fragment containing the gene
coding for CPTI Il was inserted downstream
from the inducible promoter of the expression
vector pMW 172 kindly offered by Dr. M. Way
to Dr. K. Bolewska of the Institute of Biochem-
istry and Biophysics. The physical map of the
recombined vector was confirmed by restric-
tion analysis. The short Ndel fragment was
removed and E. coli BL21(DE3)/pLys S cells
were transformed with pMW172--CPTI II plas-
mid (Fig. 2).

Cells were grown at 37°C in LB medium sup-
plemented with ampicillin (100 pg/ml), chlo-
ramphenicol (30 pg/ml), and when the culture
reached Aggy = 1.0, expression of the cloned
gene was induced with IPTG (0.4 mM). They
were harvested and frozen 3 h later.

After thawing, the cells were sonicated and
centrifuged. Antitrypsin activity was qualita-
tively determined in samples of the concen-
trated crude extract, corresponding to 4 or 8 ml
of the initial culture. '

Direct expression of the gene to yield anactive
form of the inhibitor in the cytoplasm was not
qualitatively detected in cellular lysates and in
putative inclusion bodies.

Construction of the secretion — expression
system for CPTI I1 synthesis

Inthis system, vector sequences coding for the
signal peptide and transcription termination
signal were from the E. coli gene coding for the
outer membrane Omp A protein. Expression
was regulated by the efficient [pp gene constitu-
tive promoter and the inducible lacUV5 pro-
moter/operator fragment [19]. These sequen-
ces were excised from pA2T1 plasmid kindly
offered by Dr. Ulrich Hahn.
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The Sphl/Hindlll fragment of the above plas-
mid, containing the entire vector sequences,
was ligated to a 104 bp sequence coding for
CPTI II, giving rise to pBM9 plasmid (Fig. 3).
Site directed mutagenesis based on the PCR
method was used to create a proper reading
frame downstream from the coding region of
the OmpA signal peptide. Subsequently, the
Xbal/Hindlll fragment containing the cloned
gene and the upstream sequences coding for
the leader peptide were used as a template for
PCR. The PCR product was cloned and se-
quenced in pUC 19.

Restriction fragment Xbal/HindIll from the
above construct was ligated to the vector
Xbal/Hindlll fragment from plasmid pA2T1,
and E. coli DH5-tt strain was transformed with
the resulting plasmid pIN-IIl-ompA2-CPTI Il
(Fig. 3). Transformants were selected after re-
striction analysis of plasmids from single col-
onies. Preliminary experiments showed anti-

Met)Arg Yal Cys Pro Lys |le Leu Mat Giu Cys Lys Lys Asp SerAsp
—lt

Eco BRI
5 AATTCGCATG CGT GTT TGC CCG AAG ATC
3 GCGTAC GCA CAA ACG GGC TTC TAG AAC TAC

Cvs Leu Ala Glu Cys lle Cvs Leu Glu His Gly Tyr Cys Gly

—the |
TGT CTC GAG CAC GGT TAC TGC GGT TAG TAA CGC GTA
CTC GTG CCA ATG ACG CCA ATCATT GCGCAT TCGA  10-fold concentrated

TGC CTG GCT GAATGC
ACG GAC CGA CTT ACG TAG ACA

Fig. 1. Nucleotide sequence of the chemically synthesized gene coding for CPTI 11,

stop codons included, with amino-acid sequence of the corresponding inhibitor.
Restriction sites and the size of appropriate oligonucleotides ligated to yield the gene

sequence are indicated.

a) sp

Mda |
ligase

b) &

Fig. 2. (a) Nucleotide sequence connecting the pMW172 vector (fine italic lettering)
with the synthetic gene coding for CPTI II. This sequence was modified by
restriction with Ndel and subsequent ligation, giving rise to (b) the final nucleotide
sequence connecting vector regulatory sequences to the synthetic gene. SD, Shine-

Daelgarno sequence.

Met)Arg Val Cys ProLys lle
(Met)Arg Val Cy Y

—Mde| = BomH| _Migl
5 AAGGAGATATACATATGGGATCC CAT ATG CGT GTT TGC CCG AA
3 JTCCTCTATATGTATACCCTAGG GTATAC GCA CAA ACG GGC TTC TAG

Met)Arg Val Cys Pro vwys ile
(Met)Arg y y

o Hde |
8 AAGCAGCATATACATAIG CGTGTT TGC CCG AA
T TTCOTCTATATGTATAC GCACAA ACG GGC TTC TAG

trypsin activity secreted by transformed clones
to the culture medium, following IPTG induc-
tion.

The growth and induction conditions of trans-
formed E, coli cells giving the maximum yield
of the recombinant peptide were established.
E. coli cells containing the plasmid were grown
in shaker flasks at 37°C in LB medium with
ampicillin (100 pg/ml). IPTG was added and
induction continued for the next 20 h. Cells
were harvested and trypsin inhibitory activity
was qualitatively estimated in the periplasm
[20] and in culture medium, after its concentra-
tion by freeze-drying.

All conclusions were based on visual estima-
tions of active fractions on the gel, compared to
appropriate controls run under identical condi-
tions (Fig. 4). All preparations migrated as
single active bands.

The search for maximal yields of the express-
ion product is summarized in Table 1. Optimal
growth conditions
were established as:
LB medium, 37°C,

ATG GAATGC AbA AMA GAT TCT GA™
ACG TTT TTT CTA AGACTA induction atthe mid-
log phase with 2 mM
IPTG for 24 h.

Antitrypsin activ-
ity was not found in
Stop ocodorm
periplasmic solution
and in putative in-
clusion bodies. The
rate of growth of the
cells containing the
recombinant plas-
mid under all condi-
tions tested was
identical with that
for the cells contain-
ing the vector.

CPTI 11 was partly
purified from the
culture medium by
anhydrotrypsin af-
finity chromatogra-
phy. Fractions show-
ing elevated absorp-
tion at 260 pm were
quantitatively as-
sayed for antitrypsin
activity. Under opti-
mal conditions the
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a)
pBM9
OmpA - |eoder CPT 1 gana
..... Ala Glu Ala | spni |
8 e GCG CAG GCCIGCA TGICGIGTTT .....
3 ..... CGC GTC CGG|CGT ACIT CAC AAA .....

sila — directed
rrdagenanis

pIN=Ill-ompA2=CPTI Il

Ornph — leader

b)

piN-lil-ompA2 - CPTI I

Hpa |

Fig. 3. Construction of the secretion — expression recombinant plasmid pIN-III-ompA2-CPTI II.

(a) Nucleotide sequence at the junction: ompA-leader — CPTI Il gene in pBM9 plasmid. This region was next subjected
to the site-directed mutagenesis via PCR; the resulting “in frame” construction is shown, together with the amino-acid
sequence cleaved by thesignal peptidase. (b) Physical map of the recombinant plasmid pIN-Ill-ompA2-CPTI 1L sp, signal

peptide; term, transcription terminator; lpp -l

. constitutive and inducible promoters and lac operator region;

appropriate restriction sites and selection marker are indicated.

yield of the active inhibitor was estima ted as 60
pg per 1 litre of culture.

DISCUSSION

In the reducing conditions of the bacterial
cytoplasm most of the cysteine-containing pro-
teins do not easily fold into the properly ox-
idized form. However, several proteins and at
least two different enzymes which catalyze ox-
idation of SH groups have been found in the
periplasmic space of E. coli [21-23], and their

abcdefghij k]I

F——————

assistance in protein folding was postulated.

This suggested the use of secretion vectors for

obtaining biologically active, oxidized CPTI II

[19, 24].

When the E. coli secretion system was used for
expression of recombinant CPTI II the yield
was rather low. We believe this could be at-
tributed to such properties of the system stu-
died as:

—low molecular mass of the inhibitor. To our
knowledge CPTI II is one of the smallest pep-
tides synthesized in the secretion system of E.
coli [25-27],

Fig. 4. Qualitative electrophoretic assay of trypsin
inhibition.

White, nontransparent “bubbles” consist of undigested
edestin, i.e. indicate localization of the band of the active
inhibitor. If not otherwise indicated, samples are equival-
ents of 1.5 ml of culture. Lanes a, b, c: inducton at time =
0by 2 mM IPTG at 28°C, samples were taken 5, 12 and 24
h later, respectively; lanes d, e: inducer (2 mM IPTG) was
added when culture reached at 28°C Aggo = 0.3, samples
were taken 8 and 20 h later, respectively; lane f: periplas-
mic sample equivalent to 15 ml of culture, standard con-
ditions; lanes g, h, it induction at time = 0 by 2 mM IPTG
at 37°C, samples were taken 5, 12 and 24 h later, respec-
tively; lanes j, k, 1 inducer (2 mM IPTG) was added when
culture at 37°C reached Aspo =0.4, samples were taken 2.5,
11.5 and 22.5 h later, respectively.
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Table 1
Optimization of recombinant CPTI II secretion
: IPTG conc. | Temperature Induction time (h) Samlrles wme+takﬂgﬁ;:he

Medim) “ e | €O (Inoculation of culture =0) | ‘oM I8 TS
0.2 28 4 {Agop 0.3) 0 5 12 24
a7 2.5 (Agog 0.4) 0 5 12 24

LB 28 0 {Agoo 0.065) 1] 5 12 24 |

20 4 (Ag000.3) 0 5 12 2
37 (A0 0.090) 0 5 12 24
[ 2.5 (As00 0.4) 0 5 13 24
M8 CAS 2.0 37 (Aspg 0.1) 0 12 24

—positively charged N-terminal Arg! residue 2,

of the mature inhibitor amino-acid sequence.

This was often implied as a factor lowering or

even precluding secretion [28-30].

The recombinant CPTI Il was not found in the
periplasmic space and was secreted to the me-
dium. This was probably due to its low mole-
cular mass [24].

The failure of experiments aiming at cytoplas-
mic expression of the gene coding for CPTI II
could be explained as due mainly to the meta-
bolic instability of expression products

(mRNA, polypeptide) [31]. Moreover, the low 4.

yield of CPTI Il production in the secretion
system indicates that a more efficient system of
expression may be required.

Such phenomena as the instability of mRNA, 5.

intracellular proteolysis prior to translocation,
incorrect folding, aggregation, incomplete pro-
cessing, defects in translocation, were not in-
vestigated because the available assay system
for proteinase inhibitors of this family allows
only the estimation of the biologically active

peptide. 5

We are greatly indebted to Dr. Ulrich Hahn
from Institut fiir Kristallographie, Freie Univer-
sitit Berlin for offering plasmid pA2T1. The
excellent technical assistance of Ms. Teresa Rak
is appreciated.
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