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ABSTRACT
This thesis discusses the expression and purification of some recombinant proteins in Es

cherichia coli cells as a result of direct expression and also fusion techniques. Analysis of their 

biological activities is likewise reported.
1. Following direct genetic fusion approach with the help of pUCl9 vector in which the inserted 

gene is controlled by the lac promoter, high level expression was achieved and large quantity of 

an enzymatically active Rous sarcoma virus integrase protein (IN) was produced from the 

inclusion body fraction.
2. Introducing fusion expression vectors the next recombinant proteins were produced:

a: In our case, the pRIT2T (Pharmacia) vector carrying the staphylococcal protein A and 

lambda phage pL heat inducible promoter proved to be useful for production of protein 

A/HIV-1 p24 fusion protein in soluble form and high quantity. As the pRIT2T does not contain 

proteolytic cleavage site for separation of the fusion partners, we have cloned the p24 protein 

coding region with the flanking HIV-l protease processing sites. Viral partner was separated by 

recombinant HIV-l protease in vitro following purification of the recombinant fusion protein on 

IgG-Sepharose affinity gel. As the above cloning strategy mimicked the in vivo protein 

processing events we have produced immunologically high quality of recombinant gag protein.
b. For production of hepattis В virus X (HBx) protein glutathione S-transferase (GST) as fu

sion partner encoded by the group of pGEX cloning vectors (Pharmacia) was used. As GST- 

HBx fusion protein accumulated in inclusion bodies, purification and renaturation protocols for 

a highly disulfide bonded and rather hydrophobic protein were developed. To decrease the ag
gregation tendency of recombinant protein we reduced the number of hydrophobic amino acids 

by truncation of the gene coding for the X protein at both ends. The X gene was also cloned to 

protein A as fusion partner to increase the solubility of the recombinant protein and used to 

promote the immune response upon development of monoclonal antibodies in mouse. Due to 

the negligible immunological crossreaction of GST with human sera we could use the GST/HBx 

fusion construction directly in diagnostic systems. Different variants of GST/HBx fusion 

constructions are currently used as a model system for structural analysis of recombinant 
proteins renatured under different folding conditions.
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c. In the course of the development of diagnostic systems for autoimmune blistering skin dis
eases we substituted the native autoantigens with a few antigenic epitopes characteristic for 

some autoimmune skin diseases in fusion with GST and expressed in E. coli. DNA oligomers 

representing the gene fragments of the antigenic epitopes were chemically synthetized and 

inserted as tandem repeated homologous and/or heterologous dimer and multimer units into the 

fusion-expression plasmid of pGEX-4T-2 (Pharmacia). These fusion antigenic epitopes proved 

to be highly sensitive in antibody capture tests. High efficiency and fidelity of GST/homo or het- 

rodimer fusion epitopes can be explained by avidity effect of GST (dimer formation) and high 

ligand affinity due to tandem repetitions of different antigenic epitopes. Introducing circular di- 
chroism (CD) and Fouier-transform infrared (FTIR) measurements to reveal the conformational 
consequences of peptides as fusion proteins we observed that in GST-fusion form the epitopic 

peptides show an increasing contribution of alfa-helix conformation irrespective of the different 
sequence of the peptides which were coupled in monomer or multimer form. However, based 

on the deconvolution of the CD and FTIR spectra, the free monomer, dimer and trimer epitopic 

peptides were present as a mixture of unordered and beta-sheet (extended) conformation.
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INTRODUCTION
The techniques of genetic engineering (recombinant DNA technology) are used to 

transfer specific units of genetic information from one organism into another and the ob

jective is often to produce a useful product or create a commercial process.

Heterologous expression systems are employed for the production of recombi

nant proteins because of the convenience of manipulation of these systems, and their abil

ity to achive levels of production higher than the native source of the protein (i.e. original 

tissue or primary cell culture). Among heterologous expression systems steady progress 

has been made in expanding the utility of Escherichia coli (E. coli), which is already and 

still a very powerful host.

New inducible promoters for heterologous proteins, numerous prokaryotic vec

tors for maximizing gene expression, genetically well-defined host strains and the success 

rate for the production of correctly folded proteins have increased. These advances pres

age the use of E. coli for the production of recombinant proteins. However, the drive for 

high expression levels unfortunately commonly leads to lower quality or authenticity of the 

protein's sequence or structure and frequently the gene products can only be obtained as 

insoluble, inactive protein aggregates (inclusion bodies). In the latter case a need exists to 

refold the denatured inclusion body protein to its native structure to regain the activity. 

Following inclusion body route, to be acceptable for commercial applications, refolding 

processes must be fast, inexpensive and highly efficient. In the health-care business, the 

market for products manufactured by means of a refolding route is greater than $ 600 M 

and is predicted to rise to $ 5000 M by the year 2000 (Personal communication). It is 

therefore likely that proteins produced by the inclusion body route will remain commer

cially important.

This thesis emphasizes how recombinant DNA technology can be used to produce 

various useful proteins/antigens in prokaryotic cells. The presented experimental results 

and actual methodological strategies together not only illustrate the basic concept of our 

work, but also provide insight with a solid basis for understanding current research in spe

cialized area of molecular biotechnology.



Development and adaptation of expression systems....!

PUBLICATIONS
This thesis is based on the following papers, which will be referred to by the Roman 

numerals:

I. Dona Marczinovits, J. Molnár, J. Sóki and I. Fodor. Overexpression and 

purification of enzymatically active recombinant integrase protein of Rous sarcoma 

virus. Virus Genes 6:3, 301-306 (1992).

II. Bona Marczinovits, J. Sóki, I. Fodor and J. Molnár. Cloning and expression in 

Escherichia coli of enzymatically active Rous sarcoma virus integrase protein. In 

Wegmann R. J. and Wegmann M. A. (editors) Paris. ’’Recent Advences in Cellular 

and Molecular Biology” Vol. 2. 15-20 (1992).

III. Bona Marczinovits, Imre Boros, F.E1 Jarrach, György Füst and János Molnár. 

Expression and in vitro processing of HIV-l/p24 protein produced in Escherichia 

coli. J. Biotechnol. 31, 225-232 (1993).

IV. Bona Marczinovits, János Molnár and András Patthy. Staphylococcal protein A is a 

novel heterologous substrate for the HIV-l protease. J. Biotechnol. 37, 79-83 

(1994).

V. Zs. Gyulai, В. Prágai, I. Marczinovits and I. Béládi. Immunologic analysis of 

recombinant vaccinia virus expressed HIV-l env proteins by sera from AIDS pa

tients without vaccinia virus specific immunoglobulins. Acta Microbiol. 

Immunol. Hun. (Abstr.) 41, 325 (1994).



8 Ilona Marczinovits

VI. S. Húsz, M. Kiss, I. Marczinovits, G. Tóth, К. Molnár, J. Molnár, A. Dobozy. 

Detection of bullous pemphigoid antibodies by means of synthetic peptides as 

antigenic epitopes. Acta Microbiol. Immunol. Hun. 43, 339-343 (1996).

VII. Marczinovits Попа, Molnár János, Patthy András. A staphylococcus 

protein A a HIV-l proteáz egy újabb heterológ szubsztrátuma. LAM (Abstr.) 6, 

237 (1996)

VIII. I. Marczinovits, Cs. Somogyi, K. Ferdinandy, P. Németh, J. Molnár. 

Development of an HBxAg and anti-HBxAg diagnostic system. Acta Micro

biol. Immunol. Hun. (Abstr.) 43, 409 (1996).

IX. Mária Kiss, Sándor Húsz, Попа Marczinovits, János Molnár, Katalin 

Molnár, Gábor Tóth, Attila Dobozy. Development of an ELISA system for 

the rapid diagnosis of bullous pemphigoid. (Abstr.) J. Inv. Derm. 107, 493 

(1996).

J. Molnár, S. Húsz, M. Kiss, I. Marczinovits, G. Tóth, L. Dorgai, M. 

Kálmán. Development of a system for the detection of autoantibodies 

against desmosomal and hemidesmosomal proteins. (Abstr.) Mol. Biol. 

Cell 7, Suppl., 84a (1996).

X

I. Marczinovits, Cs. Somogyi, A. Patthy, P. Németh and J. Molnár. An al

ternative purification protocol for producing hepatitis В virus antigen on a 

preparative scale in Escherichia coli. J. Biotechnol. 56, 81-88 (1997).

XI.



Development and application of expression systems... 9

Katalin Molnár, Mária Kiss, Sándor Húsz, Попа Marczinovits, János 

Monár, Gábor K. Tóth, Attila Dobozy. Development of a system for the 

detection of circulating antibodies against desmosomal proteins in patients 

with pemphigus. (Abstr.) J. Inv. Derm. 109, 419 (1997).

XII.

Molnár, J., I. Marczinovits, M. Kiss, S. Húsz, G. Tóth, L. Dorgai and M. 
Kálmán. Recombinant antigens by fusion of antigenic epitopes to a GST part
ner. Proc. Symp. Stability and Stabilization of Biocatalysts (Cordoba, April 
19-22, 1988): in press.

XIII.

Marczinovits L, J. Molnár, M. Z. Kele, P. T. Szabó and T. Janáky. A 

folding method for high level production of the hydrophobic, disulfide bonded 

hepatitis В X protein by inclusion body route and its structural analysis. Proc 

Symp. Stability and Stabilization of Biocatalysts (Cordoba, April 19-22, 1998): 
in press.

XIV.



10 Ilona Marczinovits

REWIEW OF THE LITERATURE RELATED
TO THE THESIS

GENERAL CONSIDERATIONS OF CLONING HETEROLOGOUS GENES IN 
ESCHERICHIA COLI

The main organism for heterologous protein production has long been the Es

cherichia coli. Recent advances have been made in optimization of the expression of for

eign genes in E. coli at high levels. Because of these high levels and the well understood 

genetics, E. coli is likely to remain as a host for some time to come. To fulfill all require

ments in this field, numerous prokaryotic vectors for maximizing gene expression and ge

netically well defined host strains are currently available for research and production pur

poses on demand. However, expression of foreign genes at high level in E. coli in active 

form is often difficult. The obstacle is the formation of intracellular protein aggregates or 

"inclusion bodies". The inclusion body protein does not have its native structure, and 

therefore has no biological activity. Thus a need exists to refold the denatured inclusion 

body protein to its native structure to regain the activity. The inclusion body phenomenon 

is especially true for the complex proteins containing multiple subunits, disulfide bonds and 

are posttranslationally modified. Over the past few years, a popular strategy designed to 

address the above limitation has emerged that involves fusion of the gene of interest to a 

second 'carrier' or 'partner' gene to produce a fusion protein. An appropriate gene fusion 

very often successfully prevent inclusion body formation.

In the next, I review briefly some aspects of gene expression in E. coli without the 

intention to discuss all approaches listed below but instead to focus on those we have con

sidered and followed in our work.
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TECHNIQUES FOR OPTIMIZING GENE EXPRESSION IN E. COLI

General techniques
Choice of host strain impacts expression.

Gene dosage, as manipulated through plasmid copy 

number, affects expression.

Choice of antibiotic resistance on the expression plasmid 

can influence on protein expression.

Strong/weak, inducible/constitutive; promoter and 

regulation is a major influence on protein expression, 

which is also affected by relative orientation and 

strength of promoters on the plasmid.

Effectiveness and spacing of transcription terminators 

affect expression.

The stability of the mRNA impacts yield. Secondary 

structure, especially at the 5' end of the message, often 

plays a critical role.

The ribosome binding site affects the level of ribosome 

loading and clearance, and hence expression. Secondary 

structure of the 5' end of the message can affect the 

accessibility of the ribosome binding site.

Utilising the optimal E.coli codons often improves yield. 

Temperature has a pronounced effect on protein folding 

and stability. Lower temperature frequently improvres 

soluble yields.

Growth conditions, oxygen levels growth rate, carbone 

source and fermentor configuration affect yield.

Fusing heterologous proteins to peptides that are typi

cally highly soluble in E. coli often improves soluble 

yield.

Host strain

Plasmid copy number

Selection of antibiotic

Promoter

Transcription termination

mRNA stability

Translational signal

Codon usage 

Temperature

Growth conditions/media

Fusion proteins

4:

a



12 Ilona Marczinovits

Fusion of short peptide tags generally does not improve 

soluble expression but does simplify recovery of het

erologous proteins.

Tagged proteins

Protein-specific techniques

Fusion to E. coli secretion signal sequences often result 

in partitioning of heterologous proteins to the periplasm 

in which disulfide bonds can form and in which certain 

deleterious proteins, like Rnase A, can accumulate 

without threatening the cell.

Co-induction of higher levels of bacterial chaper

ones, typically GroESL, improves soluble yields of 

some heterologous proteins.

Protease deficient strains can improve soluble yields 

of sensitive proteins.

Manipulation of genes associated with disulfide 

bond formation and/or redox state can improve 

soluble expression in the periplasm.

Provision of the necessary cofactors, either by 

exogenous feeding or supplementation of the natu

ral capacity of E. coli to produce cofactors, can im

prove yields.

Multisubunit proteins can often be successfully as

sembled in vivo with concomitant expression of the 

subunit.

Shorter peptides, or proteins that naturally polym

erize, can be expressed in multimers to improve 

soluble yield.

Secretion

Coexpression of chaperones

Protease mutations

Disulfides

Cofactors

Coexpression of subunits

Expression as a polymer
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Extremely large, complex, heterologous proteins are 

seldom expressed successfully in E. coli', however, 

successful expression of domains can be achieved 

more readily.

Mutagenesis can sometimes identify changes that 

specifically reduce or eliminate aggregation in a 

protein-specific manner.

Expression as a fragment

Specific mutations

Optimization of gene expression through mRNA

Two main targets are:

Optimization of Transcription

•genetic fusion to strong promoter 

•increased gene dosage 

Optimization of Translation

Optimization of Transcription

•Transcription rate is a result of RNA polymerase activity and its frequency of initiat

ing new transcription events. The latter is a product of promoter properties usually termed 

as promoter strength. Strong, controllable promoters are pL, pT7, plac, piac.

Regulatable promoters are particularly useful if the overexpressed protein is deleterious to 

the host cell. Therefore, the ideal promoter for the expression of recombinant proteins in 

E. coli directs efifitient transcription to allow high level protein production and is tightly 

regulated to minimize metabolic burden and toxic effects. It is also inducible by a low cost 

chemical or by shifting" the growth conditions. However, some promoters share common 

problems, such as leaky expression under non-inducing conditions and the negative effect 

of induction on the physiology of the host.

Some recent noteworthy improvements in promoter control include the following:

**The introduction of a thermosensitive lac repressor gene, laclts, into expression 

plasmids to provide a tightly regulated, low-cost expression system (1,2,3).
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**The use of a reversible transcription termination system derived from phage X to control 

leaky expression of T7 RNA polymerase (4).

**Expression plasmids with better stability provided by tandem transcription 

terminators that prevent read-through transcription into vector sequences (5).

**The development of feed strategies (glucose, fructose galactose, and/or yeast 

extract) for tight low-cost control of the trp promoter in large-scale fermentations

(6).

**The development of thermally regulated, runaway replication plasmids that allow more 

efficient repression of the trp promoter (7).

**The availability of several new promoters has expanded the repert for heterologous 

gene expression such as ara, cad, and xap (8, 9, 10) and their combination with lac, 

tac, or other well-characterized promoters, the independent regulation of expression 

of multiple genes.

• Increasing gene dosage is the second effective way to increase the amount of 

specific mRNA in the cell to amplify the cloned gene. As in practically all recombinant E. 

coli expression strains the heterologous gene is maintained on a plasmid and so gene dos

age (number of recombinant gene copies per host genome) can rather easily influenced by 

varying plasmid copy number (PCN). Plasmids of the pUC series reveal around 500 PCN. 

Plasmids with a rather stringently controlled replicon have been developed and designated 

as "runaway-replication plasmids". They enable the rise of PCN and hence gene dosage 

from around 1-10 under controlled conditions to ~1 000 when uncontrolled.

Optimization of Translation

Only a few reports exist on translational optimisation for maximizing recombinant 

gene expression. One main target is translation initiation wich is mediated by the ribo- 

somal binding site (RBS) on the mRNA. The RBS is mainly determined by the Shine- 

Dalgamo (S/D) sequence, a short region of homology to 16S rRNA, and by the distance 

and base composition to the first codon.
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Most existing expression plasmids carry the RBS which naturally follows the utilized pro
moter. For all lac promoter derivatives this is the RBS of lac Z.

Optimization of the expression bv fusion approach

Recombinant techniques, where genes or gene fragments are spliced together to form 

gene fusions have become an attractive tool for biotechnology. Some applications of 

fusion proteins in biotechnology are listed in table 1. The majority of the examples of 

gene fusions are from applications using Escherichia coli as the host. Escherichia coli

Table 1. Application of fusion proteins in biotechnology

JREFERENCEAPPLICATION

Production of immunogens
Production of protein products
Decreased solubility
Increased solubility
Decreased proteolysis
Increased therapeutic in vivo stability
Display of proteins on bacterial surfaces
Selection ofspecific antibodies on phages
Production of single-chain antibodies
Selection for improved receptor binding
Drug targeting
Single chain molecules
BifunctionaL enzymes
Changing the quaternary structure
Selection for inhibitor

11
12, 13 

12, 13 

14, 15
16
17, 18
19
20
21
22
23
21, 24
25
26, 27
28
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gene fusion expression systems have circumvented many of the problems inherent in the 

use of this bacterium for the production of recombinant proteins. An appropriate gene fu

sion very often can eliminate variability in expression yields, enable development of 

generic protein purification schemes, stabilize of proteins during expression and, most 

importantly, successfully prevent inclusion body formation or enhance solubility dur

ing in vitro refolding.

Some common gene fusion partners in E. coli expression systems are listed in table 2. As 

can be seen a number of efficient gene fusion systems exist. Various consideration such as 

localization, solubility, yield, purity and the intended use of the gene fusion product, influ

ence the choice of the optimal system for a particular protein.

Table 2. Common fusion partners for recombinant protein production

FUSION PARTNER
__________________

liillilllil
PURIFICATION j REFERENCE
ii wmm ililiCTi

Protein A IgG binding 

Glutathione binding 

Amylose binding 

Selective release, 

heat stability and IMAC (immobilized 

metal ion affinity chromatography)

29

Glutathione-S-transferase 

Maltose binding protein 

Thioredoxin

30

31

32

IMACHistidine 

Flag peptide 

ß-galactosidase 

Chloramphenicol 

acetyl transferase 

lac represszor 

Galactose binding 

protein

33

anti Flag peptide binding 

anti-ß-galactosidase binding

34

35

Chloramphenicol binding 

lac operator binding

36

37

Galactose binding 38
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In the next part I would like to highlight those in common use.

The four main systems are based on fusion to Staphylococcus protein A (SPA), Schis

tosoma japonicum glutathion-S-transferase (GST), E. coli maltose-binding protein (MBP) 

and E. coli thioredoxin. These four systems have been the most successful in producing 

correctly folded and soluble heterologous proteins in bacterial cytoplasm. Physical proper

ties of these fusion partners are probably important and perhaps their high stability, 

solubility, folding characteristics allow them to act functionally in vivo as covalently linked 

'chaperones'.

A hydrophilic and highly soluble protein A variant as fusion partner was used to produce 

a correctly folded insuline-like growth factor in high yields without aggregation or precipi

tation of incorrect structure (14).

Flag system is based on protein-protein interaction and an essentially pure product can 

be obtained in almost 100% yield in a one step procedure. An advantage of the Flag 

peptide fusion system is that mild elution conditions can be used an important factor for 

many products which are sensitive to extreme pH or high salt conditions.

An alternative is to follow inclusion body rout to produce milligram-quantity of recom

binant fusion proteins. For this reason histidine tag as fusion partner is ideal because his

tidine-containing fusion proteins can be recover by specific Ni2+ affinity chromatography 

under denaturing conditions, such as 4M urea (40).

Gene fusion expression systems have also used to express short peptide genes. Oligonu

cleotide sequence complementary to a defined epitope is ligated in frame with the fusion 

partner's gene or peptide epitopes are constructed as internal fusions. For this reason the 

active-site loop of E. coli thioredoxin TrxA is used which serves as permissive site for the 

insertion of a wide variety of short peptide sequences up to 22 residues in length. Such 

short recombinant fusion peptides are then used as antigenic targets in an ELISA or 'loop 

peptides' can serve as antigens, as library members in binding screens, or as affinity 'tags'.

Even though fusion gene strategy is convenient and frequently used technology, the bot

tleneck for many applications is that a specific procedure has to be developed for removal 

of the affinity handle. Chemical cleavage methods have been used to release
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small proteins or peptides from fusion partners (41), though to release larger proteins, 

more selective enzymatic cleavage methods have to be used (42). Several proteases have 

been exploited for this purpose, including thrombin, factor Xa, and enterokinase (43). 

However, it is questionable, wether most of these cleavage methods are suffitiently selec

tive and specific for general use. The cleavage efficiency is influenced by the adjacent 

amino acids and the three-dimensional structure of the recognition sequence in the fusion 

protein. Therefore, the method of choice must be determined on a product by product 

basis. Several improvements have been made recently in the cleavage methods. PreScis- 

sion protease (Pharmacia) is a genetically engineered fusion protein consisting of human 

rhino virus 3C protease and glutathion S-transferase (GST). The protease is designed to be 

used with GST fusion proteins. It simultaneously binds to affinity gel and cleaves bound 

GST fusion proteins, releasing of the protein of interest. Unlike thrombin, factor Xa and 

enterokinase, which typically require room temperature incubation, PreScission Protease 

has an optimum temperature of 5 °C with an acceptable range between 5 °C and 15 °C. 

Labile proteins fused to GST are likely to be more stable at the lower temperatures used 

for digestion. However, for a wide range of purposes, including diagnoses (44), immuni

zation (45) or enzymatic assays (46), fusion proteins can be utilized in the chimeric form 

without further processing.

To conclude, today's fusion systems not only provide high levels of gene expression, but 

also often produce soluble and correctly folded fusion proteins that can be conveniently 

purified and efficiently cleaved.

Optimization of the quality of productby inclusion body strategy

When expressed in bacteria, foreign proteins may accumulate as insoluble aggregates of 

improperly folded species called inclusion bodies. While some percentage of an expressed 

protein is usually soluble and monomeric, up to 95% or more can be in inclusion bodies
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that can represent more than 50% of the total cellular protein. A number of approaches 

have been used to obtain greater solubility, including induction at 25-30 °C, use of lower 

concentrations of inducer, isopropyl-ß-D-thiogalactopyranoside (IPTG) for longer induc

tion periods, and/or using a specific culture medium (47). As more becomes known about 

protein folding pathways it is likely that other approaches will be forthcoming. However, 

the accumulation of proteins in inclusion bodies is not necessarily undesirable. Insolubility 

has three important advantages:

1. Inclusion bodies can represent the highest yielding fraction of target protein.

2. Inclusion bodies are easy to isolate as an efficient first step in a purification scheme. 

Nuclease-treated, washed inclusion bodies are usually 75-95% pure target protein.

3. Target proteins in inclusion bodies are generally protected from proteolytic breakdown. 

After solubilization, native proteins can be generated from the inactive material by using

in vitro folding techniques. New folding procedures have been developed for efficient in 

vitro reconstitution of complex hydrophobic, multidomain, oligomeric, or highly disulfide- 

bonded proteins.

Taking advantage of the efficiency of the methods (discussed in Introduction), folding 

of inclusion-body proteins may be the method of choice for high-level production of re

combinant proteins as long as the inclusion body protein can be successfully refolded.
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AIMS OF THE WORK
Microorganisms can be used as "biological factories" for large scale production of pro

teins important for medicine; e. g. insulin, interferon, growth hormon, viral antigens and a 

wide range of other proteins. This new technology facilitated the development of diagnos
tic systems and also contributed to enhance the basic protein research by supplying in a 

reasonable amounts of gene products for structural and physico-chemical analyses.
Following the above technique we focused to produce biologically active viral proteins 

or immunogenic epitopes of several human autoantigens. The most successful recombinant 
products developed for diagnostic purposes are, at the same time, the objects of basic re
search; e.g. different variants of GST-X fusion proteins serve to examine disulfide bonds 

formations upon different environmental conditions of refolding or in the case of fusion 

peptide constructions the results of biophysical measurements support that the effect of 

fusion partner may serve as chaperone to achive the beneficial three dimensional struc
tures.
Our aims and work are listed below.
1. To express and purify enzymatically active recombinant integrase protein of Rous 

sarcoma virus.
2. To develop a simple, high yielding source of the major core HIV-1 p24 antigen via the 

expression in E. coli of staphylococcal protein A (SPA)/fflV-l p24 fusion protein and 

its subsequent proteolytic cleavage with HIV-l protease.
3. To prove that the HIV-l protease sensitive site near the end of the last domain of the 

staphylococcus protein A encoded by the commercially available pRIT-2T (Pharmacia) 
prokaryotic fusion expression vector is also viable in vitro on other chimeric proteins.

4. To develop an inclusion body rout for production of a complex viral protein, hepati
tis В virus X, in high yield by means of a beneficial in vitro refolding method in 

milligram quantity.
5. To construct and produce fusion antigens using epitope blocks of authentic autoanti

gens in tandem repetitions fused with GST and expressed in E. coli cells for develop
ment of differential diagnostic systems of several autoimmune blistering skin diseases.
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MATERIALS AND METHODS
PLASMID CONSTRUCTIONS AND BACTERIAL STRAINS (Papers I-XIV) 
pMF1413: The BgBl-EcoRl fragment from the plasmid pMF14 (Papers I and II), contain
ing the entire pol gene of Rous sarcoma virus (RSV), was cloned into plasmid pUC19 

cleaved with BamHl and EcoRl.
pPRIT2T/HIVp24: The Pvull-Bgtll DNA sequence specifying the p24 gag protein (with 

flanking sequences on both sides) of the HIVl genome (III.) was cloned into the Smal- 

BamHl sites of pRIT2T (Pharmacia).
pGEX-3XXBF: The coding region of the hepatitis В virus X gene between the BamHl- 

Fspl restriction sites was derived from the plasmid pHB320 (47) and cloned through the 

pHSG 395 vector into the BamHl-Smal restriction sites of the fusion-expression vector 

pGEX-3X (Pharmacia). In this case, the X protein is truncated by 9 and 11 amino acids at 
the N- and C-terminals, respectively.
Recombinant antigens constructed by genetic fusion of antigenic epitopes to a GST 

partner: DNA sequences encoding the antigenic epitope peptides as well as the comple
mentary chains were synthetised in vitro following codon usage in E. coli and were fused 

through the BamHl site to the glutathione S-transferase (GST) gene of the fusion- 

expression plasmid pGEX-4T-2 (Pharmacia) in frame. Codons of dipeptide for GS as a 

linker between the GST and the epitope was inserted. In the case of the monomer fusion- 

expression constructions stop codon is at the end of the introduced epitope inserts which 

are followed by Sail for the BP 180 and EcoRl restriction enzyme site for the other con
structions. In homologous or heterologous dimer and multimer constructions DNA blocks 

encoding the peptides without stop codons are linked to one another by BamHl and BgKI 
restriction sites in frame through a DNA sequence coding for PPRS tetrapeptide sequence. 
The identity of the inserted DNA blocks and the flanking plasmid regions were controlled 

by sequencing.
Overall strategy for construction of recombinant fusion products containing DNA blocks 

of different epitopes is shown in the Fig. 1.
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■i
l-GS-ГП T-GS-I 2~|BP2 [GST GSTBPI

j-GS-fTI-PPRS-m IgsTUpprs-TTIGST GSTBP22 BP31

i
I CST UjS-TTT-PPRS-TTIBP32

T-GS-TTl-PPRS -ITI-PPRS-ITIGSTBP111

T-GS-TTI-PPRS -ГП-PPRSTTT-PPRSTTIGSTBP1112

I CST k^TI-PPRS^PPRS^nBP221

Fig. 1. Schematic drawing (nomenclature) of the structures of recombinant fusion products 

GST=Glutathione S-transferase; 1=BP1 peptide epitope (1814-1834) of the 230kDa 

bullous pemphigoid antigen; 2= BP2 peptide epitope (507-528) of the 180 kDa 

bullous pemphigoid antigen; 3= BP 172, the second peptide epitope (1793-1813) of 

the 230 kDa bullous pemphigoid antigen; GS and PPRS= sequences of linker pep

tides (with one letter code);^= represents the cleavage site of thrombin.

Escherichia coli strains DH-5a, HB-101 and N4830-1 stains were used for cloning and 

expression of the recombinant proteins and fusion peptide epitopes.

METHODS USED IN DIRECT FUSION TECHNIQUE

Main concepts of the basic techniques i. e. transformation, screening, induction condi

tions of recombinant plasmids were as described in the manual by Sambrook et al. (49). 

Here I list only the main steps of the methods we have developed and followed for a par-
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ticular work. Detailed descriptions of the methods are in the relevant paper numbered by I. 

II... etc. that are given to each section of the mentioned technique.

Expression and purification of RSV integrase (IN) protein fused to piac promoter

(Papers I and П)

• Expression of the IN protein

1. The synthesis of IN protein was tested in E. coli minicells.

2. For overexpression and purification of recombinant IN protein the HB101 strain of E. 

coli was used.

3. Expression was performed by IPTG immediately added to the medium for 5 h at 37°C.

• Purification steps involved:

1. Washing of the inclusion body protein with buffer containing 0.1% detergent mixture 

(0.02% NP40, 0.08% Triton X 100) and 0.1 M NaCl.

2. Selective solubilization of inclusion body protein with buffered 1 M NaCl.

3. Further purification of the recombinant protein on gel filtration and cation exchange 

chromatography.

• Testing of the endonucleolytic activity of recombinant integrase protein

1. The substrate plasmid which contains LTR-LTR repeats was constructed from pSRA

retroviral DNA. The LTR-LTR junction fragment was cloned into the pUCl9 vector 

and purified on CsCl density gradient.

2. Nicking activity of the enzyme was performed in the presence of Mn2+ or Mg2+ and 

visualized in agarose gel.

3. Restriction endonuclease analysis of integrase-digested products was performed by au

toradiography on agarose-NaOH gel.
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METHODS USED IN FUSION TECHNIQUES

a. Expression and purification of HIV-1 p24 protein as fusion with the staphylococcal
Protein A (Paper Ш)

• Expression of the fusion protein:
1. N4830 cells harbouring the recombinant plasmid were grown in LB containing am- 

picillin at 30 °C to an OD 600 of 0.8-1.0.
2. Induction was carried out by heat at 420 C for 90 min.
• Production and purification steps involved:

1. Purification and refolding of recombinant HIV-1 protease and analysis by sodium do- 

decylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
2. Affinity purification of the recombinant protein A-HIV-l/p24 protein on IgG- 

Sepharose and analysis by SDS-PAGE.
3. In vitro processing of the purified recombinant fusion protein by HIV-1 protease and 

analysis by SDS-PAGE.
4. Affinity purification of the cleaved gag p24 protein and analysis by SDS-PAGE.
5. Analysis of the purified HIV-l/p24 protein by SDS-PAGE and immunological meth

ods.

b. Staphylococcal protein A is a novel heterologous substrate for the HIV-1 protease
(Papers IV and VH)

• Localization and employment of a novel HIV 1 protease cleavage site within the last

IgG-binding domain of protein A encoded bv the pRIT2T fusion expression vector:
1. Construction the pRIT2T//acZ recombinant plasmid.

2. Affinity purification of protein A/ß-galactosidase fusion protein and analysis by SDS- 

PAGE.
3. Affinity purification of recombinant staphylococcal protein A and analysis by SDS- 

PAGE.
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1. Cleavage of protein A and protein A/ß-galactosidase fusion protein by ШУ-1 prote

ase and analysis by SDS-PAGE.

2. Microsequencing of protein A fragments.

c. Expression and puri fication of hepatitis В virus X protein as fusion with the Schis

tosoma iaponicum glutathione S-transferase (GST) (Papers УШ and XIX

• Production and purification steps involved:

1. Bacterial cell disruption was by sonication in the presence of lysozyme and sarcosyl.

2. Recombinant protein accumulated in inclusion body fraction was dissolved in 8M urea 

and refoded in vitro by dilution.

3. The refolded fusion protein was cleaved with Xa protease.

4. Separation of the fusion partners were on a Sephadex 75 column (FPLC) in the 

presence of 6M guanidine hydrochloride.

5. Determination of the cleavage sites was by N-terminal sequencing.

6. All steps of purification were monitored by SDS-PAGE.

7. Western blot analysis of the purified X protein with monoclonal antibodies devel

oped against the recombinant X antigen.

8. Immunohistochemistry of formalin-fixed paraffin embedded sections for HbxAg with 

monoclonal antibodies in cases of active hepatitis, chronic persistent hepatitis, cir

rhosis, and primary hepatocellular carcinoma.

d. Structural analysis of the in vitro re folded recombinant hepatitis В virus X protein

(Papers XI and XIV).

• In vitro refolding of a highly hydrophobic and disulfide bonded viral protein 

1. Selective extraction of the expressed fusion protein with 8 M urea from the inclusion 

body fraction at pH 6.5.
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1. Renaturation of GST-HBx protein by dilution with deionized distilled water at 2-3 

mg/ml concentration.

2. In vitro cleavage of the refolded fusion protein by Xa protease at 2-3 mg/ml concentra

tion in the presence of 2.66 M urea.

3. Separation of the HBx protein on Superdex FPLC column.

• Identification of the position of disulfide bonds

1. Alkylation of the GST-HBx fusion protein and separation in non-reducing SDS- 

Tricine-polyacrylamide gel.

2. Digestion of X protein with trypsin in the gel and elution of the fragments from the gel.

3. Separation and analysis of the digested fragments by reversed phase HPLC coupled to 

the mass spectrometer.

4. Comparison of the theoretical tryptic digestion with the molecular weights of peptide 

fragments found by the HPLC-ElectroSpray Ionization Mass Spectrometry (ESIMS) 

analysis and determination of the alkylated and the disulfide bonded cysteines.

e. Development of an ELISA system for the rapid diagnosis of bullous pemphisoid (BP)

(Papers VH, IX, X, ХП, ХШ).

• Peptide synthesis

1. The sequences of the BP antigens were from Swiss-Prot and PER. data banks and 

were analysed for prediction of antigenic epitopes with WISCONSIN Package, Ver

sion 8. (Genetics computer Group, Madison, USA) using the Peptidestructure and 

Plotstructure programs.

2. The choosen epitope fragments were synthesized by solid-phase technique utilizing 

t'Boc chemistry. The crude peptides were purified by reverse-phase HPLC and char

acterized by mass spectrometry.

3. Sequences of peptides which reacted immunologically with the patients’ sera were 

further used for synthesis of corresponding DNA sequences in vitro.



Development and application of expression systems... 27

• DNA Blocks coding for the antigenic epitopes were synthesised by L. Dorgai (Z. Bay 

Foundation for Applied Research, Szeged).
DNA sequences encoding the antigenic epitope peptides as well as the complementary 

chains were synthesised in vitro and fused through the BamHl site to the glutathione S- 
transferase (GST) gene (pGEX-4T-2; Pharmacia) in frame. Codons of dipeptide for GS 

as a linker between the GST and the epitope was inserted. In the case of the monomer 

fusion-expression constructions stop codon is at the end of the inserted epitopes which 

are followed by Sail for the BP 180 and EcoRl restriction enzyme site for the other 

constructions. In homologous or heterologous dimer and multimer constructions DNA 

blocks encoding the peptides without stop codons are linked to one another by BamHl 
and Bglll restriction sites in frame, through DNA sequences for PPRS tetrapeptide se
quences. The inserted DNA blocks and the flanking plasmid regions were controlled by 

sequencing.

• Expression and isolation of the recombinant fusion products

1. E. coli DH5a cells harbouring the different fusion-expression plasmid constructios 

were grown in LB medium supplemented with the necessary antibioticum and in
duced with 0.5 mM isopropyl ß-D-thiogalactopyranoside (IPTG) for 3 hours.

2. Bacteria were harvested by centrifugation then treated with lysozyme and disrupted 

by sonication.
3. Purification of the recombinant fusion proteins were from the soluble fraction of the 

cell lysate by Glutathione Sepharose 4B affinity gel (Pharmacia) in the presence of 

1% Triton X 100 as described in the paper of УШ. and XI.
The recombinant fusion-products were denoted as illustrated in Fig. 1., page number
22.
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RESULTS AND DISCUSSION

In this chapter of the thesis I summarize the results reffering to some papers. The 

numbers of figures and pages are indicated after the original publications, which are 

part of the thesis, for demonstration of the results.

Papers I. and П.
• C-terminal domain of polymerase gene of Rous sarcoma virus (RS V) which encode 

the IN protein was cloned and expressed in E. coli (Paper II. Fig.l. p. 17). The re
combinant integrase (IN) was expressed as inclusion body protein and prepurified by 

successive washing of the inclusion body with 0.1 M NaCl and detergents.
• The recombinant protein was extracted from the prepurified inclusion body fraction 

with buffered 1 M NaCl in the presence of detergents and its further purification was 

performed in high yield by standard chromatography methods (Paper I. Fig.l. p. 
303).

• Endonuclease (nicking) activity of the IN protein was tested on supercoiled plasmids 

(p2LTR) containing two tandem viral long terminal repeats (LTRs) and pUCl9 as 

heterologous substrate.
• We have found that enzymic activity is dependent on the presence of a divalent 
cation and is much more active with Mn2+ than with Mg2+. There was more conver
sion of the supercoiled DNA to nicked form in the presence of Mn2+ (Paper I. Fig. 
2A. p. 305).

• Nicking activity of the enzyme was observed preferentially in the presence of 6 mM 

Mn2+ on pUC19 substrate as well. This property of the RSV protein is consistent 
with that of HIV-l IN observed on heterologous pBR322 plasmid DNA.

• To find the conditions for substrate-specific nicking activity of the IN we tried reduc
ing the MnCl2 concentration to restrict the cleavage site to the p2LTR substrate.
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• We could achieve substrate-specific nicking activity at ImM MnCl2. For mapping the 

cleavage site in the presence of ImM MnCl2 the substrates of p2LTR and pUCl9 were 

digested with IN and subsequently with HindiII which cleaves the pUC19 at a single 

known location.
• The specificity for cleavage in the LTR-LTR sequences was analysed in denatured 

agarose gel and specific nicking activity was supported by two linear forms of the 

p2LTR substrate observed as a double band (Paper I. Fig. 2B, lane 2, p. 305.) and by the 

lack of nicking activity on pUC19 DNA shown as a single band which represented the 

entire length of the vector pUC19 DNA (Paper I. Fig. 2B, lane 4, p. 305.).
In summary, the RSV recombinant IN gene was cloned and the enzyme ex

pressed in E. coli. High level of purification was achieved after washing the bacte
rial pellet to release the IN proteins off that of E. coli. A large amount of the IN 

protein was extracted with buffered 1M NaCl. The purified and refolded recombi
nant RSV protein retained DNA cleaving activities and showed preference for 

Mn2+ over Mg2+. We demonstrated substrate-specific nicking activity of the inte- 
grase at 1 mM MnCl2+.

Paper Ш.
• Here we described a new alternative route for the production and purification of HIV 

gag p24 protein for diagnostic tests.
We fused the viral protein to staphylococcal protein A encoded by the pRIT2T 

(Pharmacia).
• This approach allowed stabilization of fusion protein in E. coli cells, a rapid purification 

procedure by IgG affinity chromatography and based on the cloning strategy a conven
ient separation of the p24 protein from the fusion partner with recombinant HIV-1 pro
tease in vitro (Paper III. Figs. 1 A, and 2. pp. 228 and 229).

• Immunogen activity of the recombinant fusion protein was tested by Western blot (Paper 

III. Fig. ЗА and B. p. 230). Antigenicity of the reference and in vitro processed
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p24 preparation was measured with an antigen capture assay of Abbott. 

A measurable OD value was found even at a concentration of 200 pg/ml of p24 antigen. 

(Paper III.Fig. 3C. a. p. 230). Acid sensitivity of the recombinant and reference p24 was 

also tested and as a results of acid treatments their antigenicity was similar. (Paper III. 

Fig. 3C. b. p. 230).

In summary, a novel route of the production and purification of HIV gag p24 

protein in milligram quantities was developed. Antigenicity of the recombinant 

p24 protein was similar to those of native counterparts confirmed by Western blot 

and Abbott antigen test.

Papers IV and VH.

• We found upon in vitro processing of the recombinant HIV-1/gag p24 protein, ex

pressed in E. coli as a fusion protein, by HIV-1 protease, a cleavage site within the 

staphylococcal protein A fusion partner coded by pRIT2T fusion expression plasmid 

(Pharmacia). (Paper IV. Fig. 1. p. 81).

• The above HIV-1 protease cleavage site was localized by N-terminal sequencing in the 

IgG-binding domain C of the protein A.

• We proved that the protease sensitive site was cleavable in vitro on the protein A alone 

and in fusion with other fusion partner (Paper IV. Fig. 1, lanes 5, 6 and Fig. 2. pp. 81 

and 82).

• Temperature dependence of the specificity of the cleavage site within the protein A was 

also tested and optimized (Paper IV. Fig. 3. p. 82).

• As one of the critical point of fusion technique is the problem how the fusion partners be 

separated from each other, the above phenomenon may have significance in biotechnol

ogy work.

In summary, the ability of HIV-1 protease to cleave the staphylococcal protein 

A in the last IgG domain close to the cloning sites may enhance the significance of
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the pRIT2T fusion vector in biotechnology work. Not only does it allow fusion of 

any genes to the protein A moiety, but the fusion gene products can easily be sepa
rated from the protein A partner because of a scissile bond for HIV-1 protease 

close to the fusion site in protein A.

PapersVH. and XI.

Transactivation of cellular genes by hepatitis В virus (HBV) X gene-encoded protein 

(HBx) is proposed as alternative mechanisms for induction of hepatocellular carcinoma 

(HCC) in chronic HBV infection. Therefore, the X antigen as prognostic marker may be 

important because in the progression of chronic state of the hepatitis to malignant 

transformation of hepatocytes can be monitored by its expression.

• We developed a unique method to produce recombinant HBx protein from inclusion 

bodies following fusion expression technique for subsequent diagnostic use (Paper XI. 

Fig. 1. p. 83).

• The recombinant fusion protein of inclusion body fraction was selectively solubilized by 

8 M urea at pH 6.5 in large quantity without appreciable contamination of the host cell 

proteins (Paper XI. Fig. 2, lane 1. p. 84). 10-15 mg of recombinant fusion protein was 

obtained from 100 ml cell culture.

• Renaturation of the fusion protein by rapid dilution of the denaturant was advantageous 

at 2-3 mg/ml concentration.

• Separation of the viral protein with Xa protease from the fusion partner was performed 

in vitro at 2-3 mg/ml protein concentration and completed in 3 hours (Paper XI. Fig. 2, 

lane 5. p. 84).

• Following protease cleavage, the fusion partners were separated on Superdex 75 FPLC 

column in high quality and quantity (Paper XI. Fig. 5. p. 86).

• Monoclonal antibodies were raised against our recombinant X protein and tested on 

recombinant antigen by Western blot (Paper. XI. Fig. 3. p.84.). The 5C11/H12 an 

3F6/G10 monoclonal antibodies proved to be high quality on the in vivo expressed viral 

X protein of diseased hepatocytes examined on paraffin embedded tissue sections (Fig.

2).
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In summary, following an inclusion body strategy and a beneficial refolding, a 

predominantly hydrophobic and highly disulfide-bonded protein was produced in 

preparative scale. Preliminary data (Németh et al., unpublished results) suggest 

that the recombinant X antigen and the two monoclonal antibodies generated 

against it are suitable for a diagnostic system.

A

В

Fig. 2. Immunostaining of fixed and paraffin embedded tissue section diagnosed as chronic 

persistent hepatitis with monoclonal antibodies. A: Immunostaining with 5C11/H12 

monoclonal antibody; cytoplasmic granular stain of hepatocytes. B: Immunostaining 

with 3F6/G10 monoclonal antibody; predominantly nuclear staining of hepatocytes. 

Staining was detected by addition of chromogen aminoethylcarbon (AEC) and H2O2 

as substrate, and the sections were then counterstained by hematoxylin.
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Papers УП. XL XIV.
As in many cases inclusion bodies contain the recombinant protein in a highly en

riched form it is likely that the inclusion body route for production of recombinant pro
teins will remain commercially important. However, following inclusion body strategy, 
the main obstacle is to regain the native, active protein structure in considerable quantity. 
Despite numerous experimental data in this field, the challenge is to elucidate the protein 

refolding pathway for the protein of interest and optimal procedure has to be determined 

on a case-by-case base.

• In paper number XIV we described a simple folding method of a viral protein which 

is rather hydrophobic and highly disulfide bonded.
• A simple renaturation of recombinant fusion protein, HBx with rapid dilution of the 

protein solution into simple folding condition (2.66 M urea, pH: 6.5, 4°C, air oxida
tion) is demonstrated (Paper XIV. Fig. 1, lane 1. p. 3).

• Localization of the disulfide bonds between cysteine residues in the refolded HBx 

protein was established by electrospray mass spectrometry (Paper XIV. Figs 2 and 3. 
pp. 4 and 5).

• Disulfide linkages were localized between Cys3 and Cys137, Cys61 and Cys69, Cys17 and 

Cys143 (Paper XIV. Fig. 4. p. 6). This finding differs from the only published values, 
however, our protein was truncated at both ends and lost one Cys residue. The differ
ent other recombinant fusion variants are under our ongoing investigations.

In summary, we optimized production of immunologically active recombi
nant fusion HBx protein with native conformation. Careful optimization of sol
vent, pH (6.5), protein concentration (2-3 mg/ml), temperature (4°C), without 

any folding additives allowed a yield of correctly folded recombinant GST-HBx 

as high as 95% that may be useful for large scale production of HBx. As the X 

protein is complex (hydrophobic, contains 4 disulfide bonds), to gain insight into 

the structural properties of the protein: how disulphide bonds form upon
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recreation of native conformation, positions of disulfide bonded cysteines were 

examined by mass spectrometry. The other recombinant fusion variants may 

serve as models in our refolding studies.

Papers VI, IX, X, ХП. and ХШ.
The aim of the work was to develop test systems for detection of autoantibodies in 

patients’ sera suffering from blistering skin diseases e. g.; bullous pemphigoid (BP), 
pemphigus foliaceus (PF) and pemphigus vulgaris (PV). About 90 % of these patients 

have circulating autoantibodies to hemidesmosomal basement membrane zone and 

desmosomal proteins, respectively. Immunofluorescence studies and Western blot 
techniques with authentic antigens extracted from cultured human keratinocytes are 

recently used for the differential diagnosis of autoimmune blistering diseases.
• Our aim was to substitute the sophisticated Western blot system recently used in higher 

quality of clinical labs for the differential diagnosis of a large group of autoimmune 

blistering skin diseases for ELISA and rapid diagnostic test.

• From the potential epitopes predicted by computer, two antigenic epitopes of bullous 

pemphigoid 1 (BPAG1), 1 of bullous pemphigoid 2 (BPAG2), one epitope of desmo- 
glein 1 (DSG1) and three epitopes of desmoglein 3 (DSG3) were choosen, and chemi
cally synthesised and tested in ELISA system by patients’ sera. Only sequences of pep
tides shown strong antigenicity were further used to synthesise their corresponding 

DNA sequences. Results of comparison between indirect immunofluorescence (IIF), 
immunoblotting (Ш) and ELISA investigations of patients’ sera suffered from bullous 

pemphigoid are summarized in Table I. and II, П1. (Paper VI. pp. 341 and 342).
• DNA sequences coding of the above epitopes were chemically synthesised and intro

duced as monomer, homologous and/or heterologous dimer and multimer blocks into 

GST fusion-expression plasmids. Schematic diagrams of the fusion constructions are 

seen in Fig. 1 of paper XIII. p. 4.
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• Following transformation, induction (Paper XIII. Fig. 2. p. 3), fusion proteins purified 

by affinity chromatography on glutathione-Sepharose gel (Paper XIII. Fig. 3. p. 5) 
showed positive immunological reactions with the authentic BP patients’ sera (Paper 

XIII. Fig. 4. p. 5).
• In ELISA system comparing to other methods, the recognition capacity of the recom

binant fusion products was far the best with patients’ sera (Paper XIII. Fig. 5. p. 6) 
and sensitivity of the immune reactions i.e. the measured 0. D. values always exceeded 

those which were obtained in the case of chemically synthesised peptides. Increased 

sensitivity of the immunological reactions was especially true for homologous or het
erologous dimer and multimer products.

• 90% of the patients showed positive immune reaction with a mixture of recombinant 
fusion antigenic epitopes which result/data are equivalent with the best of that pub
lished so far. Development of diagnostic kit for commercial purpose is in progress 

(Diagnosticum Ltd.).
In summary, the high sensitivity and fidelity of the diagnostic system that we 

developed can be explained by the “avidity effect” of the fusion products due to 

dimerisation of GST. However, to the efficiency of the test system, a benefitial 
conformation also contributes which is the consequence of the GST moiety. Re
sults of structural analyses based of the deconvolution of the circular dicroism 

(CD) and Fouier-transform infrared (FTIR) spectra, the free monomer, dimer 

and trimer epitopic peptides are present as a mixture of unordered and beta- 

sheet (extended) conformation. In GST-fusion form the epitopic peptides show 

an increasing contribution of alfa-helix conformation irrespective of the peptides 

which were coupled in monomer or multimer form (I. Laczkó et. al., unpublished 

results).
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Abstract

The carboxy-terminal domain of polymerase gene of Rous sarcoma virus was 
cloned into an expression vector under the control of lac regulatory elements, 
resulting in the plasmid pMF1413. Upon isopropyl-ß-D-thiogalactopyranoside in
duction, viral integration (IN) protein was expressed in large quantity in Esche
richia coli. The expressed recombinant protein was prepurified by successive 
washing of the bacterial pellet with 0.1 M NaCl and detergents. Further purifica
tion was performed in high yield by standard chromatography methods. The puri
fied enzyme revealed selective DNA cleaving activity on supercoiled plasmid 
with the LTR-LTR junction fragment. The reaction was metal ion dependent, 
with a preference for Mn2+ over Mg2 + , and showed substrate specificity at 1 mM 
MnCl2.

Introduction

The integration of retroviral DNA into the host-cell genome is mediated by the 
integrase (IN) domain of retroviral reverse transcriptase (1). In Rous sarcoma 
virus the pol gene product is initially expressed as a polyprotein Prl80 gag-pol 
precursor (2). The precursor is processed to yield several mature proteins. The
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translation product of the pol gene is the ß-subunit (Mr = 92,000). This subunit 
is further processed, generating the a-subunit (Mr = 60,000) and the phosphopro- 
tein pp32 (Mr = 32,000). The pp32 derived from the COOH-terminal end of the 
polypeptide (3,4) is an IN domain and possesses DNA endonuclease activity. 
Recently the IN domain of avian sarcoma leukosis and human immunodeficiency 
viruses have been cloned and expressed in E. coli (5,6).

Here we report high-level expression of recombinant Rous sarcoma virus IN 
protein in E. coli. A simple purification procedure of this protein and its specific 
DNA cleaving activity are described.

Materials and Methods

Plasmid pMF14 (7) containing the entire pol gene of RSV was used for cloning 
the RSV IN protein. The DNA sequence specifying IN protein (RgHI-FcoRI 
fragment of pMF14) was cloned into the RamHI-FcoRI sites of pUC19 plasmid, 
resulting in4he plasmid pMF1413. The cloning procedures were performed ac
cording to Maniatis (8). As a result of the cloning strategy, the N-terminal se
quence of the recombinant IN protein is flanked by 34 additional amino acid 
residues. The COOH end of the recombinant protein is determined by the original 
stop codon at the end of the pol gene. The first nucleotide of the pol-endonuclease 
gene is considered to be at nucleotide 4296 (9).

To test the synthesis of IN protein, E. coli minicells were transformed with 
pMF1413 and proteins coded by the plasmid were identified. The expressed pro
tein corresponded to the expected size (37 kD, Fig. 1A). For overexpression and 
purification of recombinant IN protein, the HB101 strain of E. coli was used. 
Bacteria that contained IN expression plasmid pMF1413 were grown overnight 
in the presence of ampicillin (100 |xg/ml) and glucose (0.5% v/v). 1/100 volume 
of the overnight culture was inoculated in a fresh LB containing ampicillin. IPTG 
to a final concentration of 1 mM was immediately added to the medium, and 
incubation was performed for 5 hr at 37°C. Bacteria were harvested by centrifuga
tion and the pellet was suspended in 10 mM Tris, pH 8, 25% sucrose, and 1 mM 
phenylmethylsulfonyl fluoride (PMSF) and lysozyme (2 mg/ml), and was incu
bated for 10 min at 0°C. After centrifugation in an Eppendorf centrifuge for 10 
min at 4°C, the pellet was washed with buffer containing 0.1% detergent mixture 
(0.02% NP40, 0.08% Triton X 100) and 0.1 M NaCl. Most of the RSV IN protein 
(more than 80%) produced in E. coli remained in the pellet. The enzyme could 
be released from the pellet by extraction with buffered 1 M NaCl, as judged by 
NaDodS04-PAGE (not shown).

Further purification steps involved gel filtration and cation exchange chroma
tography. The pellet containing insoluble recombinant proteins was suspended in 
solubilization buffer (1 M NaCl, 10 mM Tris, pH 8.0, 1 mM dithiothreitol [DTT], 
0.5 mM EDTA, 0.25% detergent mixture, 1 mM PMSF). The debris was removed 
by centrifugation and the resulting supernatant containing the partially purified
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Fig. 1. NaDodS04-PAGE (10%) electropherogram of proteins synthesized in E. coli. A: Extracts of 
minicells of the strain K-12 DS 988 containing [pMF1413], lane 2, and [pUC19], lane 1 (control). B: 
Strain HB101, overproducing IN protein. Lanes: 1, extract of E. coli HB101 [pMF1413] after 5 hr of 
induction; 2, purified IN protein after chromatography; 3, molecular size standards in kilodaltons 
from Pharmacia: phosphorylase b (97.0), albumin (67.0), ovalbumin (43.0), carbonic anhydrase (30.0), 
and trypsin inhibitor (20.1). Minicells were grown and purified as described earlier (10). Pulse labeling 
of proteins in minicells, PAGE, and fluorography were performed according to our earlier paper (7). 
The proteins were stained with Coomassie Brilliant Blue.

)
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IN protein was then applied on AcA34 (LKB) gel equilibrated with solubilization 
buffer to separate the IN protein from DNAs and bacterial proteins of high molec
ular mass. The fractions containing IN proteins were pooled and dialyzed at 
4°C against phosphocellulose equilibrating buffer (20 mM NaCl, 10 mM sodium 
phosphate, pH 7.4, 1 mM DTT, 0.5 mM EDTA, 0.1 mM PMSF, 0.2% NP40, 10% 
glycerol) and applied onto a phosphocellulose column. Elution of proteins was 
performed by a linear gradient of 0.02-1.2 M NaCl in equilibrating buffer. Pro
teins in the range of 0.5-0.56 M NaCl gradient were dialyzed against 50 mM 
sodium phosphate, pH 8.0, containing 25 mM NaCl, 1 mM DTT, 1 mM EDTA, 
and 50% glycerol and were stored at -20°C. The purified IN protein was free of 
contamination (Fig. IB).

Endonucleolytic activity of the purified protein was tested on supercoiled DNA 
substrates. Plasmid p2LTR containing the proviral LTR-LTR sequences was con
structed from pSRA-2 retroviral DNA (11). The BamUl-Pstl LTR-LTR junction 
fragment, between nucleotides 531 and 8462 (9), was cloned into the pUC19 
vector. Supercoiled DNA was prepared by purification through a CsCl density 
gradient and 'Subsequent extraction with acidified phenol (8). Endonucleolytic 
cleavage of the p2LTR and pUC19 substrates were monitored by the conversion 
of supercoiled plasmid DNA to the nicked form. Typical reaction mixtures were 
prepared and incubated as indicated in Fig. 2. For mapping of the site of cleavage, 
the substrates (p2LTR, pUC19) were digested with IN in the presence of 1 mM 
MnCl2- The digested substrates were then incubated with restriction endonucle
ase Hindlll, which cleaves the substrates at a single location (700 nucleotides far 
from the nicking sites in the case of the p2LTR plasmid). The 3' ends were filled 
by the addition of a-[32P]dATP, DNA polymerase I (Klenow fragment), and the 
other three deoxynucleotides. Analyses of the digested products were performed 
on denaturing agarose gel and were autoradiographed (8).

Results and Discussion

The bacterially produced pol-endonucleases were much more active in the pres
ence of Mn2+ (5,6), as was previously noted for viral endonuclease (12). There 
was more conversion of the supercoiled DNA to the nicked form in the presence 
of Mn2+ (Fig. 2A). Nicking activity of the enzyme was observed preferentially in 
the presence of Mn2+ on pUC19 substrate as well. This property of the RSV 
protein is consistent with that of HIV-1 IN observed on heterologous pBR322 
plasmid DNA (6). However, in our experiments the DNA cleaving activity was 
only restricted to the p2LTR substrate at 1 mM MnCl2. Substrate specific nicking 
activity was supported by the presence of the band below the linear form (Fig. 
2B, indicated by arrowhead) and by the lack of nicking activity on pUC19 DNA 
(Fig. 2B, lane 4). Due to the nicking activities at many locations on the LTR (5), 
we did not observe the calculated small fragment (700 nucleotides in size).

In summary, the RSV recombinant IN protein was cloned and expressed in E.
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Fig. 2. A: Nicking of supercoiled plasmids p2LTR and pUC19 by recombinant RSV IN. Each reaction 
mixture contained enzyme in 20-40 M excess respective to the DNA substrates. The reaction mixture 
(10 (xl) contained 0.3 p.g p2LTR and 0.15 p.g pUC19 DNAs, 10 mM Tris, pH 8.0, 5 mM DTT, and 0.1 
mM EDTA. Incubation was performed at 37°C for 20 mm in the presence of either 6 mM Mn:~ (lanes 
2 and 6) or 6 mM Mg2+ (lanes 3 and 7). Lanes 1 and 5 represent reaction experiments that were 
incubated at 37°C for 20 min but did not contain enzyme or divalent cation, respectively. Lane 4 
shows the linearized form of p2LTR DNA after HmdIII digestion. I, position of covalently closed 
supercoiled DNA; II, position of nicked circular DNA; III, position of linear p2LTR DNA. Electro
phoresis was performed on 0.8% agarose gel and was stained with ethidium bromide. B: Restriction 
endonuclease analysis of IN-digested products by autoradiography. The 0.3-|xg DNAs were treated 
in the presence of 1 mM MnCL as described above and were incubated with restriction endonuclease 
Hindlll. The Hindlll ends were filled by the addition of 0.37 MBq of a-[3:P]dATP (37 TBq/mmol), 1 
U Klenow enzyme, and the other deoxynucleotides (8). Lane 1, p2LTR digested with #mdIII enzyme; 
lane 2, p2LTR digested with IN and Hindlll enzyme; lane 3, pUC19 digested with #;'«dIII enzyme; 
lane 4, pUC19 digested with IN and #mdIII enzyme; lane 5, XDNA digested with Hindlll enzyme 
and labeled as above. Electrophoresis was performed on 0.8% agarose-NaOH gel.
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coli. High level of purification was achieved after washing the.bacterial pellets to 
release the IN proteins of that of E. coli. A large amount of the IN protein was 
released with buffered 1 M NaCl. The purified recombinant RSV protein retained 
DNA cleaving activities. A preference for Mn2+ over Mg2+ and substrate-specific 
nicking activity at 1 mM MnCl2 were observed.
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Summary - The carboxy-terminal domain of polymerase gene of Rous sarcoma virus was cloned 
into an expression vector under the control of lac regulatory elements resulting in the plasmid 
pMF1413. Upon ikopropyl-ß-D-thiogalactopyranoside induction viral integration protein was 
expressed in large quantity in Escherichia coli. The expressed recombinant protein was pre
purified by successive washing of the bacterial pellet at low ionic strength and in the presence 
of detergents. Further purification was performed in high yield by standard chromatography 
methods. The purified enzyme revealed selective DNA cleaving activity on supercoiled plasmid 
with LTR-LTR junction fragment. The reaction was metal ion dependent with a preference for 
Mn1* over Mg2+ and showed substrate specificity at 1 mM MnCl2.

Key words: Cloning, expression, recombinant, integrase protein, Rous sarcoma virus

INTRODUCTION

Integration of retroviral DNA into the host-cell genome is a normal step in replication of 
retroviruses. Characteristic features of the replication are the joining of the ends of the viral long 
terminal repeats to host DNA sequences, a loss of 2 base pairs from the ends of the LTRs, and a short 
duplication of host DNA sequences which flank the integrated provirus (Skalka and Swanstrom, 
1984). In Rous sarcoma virus thepol gene product is initially expressed as a polyprotein Prl 80 gag- 
pol precursor (Opperman et al., 1977). The precursor is processed to yield several mature proteins. 
The translation product of pol gene is the ß-subunit (Mr = 92 kDa). This subunit is further processed, 
generating the a-subunit (Mr = 60 kDa) and the phosphoprotein pp32 (Mr = 32 kDa). The pp32 
derived from the COOH-terminal end of the polypeptide (Copeland et al., 1980; Rettenmier et al., 
1979) possesses DNA endonuclease activity. The integrase (IN) domain of avian sarcoma leukosis 
and human immunodeficiency viruses were cloned. The recombinant proteins have been expressed 
in E. coli and investigated in details (Terry et al., 1988; Shermann and Fyfe, 1990).

Here we report high level expression of recombinant Rous sarcoma virus integrase protein in E. coli. 
A simple purification procedure of this protein and its specific DNA cleaving activity are described.

Abbreviations: DTT, dithiothreitol; EDTA, ethylene diamine tetraacetic acid Na2-salt; IN, integrase; 
IPTG, isopropyl-D-thiogalactopyranoside; LB, Luriabroth; LTR, long terminal repeat; NP40, phenyl- 
ethyl-polyethylene glycol; PAG, polyacrylamide gel; PMSF, phenylmethylsulfonyl fluoride; RSV, 
Rous sarcoma virus; SDS, sodium dodecyl sulfate; Tris, tris-(hydroxymethyl) aminomethane

* Corresponding author
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MATERIALS AND METHODS

Bacteria Strains and Media
E. coli K-12 strains: НЫ01 lew, pro', lac , gal', str', thi', recA' rK, m and (as a source of minicells) DS 
988 thr, lew, thi', A.1,080, Str' (r, m ) were used. Restriction endonucleases, T4 DNA ligase were from 
Boehringer (Mannheim), [35S] methionine from Amersham (England) and a-[32P]dATP from Isinta (Hungary). 
Chemicals were analytical grade, obtained from Merck, Sigma and Reanal (Hungary).

Plasmid Construction
Plasmid pMF14 (Molnár era/., 1988) containing the entire pol gene of RSV has served for cloning the RSV 
IN protein. DNA sequence specifying IN protein (BgIII-£coRI fragment of pMF14) was cloned into the 
ВатШ-EcoRl sites of pUC19 plasmid resulting in the plasmid pMF1413. The cloning procedure is 
summarized on Fig. 1. All DNA manipulations and characterization of plasmid construction by restriction 
endonuclease digestions were performed according to the manual of Maniatis et al. (1989).

Expression of recombinant IN Protein in E. coli Minicells j
Minicells were grown and purified äs described (Kopylova-Sviridova et al., 1979). Briefly: Cultures of E. • 
coli K-12 DS988 [pMF1314] were grown in 50 ml of LB medium containing 0.5% glucose and 100 ug/ml 
ampicillin for 12 hrs. at 37"C. Minicells purified by subsequent sucrose gradient centrifugations were 
suspended in 0.5 ml of M9 (A620 = 0.2) and treated as indicated in Fig. 2. Pulse labelled proteins of minicells 
were analysed by PAG electrophoresis and fluorography (Molnár et al., 1988).

Preparation of QNA Substrate
Plasmid p2LTR containing the proviral LTR--LTR sequences was constructed from pSRA-2 retroviral 
DNA (DeLorbe etal., 1980). The BamHl-Pstl LTR-LTR junction fragment, between of nucleotides 531 and 
8462 (Schwartz et al., 1983), was cloned into the pUC19 vector. Supercoiled DNA was prepared by 
purification through cesium chloride density gradient and subsequent extraction with acidified phenol 
(Maniatis etal., 1989).

Preparation and Isolation of the recombinant IN Protein
Bacteria that contained IN expression plasmid pMF1413 were grown overnight in the presence of ampicillin 
(100 pg/ml) and glucose (0.5% v/v). 1/100 volume of the overnight culture was inoculated in a fresh LB 
containing ampicillin. IPTG to a final concentration of 1 mM was immediately added to the medium and 
incubation was performed for 5 hrs. at 37°C. Five hrs. post-inductions, bacteria were harvested by 
centrifugation. The pellet was suspended in 10 mM Tris, pH 8,25% sucrose, 1 mM PMSF and lysozyme (2 
mg/ml) and incubated for 10 min. at 0°C. After centrifugation in an Eppendorf centrifuge for 10 min. at 4°C, 
the pellet was washed with buffer containing 0.1% of detergent mixture (0.02% NP40, 0.08% Triton X 100) 
and 0.1 M NaCl. The pellet containing insoluble recombinant proteins was suspended in solubilization 
buffer (1 M NaCl, 10 mM Tris, pH 8.0, 1 mM DTT, 0.5 mM EDTA, 0.25% detergent mixture, 1 mM PMSF). 
The debris was removed by centrifugation and the resulting supernatant containing the partially purified IN 
protein was then applied on AcA34 (LKB) gel equilibrated with solubilization buffer to separate the IN 
protein from DNAs and bacterial proteins with high molecular mass. The fractions containing IN proteins 
were pooled and dialysed at4°C against phosphocellulose equilibrating buffer (20 mM NaCl, 10 mM sodium 
phosphate, pH 7.4,1 mM DTT, 0.5 mM EDTA, 0.1 mM PMSF, 0.2% NP40, 10% glycerol) and applied on 
phosphocellulose column. Elution of proteins was performed by linear gradient of 0.02 - 1.2 M NaCl in 
equilibrating buffer. Proteins in the range of 0.5 - 0.56 M NaCl gradient were dialysed against 50 mM sodium 
phosphate, pH 8.0, containing 25 mM NaCl, 1 mM DTT, 1 mM EDTA, 50% glycerol and stored at -20°C.

Endonuclease Assays
Endonucleolytic cleavage of the p2LTR and pUC19 substrates were monitored by observing the conversion 
of supercoiled plasmid DNA to the nicked one. Typical reaction mixtures were prepared and incubated as 
indicated in Figs. 4 and 5, respectively. For mapping of the site of cleavage, the substrates (p2LTR, pUC19) 
were digested with IN in the presence of 1 mM MnCl2. The digested substrates were then incubated with 
restriction endonuclease HindlU that cleaves the substrates at a single location (=vv>xleotides far from the 
nicking sites in case of the p2LTR plasmid). The 3'ends were filled by the additon of a-f32P]dATP, DNA 
polymerase I (Klenow fragment) and the other three deoxynucleotides. Analyses of the digested products 
were performed on denaturing agarose gel and autoradiographed (Maniatis etal., 1989).

RESULTS AND DISCUSSION

Cloning of Rous Sarcoma Virus IN Gene in pUC19 Plasmid
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The entire pol gene of Rous sarcoma virus was cloned earlier (Molnár et al., 1988). A subclone c 
the pMF14 was prepared that encodes the IN protein of RSV (for details, see Materials an 
Methods). As a result of the cloning strategy, the N-terminal sequence of the recombinant IN protei 
is flanked by 34 additional amino acid residues. The COOH-end of the recombinant protein i 
determined by the original stop codon at the end of the pol gene. The first nucleotide of the pol 
endonuclease gene is considered to be at nucleotide of 4296 (Schwarz et al., 1983).

Characterization of the IN Protein coded by the pMF1413
To test the synthesis of IN protein, E. coli minicells were transformed with pMF1413 and protein 
coded by the plasmid were identified. The expressed protein corresponded to the expected siz 
(=37kDa) (Fig. 2). In order to analyse the endonuclease activity on supercoiled plasmids, th 
recombinant protein was purified by sequential washing of the bacterial pellet. The majority of th 
RSV IN protein produced in E. coli remained in the pellet after washing with 0.1 M NaCl an 
detergents. A large amount of the protein was released from the pellet by extraction with buffere 
1M NaCl as judged by SDS-PACLelectrophoresis (not shown). More than 80% of the IN protein wa 
represented in the extract. Further purification steps involved gel filtration and cation exchang 
chromatography, respectively. The purified IN protein was free of contaminations (Fig. 3).

1 2 3
1 2

97
97»

67
67*

43-
* ****** - -

30

-*•*** 20.1
Fig. 2 Fig. 3

Fig. 2 SDS-PAG electropherogram of proteins produced in E. coli mincells DS 988 [pMF 1413 ] (lane 
2) and DS 988 [pUC19] (lane 1). Minicells were preincubated in M9 medium (8) supplemented with 
0.4% glycerol and 0.2 mM of each aminoacid (except methionine) for 20 min. at 31°C. Then 0.55 MBq 
[35S]methionine (14 TBq/mmol) was added to each sample and samples were induced by 1 mM IPTG 
for 70 min. Electrophoresis was performed on 10% PAG and dried gel was fluorographed. Molecular 
weight markers are indicated in kilodaltons.

Fig. 3 SDS-PAG electrophoresis of bacterial expression products. Lane 1: 5 hrs. induction of E. coli 
HB101 [pMF1413]; lane 2: the purified IN protein after chromatographies; lane 3; molecular size 
standards in kilodaltons. Electrophoresis was performed on 10% PAG and stained with Coomassie 
Brillant Blue.

Endonucleolytic activity of the purified protein was tested on supercoiled DNA substrates. Th 
bacterially produced p>o/-endonucleases were much more active in the presence of Mn2> (Terry <
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al, 1988; Sherman and Fyfe, 1990) as had been previously noted for viral endonuclease (Roosen 
etal-, 1971). There was more conversion of the supercoiled DNA to nicked form in the presence of 
Mn2t (Fig. 4).

19

5 4 3 2 123.13
9.41
6.55 ф 
4.36 m

t ^2.32^p2LTR -
1 2

- PUC19 -
3 4 5 6 7

2.02

. W
' -Л4 -■

0.56 Ш.
II
in
I

Fig. 5Fig. 4

Fig. 4 Nicking of supercoiled plasmids p2LTR and pUC19 by recombinant RSV IN. Each reaction 
experiment contained enzyme in 20 to 40 molar excess respective to the DNA substrates. Reaction 
mixture (10 pi) contained 0.3 pg p2LTR and 0.15 pg pUC19 DNAs, 10 mM Tris, pH 8.0, 5 mM DTT, 
0.1 mM EDTA. Incubation was performed at 37°C for 20 min. in the presence of either 6 mM Mn2+ 
(lanes 2 and 6) or 6 mM Mg2+ (lanes 3 and 7). Lanes 1 and 5 represent reaction experiments that were 
incubated at 37°C for 20 min. but did not contain enzyme or divalent cation, respectively. Lane 4 
shows the linearized form of p2LTR DNA after Hindlll digestion. I, position of covalently closed 
supercoiled DNA; II, position of nicked circular DNA; III, position of linear p2LTR DNA. 
Electrophoresis was performed on 0.8% agarose gel and stained with ethidium bromide.

Fig. 5 Restriction endonuclease analysis of IN digested products by autoradiography. 0.3 pg DNAs 
were treated in the presence of 1 mM MnCl2 as described to the Fig.4 and incubated with restriction 
endonuclease HindiII. The Hindlll ends were filled by addition of 0.37 MBq of a-[32P]dATP (37 TBq/ 
mmol), 1U Klenow enzyme and the other deoxynucleotides (8). Lane 1: p2LTR digested with HindiII 
enzyme; Lane 2: p2LTR digested with IN and Hindlll enzyme; Lane 3: pUC19, digested with Hindlll 
enzyme; Lane 4: pUC19 digested with IN and HindiII enzyme; Lane 5: XDNA digested with Hindlll 
enzyme and labelled as above. Electrophoresis was performed on 0.8% agarose - NaOH gel.

Nicking activity of the enzyme was observed preferentially in the presence of Mn2* on pUC19 
substrate, too. This property of the RSV protein consistent with that of HIV-1 IN observed on 
heterologous pBR322 plasmid DNA (Sherman and Fyfe, 1990). However, in our experiments the 
DNA cleaving activity has only restricted to the p2LTR substrate at 1 mM MnClr For mapping of 
the site of nicking, the substrates were treated as described in Materials and Methods. The results 
showed a broad smear of products smaller than the linearized single stranded p2LTR (Fig. 5, lane 
2). However, substrate specific nicking activity was supported by an other band below the linear 
form (Fig. 5, indicated by arrow-head) and the lack of nicking activity on pUC19 DNA (Fig. 5, lane 
4). We failed to resolve the calculated small fragment (=700 nucleotides in size). This may be due 
to nicking activities at many locations (Terry et al., 1988) and/or to the limit of the chromatography 
procedures we have followed (Sherman and Fyfe, 1990).
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In summary, the RSV recombinant IN protein was cloned and expressed in E. coli. High level c 
purification has already been achieved after washing of the bacterial pellets to free the IN protein 
of that of E. coli. A large amount of the IN protein was released with buffered 1 M NaCl. Th 
recombinant RSV protein retained DNA cleaving activities. The preference for Mn2* over Mg2* an 
substrate specific nicking activity at 1 mM MnCl2 were observed.
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Summary’

Recombinant HIV-1 p24/p25 gag proteins were obtained from Escherichia coli 
using a cleavable fusion strategy. The fusion protein contains 280 amino acid 
residues of staphylococcal Protein A and 317 amino acid residues of p24/p25 
flanking with the recognition/cleavage sequences for HIV protease. Fusion pro
tein expressed under the control of lambda phage promoter PR was purified by 
IgG-Sepharose affinity chromatography. The p24/p25 part of the fusion protein 
was released by recombinant HIV protease in vitro. After a second IgG-Sepharose 
affinity chromatography, the purified p24/p25 proteins were obtained in milligram 
quantities. The HIV-1 p24/p25 protein displayed antigenicity similar to those of 
native counterparts confirmed by Western blot assays and the Abbott antigen test.

Escherichia coif, Protein A; HIV-1 p24/25; Fusion protein; HIV-protease; In vitro; 
Processing

Introduction

Recombinant DNA technology can be used to produce individual proteins of 
infectious organisms and these have the potential to be used as recombinant

Correspondence to: János Molnár, Inst. Microbiology, Albert Szent-Györgyi Medical University, P.O. 
Box 8, H-6720 Szeged, Hungary.
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antigens for diagnostic purposes. A number of recombinant approaches have been 
tried to improve the production of HIV gag antigens. Some of them have followed 
direct expression of the HIV gag p24 protein governed under tryptophane or T7 
promoters (Dowbenko et al., 1985; Ehrich et al., 1990). Improved yields of gag 
proteins have been achieved by fusion technique where the gene products were 
either composed of viral structural proteins, gag / enu (Shoeman et al., 1987), or 
linked with E. coli ß-galactosidase and the pi carrier protein encoded by a 
retrotransposon of yeast (Spence et al., 1989; Gilmour et al., 1989).

Our attempt, as an alternative, for the production of HIV gag p24 protein for 
diagnostic tests was to use staphylococcal protein A for fusion encoded by the 
pRIT2T plasmid (Pharmacia). This approach has allowed stabilization of fusion 
protein in E. coli cells, a rapid purification procedure by IgG affinity chromatogra
phy and based on the cloning strategy a convenient separation of the p24 protein 
from the fusion part with HIV-1 protease in vitro.

Here we describe a novel route of the production and purification of HIV gag 
p24 protein in milligram quantities and the analysis of its antigenicity.

Materials and Methods

Chemicals and biological materials
Restriction enzymes and T4 DNA ligase were purchased from Boehringer 

Mánnheim (Germany) and New England Biolabs (USA), respectively. IgG-Sep- 
harose was obtained from Pharmacia (Sweden). MES, 2-(A-morpholino) ethane- 
sulfonic acid, urea, PMSF (phenylmethylsulfonyl fluoride) were from SIGMA 
(USA). Other chemicals of analytical grade were from Reanal (Hungary).

Reference HIV-1 p24/25 gag derived from the gag gene of the HIV-1SF2 virus 
isolate (Barr et al., 1987). The reagent was obtained through the AIDS, NIAID, 
NIH from Dr. Katelyn Steimer of Chiron Corporation.

Gag p24 Monoclonal antibody was obtained from MicroGene Sys Inc, USA.

Bacterial strain and plasmid
For the expression of the fusion protein pRIT2T plasmid vector and E. coli 

N4830-1 host (Pharmacia) were used (Nilson et al., 1985).

Gene construction
DNA sequence specifying p24 gag protein of HIV-1 genome (Ratner et al., 

1985) resides between the Puull and BglII sites at nucleotide positions 691 and 
1640 and was cloned into the Smal-BamHl sites of pRIT2T plasmid resulting in 
the pRIT2T/p24. All DNA manipulations and characterization of plasmid con
struction by restriction endonuclease digestions were by standard techniques 
according to the manual of Sambrook et al. (1989).

Expression and purification of the fusion protein
N4830 cells harbouring the pRIT2T/p24 plasmid were grown in L-broth con

taining ampicillin (50 pg ml-1) at 30°C to an OD 600 of 0.8-1.0, heat induced at
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42°C for 90 min, centrifuged at 3500 rpm for 15 min, and frozen at — 70°C. For 
protein isolation we have followed the protocol described by others (Marcus-Sekura 
et al., 1990) and proteins of soluble and insoluble fractions of the cell lysate were 
collected. For further purification the soluble fraction was applied to IgG-Sep- 
harose column and the fusion proteins were purified from the host proteins 
according to the instructional manual. Quantitative distribution of recombinant 
fusion proteins in soluble and insoluble fractions of cell lysate were determined by 
LKB Ultroscan XL Enhanced Laser Densitometer after PAG-electrophoresis. 
Protein concentration was determined by the Bio-Rad protein assay.

Purification of recombinant HIV-1 protease
Plasmid pPRO-LAC 6.5 containing the /acZ-protease fusion gene {lacZ-pro) 

under the control of the lac promoter (Boros et al., 1986) was used to produce HIV 
protease. Inclusion bodies containing the majority of the fusion proteins (Giam 
and Boros, 1988) were extracted with 8 M urea, 50 mM Tris, pH 8.0, 1 mM DTT 
and 1 mM PMFS. Tie extract was loaded onto a Superose 12 FPLC column and 
developed with the same buffer. The fractions containing HIV protease were 
pooled and the enzyme was refolded to an active form with dialysis of the protease 
fraction against the buffer containing 1.5 M urea, 20 mM MES, pH 5.5, 1 mM 
DTT, 1 mM PMSF and 30% glycerol at 2-3 mg ml-.1 protein concentration for 2
h.

Cleavage of fusion proteins
For in vitro processing the substrate was dialyzed against buffer containing 20 

mM MES, pH 5.5, 1 mM DTT, 0.1 mM PMSF. Protease digestions were carried 
out in 20 mM MES, pH 5.5, 2 mM DTT, 1 mM PMSF at 25°C for 30 min by using 
an enzyme-to-substrate molar ratio of 3.5 to 1. The reaction mixture was com
pleted with 1 volume of 2 times concentration of Laemmli sample buffer (Laemmli, 
1970) and fractionated by SDS/PAGE in 12.5% gels.

Immunoreactivity of the recombinant fusion proteins and the cleaved p24 /25 
proteins

For Western blotting the expressed protein A and fusion proteins were elec- 
trophoretically separated and transferred to nitrocellulose filter. Prior to the 
incubation with HIV positive and negative sera the filters were preincubated with 
rabbit serum to block the protein A moiety (Morinet et al., 1989). For immunologi
cal analysis, the purified p24/25 proteins were prepared as above with the 
exception of preincubation process. Then the filters were reacted with either 
human sera or p24 mouse monoclonal antibodies. Bound antibodies were detected 
with antispecies horseradish peroxidase conjugates and diaminobenzidine (Bio 
Rad).

The antigenicity of the p24 preparations were determined by using antigen 
capture immunoassay of Abbott Diagnostics (Delkenheim, Germany). For acid 
treatment antigen preparations were diluted in pooled normal human serum to a
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concentration of 20 pg ml 1 to 200 ng ml 1 and treated with HC1 as described by 
Nishanian et al.(1990).

Results and Discussion

Cloning and expression of protein A-p24 /p25 fusion proteins
Taking advantage of the observation that the stability of eukaryotic proteins is 

often increased when they are expressed in the form of fusion proteins (Marston, 
1986) we inserted a 949 bp fragment of HIV proviral DNA to the carboxy-terminal 
part of the truncated protein A gene in plasmid pRIT2T. The resulting plasmid, 
pRIT2T/p24, carries an open reading frame which begins with the protein A gene 
flanked by 30 nucleotides of A cro sequence at the 5' terminus, and through 39 
nucleotides of HIV pl7 and the complete p24 coding region it extends to the HIV 
pl5 coding DNA. Consequently, the translation product of this fusion gene 
contains the protein processing sites for p24 at 730, 1421 and 1464 nucleotides 
(Ratner et al., 1985).
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Fig. 1. SDS-PAG electrophoresis (A) and Western blot analysis (B) of proteins expressed in E.coli cells 
harbouring the pRIT2T/p24 plasmids. Panel A: lane 1, total cellular proteins prior to induction; lanes 
2 and 3, proteins of soluble and insoluble fractions of cells after 90 min induction, respectively. Panel В 
shows results of Western blotting and probing with patient serum at 500-fold dilution: lanes 1 and 2, 
proteins of insoluble and soluble fractions of E. coli cell lysate, respectively. Arrowheads indicate the 
position of intact fusion proteins. The positions of appropriate molecular mass standards (in kDa) are 
indicated. Electrophoresis was performed on 12.5% PAG, and gels were either stained with Coomassie 
Brilliant blue or prepared for Western blotting. Blot was treated as described in Materials and

Methods.
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Induction of E. coli cells harbouring the pRIT2T/p24 plasmid resulted in 
sufficient amounts of fusion protein which could be detected by Coomassie brillant 
blue staining (Fig. 1A). Ninety minutes after inductions the yields of these 
products were 5.5% and 3.0% of total bacterial cell protein in the soluble and 
insoluble fractions of the cell lysate, respectively. It indicates that 65% of the 
expressed fusion protein was found in the soluble fraction of the host cell lysate. 
The molecular mass of the fusion protein agreed with that of predicted from the 
DNA sequences and was about of 66 kDa (protein A 31 kDa; HIV coding portion 
35 kDa). Immunological analysis of recombinant fusion protein performed by 
Western blotting confirmed the presence of chimeric proteins (Fig. IB). Besides 
the full-sized fusion protein other polypeptides with lower molecular mass can also 
be detected. These are probably the breakdown products of the fusion protein; 
consequently they are found in less quantity in the insoluble fraction of the host 
cell lysate (Fig. IB, lane 1).

Purification of the recombinant fusion proteins and p24 HIV-1 proteins
To avoid of the procedure of renaturation process we have purified fusion 

proteins on IgG-Sepharose column from the soluble fraction of the cell lysate.

12 3 4
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Fig. 2. In vitro processing of soluble protein A/p24 fusion proteins by HIV-1 protease. Reaction 
conditions were as described in Materials and Methods. Lane 4, purified fusion proteins after 
IgG-Sepharose chromatography. Lane 3, proteins of reaction mixture after HIV-1 protease digestion. 
Lane 2, cleaved p24/25 HIV gag proteins obtained in the flow through after a second affinity 
chromatography. Lane 1, protein A fragment bound to the gel matrix. The positions of the appropriate

molecular mass standards (in kDa) are indicated.
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After IgG-Sepharose chromatography and SDS/PAG electrophoresis of the fu
sion protein the intact protein band and the truncated polypeptides of 56 kDa and 
50 kDa, respectively, can be observed (Fig. 2, lane 4).

As the fusion construction contains the signal sequences for protein processing, 
we have tried to separate the p24 protein from the protein A chain by its authentic 
protease.

The fusion protein were cleaved with protease at 25°C for 30 min into protein A 
(upper band) and viral proteins of 24 kDa and 25 kDa, respectively (Fig. 2, lane 3). 
The absence of non-specific degradation products demonstrated that the HIV 
protease was free of non-specific protease contaminations. On the other hand, the 
substrates revealed intact and the protein processing signals were accessible to the 
enzyme.

Immunological analysis of the purified HIV-1 p24 /25 proteins
The cleaved products were analyzed by immunoblotting using patient serum and 

gag p24 monoclonal áhtibodies. Specific and strong immunoreactions with p24/25 
proteins were detected (Fig. ЗА and B).

Antigenicity of the reference and in vitro processed p24/25 preparation was 
measured with an antigen capture assay of Abbott (Fig. 3C, a). A measurable OD 
value was found even at a concentration of 200 pg ml-1 of p24/,25 antigen. Study 
of the acid sensitivity of the recombinant and reference p24/25 were as described 
by Nishanian et al. (1990) and their antigenicity were determined by the Abbott 
antigen test (Fig. 3C, b). The acid treatment affected similarly the antigenicity of 
both preparations, only a slight decrease in the OD values was observed. This 
finding is in accordance with the previous results of Nishanian et al. (1990) and 
with our previous findings (Újhelyi et al., 1990).
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Fig. 3. Western blot analysis of processed p24/25 proteins. Panel A: lanes 1 and 2, protein markers in 
kDa and total proteins of HIV lysate stained with Panceau S solution, respectively; lanes 3 and 4, 
proteins of HIV lysate and processed p24/25 proteins reacted with patient serum; lanes 5 and 6 
represent the same samples as 3 and 4, but reacted with negative serum. Panel B: lanes 1 and 2 
represent virus lysate and processed p24/25 proteins reacted with monoclonal p24 antibodies; lanes 3 
and 4, the same as lanes 1 and 2, but reacted with negative serum. Panel C: measurement of the 
antigenicity of the recombinant p24/25 preparation by the antigen-capture immunoassay of Abbott 
Diagnostics (a) and the effect of acid treatment (60 min at 37°C) on the antigenicity measured by the 

Abbott antigen assay of experimental and reference p24 preparations (b).



s 
s 

m 
f

I 
t 

in ill
IU I I
i
l
l
l
l

ro о
О

£ 
25 

'S



journal of
biotechnologyJ&i

ELSEVIER Journal of Biotechnology 37 (1994) 79-83

Short Communication

Staphylococcal protein A is a novel heterologous substrate
for the HIV-1 protease
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Abstract

Upon in vitro processing of the recombinant HIV-1/gag p24 protein, expressed in Escherichia coli as a fusion 
protein, by HIV-1 protease, ä cleavage site within the staphylococcal protein A fusion partner was found. N-terminal 
sequencing of the protein A fragments showed that HIV-1 protease cleavage occurred between phenylalanine-235 
and tyrosine-236 within the sequence Gln-Asn-Ala-Phe/Tyr-Glu-Ile-Leu (QNAF/YEIL) in the IgG-binding do
main C of the protein A encoded by the pRIT2T fusion gene vector (Pharmacia). Results presented here have 
proven that the protease-sensitive site is viable in vitro on the protein A alone and other chimeric protein, protein 
A//3-galactosidase. A possible significance of this phenomenon in biotechnology work is discussed.

Keywords: Protein A; HIV-1 protease; Fusion protein; Recombinant; In vitro

Until recently, a high substrate specificity of 
the retroviral proteases for viral proteins has gen
erally been accepted. However, since 1990 it has 
been demonstrated, with some evidences, that 
heterologous proteins can also be cleaved by 
HIV-1 protease (Shoeman et al., 1990, 1991; Os
wald and Helm, 1991; Meier et al., 1991).

We have also experienced the non-viral sub
strate specificity of the HIV-1 protease on in 
vitro processing of protein A/HIV-1 gag p24 
fusion protein, where the size of the protein A 
fusion partner was reduced by about 4 kDa fol
lowing HIV-1 protease digestion compared to the 
full-length counterpart analyzed by SDS-poly- 
acrylamide gels.

The above phenomenon may be noteworthy in 
two respects; (1) Staphylococcal protein A can

1. Introduction

Retroviruses encode proteases which are re
sponsible and required for the orderly cleavage of 
viral precursor polyproteins (Skalka, 1989; Kay 
and Dunn, 1990). Human immunodeficiency virus 
(HIV), a member of the retroviral group and the 

.family of aspartic proteases, shares the above 
function. It exists as a dimer of identical subunits 
and is essential for processing the gag and gag/ 
pol polyprofeins into the structural proteins and 
enzymes of the mature, infectious virus (Hellen et 

' al., 1989).

* Corresponding author.
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also serve as substrate of the HIV-1 protease. (2) 
[f the cleavage by HIV-1 protease occurs close to 
the fusion site, i.e., it is situated at the C-terminal 
part of the protein A the usefulness of the 
pRIT2T vector would be greatly increased in 
biotechnology work. It might become possible to 
release most gene products fused to the protein 
\ by the HIV-1 protease.

We have found that under distinct conditions 
'25°C for 30 min with enzyme/substrate ratio 
1.5:1) the specific cleavage by HIV-1 protease 
;an be restricted to the C-terminal part of the 
protein A in the truncated IgG-binding domain C 
af the pRIT2T vector.

In this paper we demonstrate the substrate 
specificity of the HIV-1 protease-for staphylococ
cal protein A with some examples.

pRIT2T vector contains the truncated staphylo
coccal protein A gene under the transcriptional 
control of the lambda phage PR promoter and 
the protein A terminator signal. The p24 coding 
region between Pvull and Bglll restriction en
donuclease sites (949 bp fragment) with the pro
tein processing signals (Ratner et al., 1985) was 
inserted into the Smal-BamYLl sites of the 
pRIT2T vector. The lac-Z gene residing between 
BamHI and Sal I sites (3100 bp fragment) in 
pLZ4 plasmid (Korobo et al., 1983) was cloned 
into the BamHI and Sail sites of pRIT2T result
ing in the pRIT2T//űcZ recombinant plasmid. 
The resulting chimeric plasmids carry an open 
reading frame which begins with protein A gene 
flanked by 30 nucleotides of lambda phage cro 
sequence at the 5' terminus.

Expression and purification of fusion proteins 
E. coli strain N4830-1 harbouring either the 

pRIT2T or chimeric plasmids (pRIT2T/ gag p24, 
pRIT2T/lacZ) were grown in L-broth and 50 pg 
ml-1 ampicillin at 30°C. Expression of the pro
tein A and fusion proteins from the lambda phage 
PR promoter was induced by temperature shift to 
42°C. After 90 min, the bacteria were pelleted by 
centrifugation, resuspended in 50 mM Tris, pH 
8.0, 25% sucrose, 1 mM PMSF and lysozyme (1 
mg ml-1) and incubated for 30 min at 0°C. MgCl2 
and DNase I were added to final concentrations 
of 5 mM and 60 pg ml-1, respectively, and incu
bated for a further 30 min. Cell debris was re
moved by centrifugation at 15 000 x g for 15 min 
at 4°C. The supernatants containing the protein 
A or chimeric proteins in soluble forms were 
applied to IgG-Sepharose columns and the bound 
proteins were eluted with 0.1 M glycine at pH 3.0. 
Re-purification of the protein digests was carried 
out on a second IgG-Sepharose column in order 
to remove protein A fragments.

1. Materials and methods

Chemicals and biological materials
Restriction enzymes, T4 DNA ligase were ob- 

ained from Boehringer-Mannheim (Germany) 
md New England Biolabs (USA), respectively. 
igG-Sepharose and protein standards for Mr de- 
ermination (LMW calibration kit) were pur- 
:hased from Pharmacia (Sweden). MES, urea and 
5MSF were from SIGMA (USA). Other chemi- 
:als of analytical grade were from Reanal 
Hungary).

pRIT2T plasmid vector and E. coli N4830-1 
lost cell were from Pharmacia (Sweden). Recom- 
linant HIV-1 protease was available through I. 
3oros (Institute of Biochemistry, Biological Re- 
earch Center, Hungarian Academy of Sciences, 
Szeged, Hungary). The enzyme was isolated from 
nclusion bodies (Giam and Boros, 1988) and 
ubsequently purified by chromatography on a 
»uperose 12 FPLC column (Pharmacia). Recom- 
»inant HIV-1 protease was refolded as reported 
earlier (Marczinovits et al., 1993). SDS-polyacrylamide gel electrophoresis

The rate of the process of protein purification 
and the proteolytic products of the protein A, 
protein A/p24 and protein A//3-galactosidase 
following treatment with protease were analyzed 
by SDS/PAGE as indicated in the figures and 
stained with Coomassie brillant blue.

4asmid constructions
The plasmid used for the expression of the 

»rotein A alone, and the protein A/HIV-1 gag 
»24 and protein A/jß-galactosidase fusion pro
ems, was pRIT2T (Nilson et al., 1985). The
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1 2 3 4 5 6 7Cleavage of protein A and fusion proteins 
For in vitro cleavage the substrates were dia- 

yzed against the buffer containing 20 mM MES 
pH 5.5), 1 mM DTT and 1 mM PMSF. Protease 
ligestions were carried out in 20 mM MES (pH 
;.5), 1 mM DTT, 1 mM PMSF at 25 or 37°C for 
Ю or 15 min, respectively, using an enzyme-to- 
ubstrate molar ratio of 2.5:1. The reaction mix- 
ures were completed with 1 vol. of 2 X 
xmcentration of Laemmli buffer (Laemmli, 1970) 
ind fractionated by SDS/PAGE.
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Fig. 1. SDS-PAGE (12.5%) analysis of in vitro incubation 
assays for cleavage of protein A/HIV-1 gag p24 fusion pro
tein and staphylococcal protein A by HIV-1 protease. Reac
tion conditions were described in Materials and methods. 
Lane 2, purified fusion proteins after IgG-Sepharose chro
matography. Lane 3, proteins of reaction mixture after HIV-1 
protease digestion. Lane 4, cleaved p24/25 HIV gag proteins 
obtained in the flow through after a second affinity chro
matography. Lane 5, purified staphylococcal protein A after 
IgG-Sepharose chromatography. Lane 6, cleavage of staphylo
coccal protein A by HIV-1 protease. Lanes 1 and 7, the 
protein standards (Pharmacia-LKB, LMW kit). Molecular 
mass values (in kDa) are indicated.

Vficrosequencing of protein A fragments 
After protease digestion, 40 p\ of the reaction 

products were analyzed by HPLC on an AQUA- 
3ORE 300 reverse phase columa (0.21 X 22 cm) 
ising water/acetonitrile/trifluoroacetic acid 
suffer system monitored at 220 nm. Fractions 
xmtaining the protein A fragments were col- 
ected and loaded into an Applied Biosystems 
ABI 471A Sequencer for N-terminal sequence 
malysis.

Protein A alone also proved a good substrate 
for HIV-1 protease. The larger proteolytic frag
ment of protein A corresponds in molecular mass 
to that observed following in vitro processing of 
protein A/HIV-1 p24 by HIV-1 protease, i.e., 
molecular mass = 27 kDa (Fig. 1, lanes 3 and 6).

According to the cloning procedure, the size of 
the full-length protein A//3-galactosidase fusion 
protein is about 147 kDa, which is equivalent to 
the upper band in Fig. 2, lane 1. Below the intact 
fusion protein, the smaller forms seem to result 
from proteolysis in E. coli cells. Under identical 
reaction conditions to those above, HIV-1 pro
tease cleaved the fusion protein into protein frag
ments of ~ 116 kDa and ~ 27 kDa (Fig. 2, lane 
2). The smaller of the proteolytic fragments coin
cided in size with the shortened protein A. The 
fact that the protein with a molecular mass of 
approx. 27 kDa bound to IgG-Sepharose gel (Fig. 
2. lane 3) indicated that the cleavage site is within 
protein A and close to the C-terminal. If the 
cleavage occurs close to the N-terminal of protein 
A, both the sizes of the proteolytic fragments and 
their behaviour upon IgG-Sepharose chromatog
raphy would differ from those in the former case.

3. Results and discussion

The affinity column-purified protein A/HIV-1 
p24 fusion protein reveals a 66 kDa intact band 
and also (due to host cell proteases) truncated 
minor polypeptides of 56 and 50 kDa, as judged 
by SDS/PAGE (Fig. 1, lane 1). The fusion pro
tein containing the natural protein-processing 
sites is efficiently cleaved by HIV-1 protease at 
25°C during 30 min, into a protein A portion and 
the viral proteins (molecular mass = 24 and 25 
kDa; Fig. 1, lane 3).

The upper band represents the protein A part 
of the fusion protein with lower molecular mass 
relative to that of the protein encoded by the 
pRIT2T plasmid (molecular mass approx. = 31 
kDa; Fig. 1, lane 5). The calculated molecular 
mass of the shortened protein A fragment is 
about 27 kDa. This finding indicates that protein 
A was also cleaved by HIV-1 protease.

In order to test this observation, we attempted 
in vitro cleavage by HIV-1 protease of purified 
protein A and another fusion protein, protein 
A/ß-galactosidase.
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12 3 4 According to the sequence data, the theoreti
cally calculated molecular mass for th large pro
tein A fragment is ~ 28 kDa, which is in good 
agreement with the ~ 27 kDa cleavage product 
observed on gel analysis.

The protein A cleavage site appears to belong 
to class 3 of the classification of Henderson et al. 
(1988). Glutamine (or glutamic acid) at position 
P2' and a preference for hydrophobic residues at 
positions P2, PI and РГ are typical of this class 
(Shoeman et al., 1990; Tomasselli et al., 1990) 
and our sequence data around the peptide bond 
cleaved by HIV-1 protease fit in with this.

The failure of the enzyme to cleave the Phe-Tyr 
bonds within the first three IgG-binding domains 
can be explained by a conformational effect, 
wherein these sequences are hindered by folding, 
and the Phe-Tyr bond that is hydrolysed within 
the last IgG-binding domain is exposed. This is 
supported by the fact that protein A encoded by 
the pRIT2T plasmid is truncated, and conse
quently the regular higher-order structure within 
the last IgG-binding domain with three parallel 
helices (Deisenhofer et al., 1978) can not be 
formed. To address this question, we incubated 
the protein A/HIV-1 p24 substrate at an ele
vated temperature of 37°C. This led to the ap
pearance of a second cleavage site earlier in the 
protein A sequence. This cleavage site was not

—- 94

67

43

30

Fig. 2. SDS-PAGE (10%) analysis of in vitro cleavage of 
protein A/j8-galactosidase fusion proteins by HIV-1 protease. 
Lane 1, affinity purified protein A//3-galactosidase. Lane 2, 
proteins of reaction mixture after HIV-1 protease digestion. 
Lane 3, protein A fragment bound to the gel matrix after a 
second IgG-Sepharose chromatography. Lane 4, protein 
standards in kDa (Pharmacia LMW kit).

In order to establish the exact site of cleavage, 
protein A fragments following HIV-1 protease 
digestion were prepared for sequencing as de
scribed in Materials and methods. The larger 
protein A fragment subjected to N-terminal se
quencing began Met-Glu-Gln-Arg-Ile-Thr-Leu- 
Lys-Glu-Ala, which corresponds to the sequence 
of the lambda cro protein and precedes protein A 
encoded by the pRIT2T plasmid.

Microsequencing of the protein A smaller 
fragment resulted in the N-terminal sequence: 
Tyr-Glu-Ile-Leu-His-Leu-Pro-Asn (YEILHLPN). 
With the help of the sequence data on protein A 
(Nilson et al., 1985), this can be located within 
the sequence Gln-Gln-Asn-Ala-Phe/Tyr-Glu- 
Ile-Leu-His (QQNAF/YEILH). This result 
proved that the protease cleaved protein A be
tween Phe and Tyr.

Protein A contains one FY bond in a very 
similar sequential region in each IgG-binding do
main. The only amino acid difference is at posi
tion P10' in the last IgG-binding domain C, where 
Asn is changed for Thr. To give the precise 
localization of the cleavage site among the IgG- 
binding domains, we sequenced the sample until 
ve found an amino acid difference: YEILHLP- 
SÍLT (the sequence difference is underlined). This 
sequence data proved that the cleavage site is 
■estricted to the last IgG-binding domain C at 
3he235-Tyr236.

12 3 4
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Fig. 3. Temperature dependence of the cleavage site for 
protein A by HIV-1 protease. Lane 1, purified protein А/ 
HIV-1 gag p24 proteins after IgG-Sepharose chromatography. 
Lanes 2 and 3, proteins of reaction mixtures after HIV-1 
protease digestions at 25 and 37°C for 30 and 15 min, respec
tively. HIV-1 protease bands are shown at about 10 kDa. 
Lane 4, LMW protein markers (Pharmacia-LKB) in kDa. 
Electrophoresis was performed on 15% SDS-PAGE.
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determined at the level of the sequence. A pro
tein A fragment of about 20 kDa besides the 
processed gag proteins was produced (Fig. 3, lane 
3). Therefore, for a desirable separation of fusion 
partners, assay conditions which prefer the cleav
age site within the IgG-binding domain C should 
be chosen.

In summary, the ability of HIV-1 protease to 
cleave the staphylococcal protein A may enhance 
the significance of the pRIT2T fusion vector in 
biotechnology work. Not only does it allow fusion 
of any genes to the protein A moiety, but many 
fusion gene products can easily be separated from 
the protein A partner because of a scissile bond 
for HIV-1 protease close to the fusion site in 
protein A. "
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válaszkészséggel társult A1-B8-DR3, és az egyes szerzők 
szerint „high responder” DRw6-hordozók esetében kiemel
ten vizsgáltuk a HLA-típus és a szteroidérzékenység 
esetleges összefüggését.

Az in vitro szteroidérzékenységet ADCC-reakció szte- 
roiddal történő gátlásával mértük. A HLA-típust standard 
NIH mikrolimfocitotoxicitási reakcióval határoztuk meg, 
amit a kérdéses esetekben DNS-RFLP, illetve PCR-vizs- 
gálattal ellenőriztünk.

Eredményeink alapján megállapíthatjuk, hogy a sztero- 
idrezisztencia előfordulása gyakoribb a HLA B8 alléit hor
dozó egyedekben (44%). Ezzel szemben szignifikánsan 
ritkábban társul a DR 6-tal (15%). Más HLA-fenotípussal 
nem mutatott összefüggést a szteroidrezisztencia.

Nem valószínű, hogy a HLA-antigének közvetlenül hat
nának a szteroidérzékenységre, de jelzői lehetnek egy eddig 
nem azonosított, a HLA-rendszerhez kapcsolódó egyéb 
polimorf genetikai rendszernek. Az in vitro szteroidér- 
zékenységi teszt alkalmas eszköz lehet a megfelelő im- 
munszuppresszív terápia kiválasztásához transzplantáltak- 
nál, különösen a ciklosporin-A (CsA) kezelésére gyengén 
reagáló HLA DRw6-pozitív recipiensek esetében.

Citoprotektív és antiszekretoros gyógyszerek dinamikája 
gyomor- és nyombélfekélyes betegek esetében. Dynamism 
of cytoprotective and antisecretory drugs in patients with 
unhealed gastric and duodenal ulcers
Mózsik Gyula, Hunyadi Béla, Garamszegi Mária, Németh 
Annamária, Pakodi Ferenc, Vincze Áron 
Pécsi OTE, I. Sz. Belgyógyászati Klinika 
7643 Pécs, Ifjúság u. 13. 
f Gastroenterol Hepatol 1994; 9: S88-92.

Különböző citoprotektív (sucralfat, DE-NOL, A-vita- 
min) és antiszekretoros (atropin, cimetidin, ranitidin, famo- 
tidin, pirenzepin) gyógyszerek krónikus gyomor-, illetve 
nyombélfekélyes betegek gyógyulására kifejtett hatásának 

sgálatára végeztünk intézetünkben egy multicentrikus, 
aomizált, prospektiv tanulmányt.
Összesen 441 beteget osztottunk random módon külön- 

csoportokba. A betegek kezelése atropin (1 mg/nap), 
cimetidin (1000 mg/nap), ranitidin (300 mg/nap), famotidin 
(80 mg/nap), pirenzepin (50 mg/nap), sucralfat (1000 
mg/nap) és A-vitamin (3x50 000 NE/nap) alkalmazásából állt 
önmagában vagy cyproheptadinnal (3x4 mg/nap), DE-NOL- 
lal (3x5 ml/nap), Uletve Tisaciddal (Al-Mg-hydroxicarbonat, 
változó dózisban) kombinálva. A vizsgálat kezdetén, illetve 2, 
4 és 6 héttel a különböző kezelések elkezdése után endoszkó
pos vizsgálatot (a fekélyek méretének meghatározása), a

vizs
ran

böző

Tumer-szindróma: irodalmi összefoglaló és esetismertetés. 
Turner 's syndrome: review of the literatura and report ofa case 
Madlena Melinda, Szilágyi Zoltán, Keszthelyi Gusztáv 
Debreceni OTE, Stomatológiai Klinika, 4012 Debrecen, 
Nagyerdei krt. 98.
ASDC J Dent Child 1994; 61(5-6): 394-396.

A Tumer-szindróma olyan kromoszóma-rendellenesség, 
amelyhez a nemi hormonok és az ACTH rendellenes mű
ködése társul. Ezen szindrómában szenvedőknél az arc és a 
fogazat fejlődése eltér a normálistól, s ez gyakran elkerüli a 
kezelőorvos figyelmét.

A craniofaciális rendellenességek között elsősorban két 
fő szájüregi eltérést kell diagnosztizálni és kezelni: a magas, 
gótikus szájpadlást, az ebből adódó fogívszűkületet, vala
mint hipoplasztikus, gyengén fejlett mandibulát. A caries 
prevalenciája ezeknél a betegeknél nem túl magas, a fogak ál
talában az átlagosnál hamarabb törnek át.

A fogászati korai gondozásba vétel rendkívül fontos, mert 
csak így kerülhetjük el a súlyos, esztétikailag és funk
cionálisan is kedvezőtlen orthodontiai anomáliák kialakulását.

^ A staphylococcus protein A a HIV-1 proteáz egy újabb 
heterológ szubsztrátuma. Staphylococcal protein A is a novel 
heterologous substrate for the HIV-1 protease 
Marczinovits Ilona, Molnár János, Patthy András 
Szent-Györgyi Albert OTE, Mikrobiológiai Intézet, 6720 
Szeged, Pf. 8.
J Biotechnoi 1994; 37: 79-83.

Az Escherichia coli-ban termelt protein A-HIV-l/gag 
p24 rekombináns fúziós fehérje in vitro HIV-1 proteázzal 
történő emésztése során, a protein A fehérjén belül új 
HIV-1 proteázfelismerő helyet találtunk. A fragmen
tumok N-terminális szekvenálásával a hasító helyet a 
pRIT2T fúziós-expressziós vektor (Pharmacia) által 
kódolt protein A IgG-kötó C doménjén belül, a fenil- 
alanin-235 és tirozin-236 aminosavak között, a Gln-Asn- 
Ala-Phe/Tyr-Gln-Ile-Leu (QNAF/YEIL) szekvencián 
belül lokalizáltuk, a fúziós hely közelében. A közlemény 
eredményei azt is igazolják, hogy az általunk leírt HIV-1 
proteázhasító helyet az enzim mind az önálló protein A 
fehérjében, mind fúziós partnerként alkalmazva felismeri 
és vágja. Minthogy a biotechnológiai úton előállítandó fú
ziós termékek további kezelésének egyik legkritikusabb 
lépése a klónozott polipeptid elválasztása a fúziós part
nertől, a fenti megfigyelés megnövelheti a kereskedelem
ben forgalmazott pRIT2T fúziós-expressziós vektor alkal
mazási lehetőségeit.

betegek panaszaiban bekövetkező klinikai változások mérését 
és laboratóriumi vizsgálatokat (vérkép, vizelet, vese- és máj
funkciók, elektrolitok, ph-status) végeztünk. Ugyancsak az 
előbb említett időpontokban jegyeztük fel a fekélyek inci-
denciáját, a fekélyek méreteiben bekövetkezett változásokat, 
a szubjektív fájdalomskálát és a fogyasztott antacidák mennyi
ségét. Mindegyik csoportba legalább 20 beteg tartozott. A 
fekélyek gyógyulási rátájának dinamikáját a nem gyógyult 
gyomor- és nyombélfekélyeken vizsgáltuk.

Eredményeink azt bizonyították, hogy a citoprotektív és 
antiszekretoros szerekkel kezelt betegek fekélyeinek mérete 
szignifikánsan csökkent. Mindegyik csoportban szignifi
káns csökkenést észleltünk az összesített fájdalomskálán (az 
alapértékhez viszonyított százalékos értékben) és az anta- 
cidafogyasztás mértékében. 2 héttel a kezelés elkezdése után 
különbségeket észleltünk a fekélygyógyulás dinamikájában 
is. Ugyanakkor 4, illetve 6 héttel a kezelések elkezdése után 
nem észleltünk szignifikáns eltérést a fekélygyógyulások 
dinamikájában.

A nátriumklorid-szupplementálás hatása koraszülöttek 
renális endothelin-1 ürítésére. Effect of sodium chloride supple
mentation on urinary endothelin-1 excretion in premature infants 
Rascher Wolfgang, Gyódi Gyula, Worgall Stefan, Sulyok 
Endre
Baranya Megyei Kerpel-Fronius Ödön Gyermekkórház 
7601 Pécs, Pf. 76.
J Pediat 1994; 125: 793-797.

Az endothelsejtek által termelt endothelin-1 (ET-1) 
hatékony vazoaktív peptid, amely fontos szerepet játszik 
számos cardiovascularis, renalis és endokrin működés szabá
lyozásában. A vesében az erek endothelje mellett a tubularis 
epithelsejtek és a mesangialis sejtek is termelik, és a lokálisan 
képződő ET-1 mint autokrín/parakrín faktor módosítja a 
renalis tubularis transzportfolyamatokat, így a víz és a nátrium 
reabszorpcióját. A vizelettel ürített ET-1 a vese által termelt 
ET-1 integrált mértékének tekinthető.

Vizsgálatainkkal azt kívántuk tisztázni, hogy az ET-1 
részt vesz-e a koraszülöttek nátriumegyenlegének változ
tatásakor bekövetkező adaptív reakciók közvetítésében. 
Alacsony és magas nátriumbevitel mellett összehasonlítot
tuk a koraszülöttek renális ET-1-ürítésének posztnatalis 
változásait. Vizsgálatainkat hetente végeztük, az élet első öt 
hetében. A vizelet ET-l-koncentrációját radioimmunoassay 
módszerrel határoztuk meg.
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also mostly satisfactory with the exception of three cases when a fourth dose of vaccine 
administration was suggested.

Considering that before the mentioned period no screenings were carded out 
HBsAg positivity was not always revealed during the first pregnancy, so the investigation 
was focused on children bom earlier in these families. In the case of four families former 
HBV infection with maternal origin could be detected. These data have also been 
discussed.

On the basis of the results it is clear that for the lack of a general HBV vaccination 
programme the screening, of pregnant women for HBsAg is beneficial. With the help of 
immunization the health of the affected offspring could be protected and the formerly 
infected, asymptomatic children revealed as I-IBV carriers could get into infectological 
care. Furthermore interferon therapy could be applied when it was necessary.
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The hepatitis В virus ([H]3V) is one of the causative agents of acute and chronic 
liver diseases in humans. Epidemiological and molecular data indicate that the chronic 
infection by HBV is associated with an increased incidence of human hepatocellular 
carcinoma (HHC) [1-4]. The X gene product of the HBV genome ([H]3xAg) 
transactivates both viral and cellular genes [5] and it is considered as an essential factor 
for establishing chronic infection as well as mediating hepatocarcinogenesis [6-8]. 
Therefore, for the chronic state of elisense and its progression to malignant 
transformation, monitoring of the expression of HBxAg may have prognostic value.

The aim of the experiment was the production of HBxAg based on recombinant 
techniques and development of anti-HBx antibodies and of a diagnostic system for 
detection of HBxAg by immunoserological and immunohistochemical methods as well as 
quantitative detection of anti HBx antibodies.

A truncated form of HBV X gene (HBx) was cloned into the fusion expression 
vector of pGEX-3X (Pharmacia) resulting in a GST-HBx fusion gene construction 
(pGEX-3XXBF). This plasmid was transformed into and expressed by the Escherichia 
coli strain DH5 a. More than 80% of the expressed fusion protein was found in the 
insoluble fraction (inclusion body) of the cell lysate. The fusion protein was selectively 
extracted by 8m urea with high purity and recovery (10-15 mg/100 ml cell culture) from 
the inclusion bodies. Rapid refolding by dilution method at 2-3 mg/ml protein 
concentration was performed. Removing of the affinity handle by Xa factor was efficient. 
The vital portion of the cleaved fusion protein was separated by gel filtration (FPLC, 
Superdex 75). Milligram quantities of HBx protein were yielded by the applied
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purification/cleavage procedure. Polyclonal and monoclonal antibodies against HBxAg 
were developed. Here we demonstrate the results of serological and immunohistochemical 
examinations with some representative data using our diagnostic system.

This work was supported by the National Committee for Technological 
development, Project No. 93-97-48-0543-
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The natural or nonadaptive immune system consists of a variety of leukocytes that 
exhibit natural cytotoxicity. NK cells are a discrete subset of lymphocytes with 
characteristic morphological, immunophenotypic and functional attributes. There is 
increasing evidence that neurohormones affect various immune responses, therefore we 
investigated the effect of serotonin on human NK cell activity 4 A marked decrease in NK 
activity was observed in the presence of 5 HT (serotonin) , especially applying whole 
blood. The use of whole blood instead of purified lymphocytes offers a model which can 
be regarded as intermediate between in vivo and in vitro studies. Depletion of CD 56+ 
cells abrogated the cytotoxicity, which verifies that the reaction reflect the behaviour of 
the NK cells in the whole blood. The inhibitory effect of serotonin was partially reversed 
by interferon alpha. Membrane depolarization was observed in the presence of serotonin, 
which was reversed by interferon.

The natural cytotoxicity of granulocytes is rather neglected. However, these cells 
are able to kill TNF sensitive WEHI 164 cells in a 18 h 51Cr release reaction. In addition, 
the ADCC activity of granulocytes is an effective mechanism of host defense as well. 
Investigation of the cytotoxicity of granulocytes against WEHI cells and against 
sensitized red blood cells revealed that both functions were impaired in patients with 
malignant diseases. So we conclude that not only NK cells but granulocytes themselves 
can participate in natural defense against cancer.
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jstract

A truncated variant of the hepatitis В virus X gene (HBx) was cloned into the fusion expression vector of 
3EX-3X (Pharmacia), resulting in a GST-HBx fusion gene construction (pGEX-3XXBF). This plasmid was 
msformed into and expressed by the Escherichia coli strain DEI5. More than 80% of the expressed fusion protein 
ts found in the insoluble fraction (inclusion body) of the cell lysate. The fusion protein was selectively extracted 
зт the inclusion bodies with 8 M urea at pH 6.5, and it was refolded by diluting 3-fold with deionized distilled 
iter at 4°C. The in vitro cleavage of the refolded fusion protein by factor Xa at about 2-3 mg ml -1 in the presence 
2.66 M urea at pH 6.5 was complete. The final steps of purification involved precipitation of the cleaved proteins 
th ammonium sulphate, solubilization in guanidine hydrochloride and separation on a Superdex 75 FPLC column, 
ith this approach, following an inclusion body strategy and a beneficial in vitro refolding, a predominantly 
xirophobic and highly disulphide-bonded protein was produced in preparative scale for subsequent diagnostic use. 
1997 Elsevier Science B.V.

tywords: Hepatitis В virus; X protein; Recombinant; High yield; Refolding; Escherichia coli

Epidemiological and molecular data indicate that 
chronic infection by HBV is associated with an 
increased incidence of human hepatocellular car
cinoma (HCC) (Koshy et al., 1981; Tiollais et ah, 
1985; Ganem and Vermus, 1987; Beasley, 1988; 
London et ah, 1995). The X gene product of the

Introduction

The hepatitis В virus (HBV) is a causative agent 
acute and chronic liver diseases in humans.
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HBV genome (HBxAg) transactivates both viral 
and cellular genes (Colgrove et al., 1989) and it 
is considered to be an essential factor for the 
establishment of chronic infection and the medi
ation of hepatocarcinogenesis (Zahm et al., 
1988; Feitelson et al., 1993; Koike, 1995). It has 
recently been reported that a persistent and 
high-level expression of the HBx gene led to 
HCC in transgenic mice (Kim et al., 1991; 
Koike et al., 1994). These findings strongly sug
gest that the level and duration of HBx expres
sion may influence the outcome of the chronic 
infection. Therefore, in the progression of the 
chronic state of the disease to the malignant 
transformation of infected hepatocytes, monitor
ing of the expression of X antigen (HBxAg) as 
a prognostic marker may be important (Zhu et 
al., 1993; Su et al., 1994).

The X gene has attracted much interest, and 
several different biotechnical attempts have been 
made to express this gene in E. coli systems 
(Kay et al., 1985; Pugh et al., 1986; Chisaka et 
al., 1987; Jameel et al., 1990; Wu et al., 1990; 
De-Medina et al., 1994). However, none of these 
have led to an efficient expression and an ac
ceptable yield. To improve the production of 
HBx antigen we have applied a fusion technique 
in which a truncated HBx gene was linked to 
:he glutathione 5-transferase gene (GST) as fu
sion partner, and recombinant HBxAg was pre
pared on a large scale from the inclusion body 
Taction of the cell lysate.

Although fusion of the X gene to a GST moi- 
:ty was reported earlier by De-Medina et al. 
1994), neither a preparative scale nor separation 
)f the fusion partners was necessary in that 
vork.

The present article describes the use of the 
ligh-expression vector system (pGEX, Pharma- 
ia) to achieve a high yield of fusion protein 
10-15 mg per 100 ml culture) from the inclu- 
ion body fraction, and milligram quantities of 
Í protein, following cleavage with Xa protease, 
donóclonal antibodies raised against the re- 
ombinant HBxAg were sensitive and highly 
pecific to both the recombinant and native 
ntigens.

2. Materials, and methods

2.1. Chemicals and biological materials

Restriction enzymes, T4 DNA ligase and Xa pro
tease were obtained from New England Biolabs 
(USA). Protein standards for Mr determination 
(LMW calibration kit) and pGEX-3X plasmid 
vector were purchased from Pharmacia (Sweden). 
Other chemicals of analytical grade were from Sigma 
(USA).

2.2. Plasmid construction

The coding region of the HBx gene between the 
BamHl-Fspl restriction sites was derived from 
the plasmid pHB320 (Bichko et al., 1985) and ^ 
cloned through the pHSG 395 vector into the 
BamHl-Smal restriction sites of the fusion-ex
pression vector pGEX-3X (Pharmacia), producing 
the pGEX-3XXBF recombinant plasmid. In this 
case, the X protein, is truncated by nine and 11 
amino acids at the N- and C-terminals, respec
tively. According to the cloning strategy, the trun
cated X protein is flanked by five amino acids at 
the N-terminal and four amino acids at the C-ter- 
minal, derived from the pHSG 395 and pGEX-3X 
plasmids, respectively.

2.3. Expression and purification of fusion proteins

E. coli strain DH5 transformed with the pGEX- 
3XXBF recombinant plasmid was grown 
overnight in L-broth plus 100 g ml-1 ampicillin 
at 37°C. The overnight culture was diluted 1:50 in 
fresh L-broth-ampicillin, grown at 37°C to an » 
A600 of 0.6-0.7 and induced with 0.5 mM iso
propyl /?-D-thiogalactopyranoside (IPTG) for 2.5 
h at 37°C. The bacteria were harvested by cen
trifugation at 4000 x g for 10 min at 4°C and the 
bacterial pellets were suspended in STE buffer (10 
mM Tris, pH 8.0, 150 mM NaCl, 1 mM EDTA), 
followed by incubation with 100 g ml -1 lysozyme 
on ice for 15 min. Lysis of the bacteria was 
achieved by addition of A-laurylsarcosine (sarco- 
syl) to a final concentration of 1% (Frangioni and 
Neel, 1993). Sonication was performed with a 
Vibra Cell Model VC50 High Intensity Ultrasonic
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rocessor at an output control of 25 (25 W), 
sing four continuous pulses of 15 s each, dis- 
jpted by 10-s breaks, on ice, with a 3-mm mi- 
rotip probe. The soluble and insoluble fractions 
f the E. coli lysate were separated by centrifu- 
ation at 10 000 xg for 10 min at 4°C. The 
ulk of the GST-HBxAg fusion protein was se- 
ctively solubilized from the inclusion bodies 
у vortexing for 3-5 min with 8 M urea pre- 
ared with deionized distilled water at pH 
5. The extracted GST-X protein was refolded 
у diluting the protein solution at 2-3 mg ml-1 
i 8 M urea with two volumes of deionized 
istilled water followed by storage for 24 h at

2.6. Protein sequencing

A sample incubated with factor Xa for 3 h 
was separated on a 15% sodium dodecyl sul
phate (SDS)-polyacrylamide minigel. After elec
trophoresis, the proteins on the gel were blotted 
onto a PVDF membrane (Immobilon-N; Mil- 
lipore). The PVDF membrane was then stained 
with Panceau S solution for 3 min and the de
sired fragments were cut out. Finally, the mem
brane was air-dried, and subjected to sequence 
analysis by a method described earlier (Marczi
novits et al., 1994).

>C.

4. Factor Xa cleavage of fusion proteins

After refolding, the fusion protein was di
eted with factor Xa in vitro at 2-3 mg ml"-1 
: a substrate to enzyme ratio of 50:2 (w/w) 
'Г different periods of time (0.5, 1.0, 1.5, 
0 and 16 h) at 25°C. The cleavage reaction 
ith Xa protease was carried out in deionized 
stilled water containing 2.66 M urea at pH ^ 43
5.

305. Separation of fusion partners

The cleaved protein mixture was diluted with 
l equal volume of deionized distilled water and 
ecipitation was carried out in the presence of 
)% ammonium sulphate by stirring on ice for 
) min. Following centrifugation, the precipitate 
as dissolved in 6 M guanidine hydrochloride 
ти-HCl) and 100 mM dithiothreitol (DTT) at 
»out 12-15 mg ml-1 for 1 h at 4°C. The viral 
oteins were separated from the GST partner 
l a Superdex 75 column (Pharmacia), using an 
st protein liquid chromatography (FPLC) sys- 
m and 6 M Gu-HCl containing 30 mM DTT 
running buffer. The separated X protein was 

luted with an equal volume of deionized dis
led water and dialysed sequentially against 1, 
5 and 0.1 M urea, each in deionized distilled 
iter at pH 6.5, for 2 h at 4°C. During the 
alysis steps, the solvents also contained 1 mM 
lenylmethylsulphonyl fluoride.

Fig. 1. Expression of the pGEX-3XXBF plasmid in Es
cherichia coli cells and distribution of the expressed fusion 
protein in cellular fractions. Lanes 1 and 2: proteins of E. coli 
cells carrying the recombinant plasmid prior to and after a 
150-min induction with 0.5 mM IPTG, respectively. The sam
ples were equivalent to 0.1 OD of cell culture treated with 
Laemmli buffer. Lanes 3 and 4: proteins of soluble and 
insoluble fractions of E. coli cell lysate, respectively. Equal 
amounts of each sample were standardized to the actual 
volume of cell lysates and complemented with an equal volume 
of 2 x Laemmli buffer. Lane 5: molecular mass standards in 
kDa (Pharmacia). The arrowhead on the left indicates the 
position of the GST-X fusion protein. Electrophoresis was 
performed on 12.5% polyacrylamide gel, which was stained 
with Coomassie Brilliant blue.
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system for diagnostic purposes, we have used an 
efficient E. coli expression system to produce 
HBxAg in large quantity. The X antigen, lacking 
the first nine and the last 11 amino acids, was 
expressed in E. coli cells harbouring the pGEX- 
3XXBF recombinant plasmid as a fusion protein 
with GST (Fig. 1, lanes 2 and 4). As can be seen 
in Fig. 1, lane 2, the GST-HBxAg fusion protein 
with an Mr of about 42 kDa, gives rise to about 
20% of the total bacterial cell proteins, more than 
80% of which can be found in the insoluble 
fraction of the cell lysate (Fig. 1, lane 4). Some 
attempts have been made to increase the quantity 
of the soluble form of the GST-X protein (e.g. 
lower incubation temperature for induction; mild 
disruption of the cells to avoid denaturation and

1

T—******

I

2. Digestion of the GST-X fusion protein with factor Xa. 
ction conditions were as described in Section 2. Lane 1: 
:tively solubilized and refolded fusion protein. Lanes 2-6: 
eins of enzymic reaction after 0.5, 1, 1.5, 3 and 16 h, 
ectively. Lane 1 and lanes 2-6 represent 12 and 50 ng 
eins, respectively. Lane 7: molecular mass standards in 
i. The positions of the fusion protein (fp), glutathione 
ansferase (GST), and the pX equivalent are indicated, 
trophoresis was performed on 15% polyacrylamide gel, 
:h was stained with Coomassie Brilliant blue.

I

1 2 3
. SDS-polyacrylamide gel electrophoresis 
JS-PAGE) and Western blot analyses 94-

67-
The expression of recombinant protein and the 
г of the process of protein purification as well 
the proteolytic products of the GST-X fusion 
dein after the treatment with Xa protease were 
tlysed by SDS-PAGE (Laemmli, 1970), as indi- 
ed in the figures, and stained with Coomassie 
lliant blue. Western blot experiments were car- 
1 out according to Towbin et al. (1979). Mono
nál antibodies generated against recombinant 
txAg (Somogyi et al., unpublished results) and 
:i-mouse IgG-horseradish peroxidase (Bio-Rad) 
a secondary antibody were used, respectively, 
ining was performed with diaminobenzidine 
rahydrochloride.

43-

30-

20-

14-

Fig. 3. Western blot analysis of immunoreactivity of mono
clonal antibody with GST-X, and the cleaved and purified pX 
protein. Lane 1: the GST-X fusion protein. Lane 2: the 
proteins of the reaction mixture after Xa cleavage. Lane 3: the 
purified pX protein following chromatography. The positions 
of the appropriate molecular mass standards (in kDa) are 
indicated. The hybridoma (clone number 3F6/G10) superna
tant was used at 1000-fold dilution. Blotted proteins were 
treated as described in Section 2.

Results and discussion

. Cloning and expression of GST-HBxAg 
ion proteins

;n order to develop an HBxAg/anti-HBxAg
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li 11 10
IRGRGICRSTDPARDVLCLRPVGAESRGEPF
pGEX 3X pHSG395 X ORF

i. 4. Alignment of amino acid sequence indicated with the Xa protease cleavage sites. || and | represent the canonical and the 
ditional cleavage sites, respectively. The ORF of the truncated X protein is indicated with bold letters from the tenth amino acid 
idues.

gregation of proteins; use of detergent and thiol 
ent for solubilization; reducing the number of 
drophobic amino acids by truncation of the X 
otein at both ends, as in the present work; etc.), 
it none of them increased the solubility of the 
iiombinant proteins substantially. The above ob- 
rvations can be explained in terms of the struc- 
ral characteristics of the X protein (52% of the 
lino acids in the protein is hydrophobic and the 
otein contains four disulphide bonds in a 
ique arrangement; Gupta et al., 1995), which 
ly increase its tendency to intermolecular aggre- 
tion, improper folding and accumulation in the 
dusion body fraction at high concentration.

Generally, a major problem regarding recombi
nant proteins accumulated in inclusion bodies is 
to solubilize the protein aggregates and refold the 
protein to its native and active form. The chal
lenge is to elucidate the protein folding pathway 
for the protein of interest. Apart from the envi
ronmental conditions (e.g. pH, temperature, 
salts), some folding additives may also contribute 
to successful protein folding, such as low concen
tration of denaturants, chaperones and protein 
disulphide isomerase (Buchner et al., 1992), 
polyethylene glycol (Cleland et al., 1992), mono
clonal antibodies (Carlson and Yarmush, 1992). 
Therefore, the optimum procedure has to be de
termined on a case-by-case basis and universally 
useful solutions are thus unlikely to exist.

Currently, our solubilization and refolding ap
proach, though highly successful with the pre
sented GST-X fusion protein, 
hit-and-miss affair for a number of other individ
ual proteins.

?. Purification and refolding of GST-X fusion 
otein

As the bulk of the GST-X fusion protein was 
cumulated in inclusion bodies, efforts were di- 
;ted to finding the most suitable solubilization 
Dcedure for the recombinant product; 8 M urea 
deionized distilled water at pH 6.5 proved to be 
propriate, as under these conditions we could 
lieve selective solubilization of the GST- 
3xAg in large quantity without appreciable con- 
nination of the host cell proteins (Fig. 2, lane 
Increasing the pH of the extraction buffer to 

> resulted in considerable impurities derived 
•m the E. coli (not shown). As a result of the 
ective solubilization, 10-15 mg of fusion 
Dtein can be obtained from 100 ml of culture. 
In our case, instead of dialysis, rapid dilution of 
: denaturant proved to be successful for refold- 
; of the inclusion body protein without any 
;cipitation at 2-3 mg ml-1. In contrast, grad- 
1 removal of the denaturant by dialysis induced 
antitative precipitation of the folding interme- 
ites and resulted in a soluble form of the recom- 
lant protein up to 200 fig ml-1 only.

remains a

3.3. Cleavage of renatured GST-HBxAg fusion 
product

Incubation of the fusion protein with factor Xa 
in the presence of 2.66 M urea (for details, see 
Section 2) demonstrated that the amount of the 
fusion protein decreases with time, concomitantly 
with the appearance of cleavage products corre
sponding to the GST and HBxAg (Fig. 2). Xa 
cleavage of the fusion protein was efficient and 
quantitative after incubation for 3 h (Fig. 2, lane 
5). The high purity of the extracted fusion protein 
is indicated by the fact that the quality and quan
tity of the cleaved products did not change even 
during a 16-h incubation period (Fig. 2, lane 6). 
The advantageous conformation of the GST- 
HBxAg fusion protein was reflected by the fact
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the cleavage. According to the sequence data (Fig. 
4), we found two additional cleavage sites besides 
that in the cloning vector pGEX-3X. One of them 
resides just before the X protein coding sequence 
between the arginine and serine originating from 
the transient cloning vector, pHSG 395. As the 
distance between the canonical cleavage site, lo
calized within the pGEX-3X vector, and the 
above one is only four amino acid residues, the 
size differences of the two protein fragments could 
not be distinguished under our electrophoretic 
conditions. The other cleavage site is localized 23 
amino acids downstream from the canonical Xa 
protease cleavage site, between Arg26 and Gly27 
within the sequence Ala-Glu-Ser-Arg/Gly-Glu- 
Pro-Phe in the X ORF. The computer analysis of 
higher order structure showed this to be the most 
hydrophilic and accessible region of the X 
protein. The calculated difference between the 
upper and lower X fragments is about 2.5 kDa, 
which is in good agreement with the elec- 
tröphoretic mobility differences observed.

t the enzymic reaction was already complete 
er a 3-h incubation period at 25°C. 
n consequence of the additional recognition 
:s for Xa protease, the cleaved HBxAg protein 
l be seen as two prominent bands with Mr 16.5 
i 14.7 kDa, respectively, which is in good 
■eement with the calculated molecular masses 
:ording to the sequence data. Since the bands 
eted equally well with the monoclonal antibod- 
(Fig. 3, lanes 2 and 3), we specified the sites of

A

s

\
2

l 3.4. Separation of X protein from fusion partner 
following cleavage by Xa protease

> Since affinity purification after cleavage of the 
GST-X fusion protein in the presence of denatu- 
rant was unsuccessful, we had to separate the 
cleaved proteins according to the molecular sizes. 
Therefore, after proteolytic cleavage the GST and 
the viral partner were separated on a Superdex 75 
FPLC column. Prior to loading onto the column, 
the proteins were concentrated by precipitation 
with ammonium sulphate and then solubilized in 
6 M Gu-HCl and 100 mM DTT. To avoid the 
high tendency of the protein to aggregation, and 
to achieve a good separation, both the solubiliza
tion and chromatography procedures were per
formed in the presence of a high concentration of 
thiol reagent. Fig. 5A depicts the UV absorption 
profile of the protein mixture after separation on 
Superdex 75. The first chromatography run re
sulted in a good separation. The peak fractions 
designated numbers 1 and 2, respectively, in Fig. 
5A were analysed for their purity by means of 
SDS-PAGE (Fig. 5B). Peak number 1 represents 
the fractions containing mainly the GST protein

2 8

1 2 3 4 5 8 96 7
------  94

67
Ш l V

Ш00 43

hm
3T

m
20

)X

;. 5. Separation of the cleaved GST-X fusion protein by 
ans of gel filtration (A) and subsequent SDS-PAGE analy- 
of the purification process (B). (A) Ultraviolet absorption 
»file (A280) of the cleaved fusion protein following separa- 
n on a SuperdexTM 75 HR FPLC column. The sample was 
»pared for chromatography as described in Section 2. The 
in peaks are indicated by 1 and 2. (B) Lane 1: protein 
nple before loading onto the column; lanes 2-4 and 5-8: 
>teins from peak fractions numbers 1 and 2, respectively, 
e positions of the fusion partners are indicated as in Fig. 2. 
ictrophoresis was performed on 15% polyacrylamide, which 
s stained with Coomassie Brilliant blue.

\<s>
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g. 5B, lanes 2,3 and 4). Peak number 2 relates 
the HBxAg free of GST (Fig. 5B, lanes 6-8). 
e fraction represented by lane 5 in Fig. 5B 
ttains predominantly the HBx protein, with 
ne GST contamination. To remove the remain- 

non-viral proteins from the contaminated 
ctions, a second chromatography run following 
icentration of the proteins was performed un
identical conditions. Starting with 100 ml of 

ture, two chromatography runs were per
med and milligram quantities of recombinant 
txAg were attained under our conditions. Fi- 
ly, the purified X protein was renatured by 
rtion and sequential dialysis against decreasing 
icentration of urea prepared in deionized dis- 
jd water up to 0.1 M at pH 6.5 and stored at 
Ю°С.
iVe have described here a possible route for the 
rification and refolding of large quantities of 
ombinant GST-X protein, and also a successful 
aration of the fusion partners. Preliminary 
a (Somogyi et al., unpublished results) suggest 
t the recombinant X antigen and monoclonal 
ibodies generated against it are suitable for the 
'elopment of a diagnostic system.
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In an earlier study, the circulating autoantibodies in patients with bullous pemphigoid 
(BP) were demonstrated in higher frequencies by means of an immunoblot technique then via 
indirect immunofluorescence. In the present work with the help of Peptide Structure software, 
two matched antigenic epitopes were chosen and synthesized. The sera of 34 patients with BP 
were investigated in parallel by an immunoblot technique using a human epidermal extract, 
and by an ELISA technique with synthetic peptides. The sera of 16 healthy persons and 10 
patients with other bullous diseases served as controls. Among the 34 patients with BP, 23 
sera proved positive for at least one synthetic peptide. Positive reactions with the major BP 
antigen (230 kD) were found in 22 patients by immunoblot technique and in 16 patients by 
the ELISA technique with the synthetic peptide, whereas with the minor BP antigen (180 kD), 
positive reactions were found in 9 patients by the immunoblot technique and 18 patients by 
the ELISA technique using the synthetic antigenic epitope of the minor BP antigen. 
All control sera were negative for both antigens in ELISA investigations. In 3 patients with 
pemphigus vulgaris, characteristic bands against pemphigus vulgaris antigen were identified 
by means of the immunoblot technique, but all other cases were negative. It is suggested that 
the development of this technique may lead to an opportunity for the rapid and simple 
diagnosis of BP.
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Bullous pemphigoid (BP) is a subepidermal blistering disease of elderly people, 
but the condition can occur in the under-forties and occasionally in children, too. Direct 
immunofluorescence (DIF) studies revealed preformed Ig and C3 linear deposition along 
the basement membrane zone (BMZ). About three-quarters of these patients have a 
circulating antibody to the BMZ. The BP antigen appears to exhibit molecular 
heterogeneity. There is a major 230 kD and a minor 180 kD peptide antigen. Through a 
use of patients’ autoantibodies, complementary DNAs (cDNAs) of both BP antigens have 
been isolated, and the amino acid sequences for the human 230 kD and 180 kD 
autoantigens were deduced [1,2].

We have now addressed the question of whether the demonstration of circulating 
antibodies against the minor (180 kD) and major (230 kD) BP antigens is possible by 
means of an ELISA technique with antigenic synthetic peptides.

Material and methods

With the help óf Peptide Structure software, several antigenic epitopes were chosen and 
synthesized. The predicted epitopic peptides were synthesized by solid-phase technique utilizing ‘Boc 
chemistry [3]. The peptide chain was elongated on an MBHA (p-methyl-benzhydril-amine) resin and 
the syntheses were carried out using an ABI 430A automatic machine with certain minor modifications 
on the standard protocol. The completed peptide resins were treated with liquid HF and the resulted free 
peptides were solubilized in 10% aqueous acetic acid, filtered and lyophilized. The crude peptides were 
purified by semipreparative reverse phase HPLC. The purified peptides were characterized by am[no 
acid composition and mass spectrometry. Peptide purifies were above 95% (HPLC and capillary 
electrophoresis). According to previous investigations, two of the peptides gave positive reactions with 
BP patients’ sera by means of the ELISA technique. We therefore further investigated these two 
synthetic peptides. One of them represented the 230 kD, and the other the 180 kD antigen. Thirty-four 
patients with proved BP were investigated (17 females and 17 males, aged 43-89 years, mean 72 years). 
The diagnosis was established on the basis of the clinical picture and by histology, as well as by DIF 
investigations. In all patients, the sera were examined by indirect immunofluorescence (IIF) and by 
immunoblotting too, as described earlier [4].

The patients’ sera were investigated by ELISA technique to determine antibodies against the 
antigenic epitopes representing either the 230 kD or the 180 kD antigen. For this technique, 0.1 pg/100 
pi concentrations of antigen and 1:100 dilutions of sera were used. Our earlier studies indicated a 
positive result when OD>X+2SD (OD = optical density, X = mean OD of control subjects, and SD = 
standard deviation of control OD).

Sera from 16 blood bank donors (8 females and 8 males, aged 25-53 years, mean 33 years), and 
10 patients (7 females and 3 males, aged 39-83 years, mean 49 years) with other bullous diseases (drug 
allergy, porphyria cutanea tarda and 3 patients with pemphigus vulgaris) served as controls.
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Results

All control sera were negative for both antigens in the ELISA investigations. In 3 
patients with pemphigus vulgaris, characteristic bands against pemphigus vulgaris antigen 
(130 kD and 80 kD ) were identified by means of the immunoblot technique, but all the 
other cases were negative.

Among the 34 patients with BP, 23 sera proved positive for at least one synthetic 
peptide. Positive reactions with the major BP antigen were found in 22 patients by the 
immunoblot technique and in 16 patients by the ELISA technique with synthetic peptide, 
with the minor BP antigen, positive reactions were found in 9 patients by the immunoblot 
technique and in 18 patients by the ELISA technique when the synthetic antigenic epitope 
of the minor antigen was used.

The summarized results are to be seen in Tables I, II, and III. Statistical differences 
between the various positive and negative results were not found by the Fischer exact test.

Table I

Correlation between Indirect immunofluorescence (IIF), immunoblotting (IB) and ELISA investigations of sera 
of patients with bullous pemphigoid (positive by direct Immunofluorescence technique)

Bullous pemphigoid ELISA only 230 kD ELISA only 180 kD ELISA both 230 and ELISA both 230 and
180 kD negative180 kD positive(n=34) positive positive

TB+, IIF+ 
(n=8)
IB+, IIF— 
(n=13)

0 3 41

6 24 1

IB-, IIF+ 0 0 . 0 1
(n=l)
IB-, IIF— 
(n=12) 
DIF-positive 
(n=34)

45 21.

11 115 7

TB+ = immunoblot : positive result
IIF— = indirect immunofluorescence : negative result
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Discussion

About three quarters of patients with BP have circulating antibodies to the 
basement membrane demonstrable by IIF. In our study, immunoblotting proved to be 
more sensitive than IIF for the identification of different antibodies. Eight out of 34 (22%) 
sera of patients with BP gave positivity by means of IIF and 21 of 34 (61%) sera by 
means of immunoblotting assay. Our results are in accordance with the findings of 
Bernard et al. [5]. Earlier investigations [6, 7] demonstrated either that 80% of patients 
with BP have circulating IgG that binds to fusion proteins encoding for both the amino 
and carboxyl terminal regions of the putative alpha helical coiled-coil rod of the 230 kD 
cDNA or that 53% of patients with BP have circulating IgG by means of an ELISA 
technique with a segment of a human cDNA encoding a 42-amino-acid stretch of the BP 
180 kD antigen (GST-S 1).

Table II

Summarized results of correlation between ELISA 
and immunoblotting in vestigations

ELISA positive ELISA negative

6Blot positive 
Blot negative 
DIF positive

15
58

23 11

Table III

Correlation of the results of ELISA and immunoblotting 
investigations according to different antigens

230 kD 
BP antigen

180 kD 
BP antigen

Bullous pemphigoid 
(n=34)

19ELISA positive 
Blot positive

17
922

In our investigations with synthetic antigenic epitopes, the ELISA technique 
revealed serum.positivity in 67.6% of the patients with BP. Our results suggest that the 
epitope of the 180 kD antigen gave much higher positivity than that of the 230 kD protein
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by ELISA technique respective to the immunoblotting method. Therefore, to increase the 
usefulness of the 230 kD antigen as a diagnostic tool, other epitopes within the protein 
should be learned.

We consider that this kind of investigation offers a new possibility to determine 
antibodies in patients with BP. By using a mixture of these synthetic antigenic epitopes it 
is possible to diagnose patients with BP in a relative simple way by means of an ELISA 
technique, which is much cheaper, and a highly equipped laboratory is not necessary.

Acknowledgement. This work was supported by the Hungarian National Committee for Technical 
Development (OMFB) No. 5268.
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IDENTIFICATION OF SEQUENCES IN THE CYTOPLASMIC DOMAIN OF 
HUMAN BULLOUS PEMPHIGOID ANTIGEN 180 (hBP180) REQUIRED FOR 
ITS RECRUITMENT INTO HEMIDESMOSOMES (HD).
Luca Borradori, Peter I. Koch *. Stefan Erkeland, Manuel van Leusden, and Amoud 
Sonnenberg. Division of Cell Biology, Netherlands Cancer Institute. Amsterdam;
* Department of Dermatology. Univ. of Pennsylvania. Philadelphia.

BP 180 is a component of HD, multi-protein complexes that mediate adhesion of 
epithelial cells to the underlying basement membrane. To define regions involved in 
HD assembly, we have expressed full-length hBPI80 and deletion mutant forms of 
this protein in the rat bladder epithelial cell line 804G. hBPI80 was correctly 
targeted to HD, codistributing with BP230 and the Ct6 and ß4 integrin subunits, 
markers of the hemidesmosomal plaque. Chimeric cDNA constructs encoding a 
membrane targeting signal (К-Ras) and the entire cytoplasmic tail of hBPI80 or a 
cytoplasmic tail with increasing internal truncations were also correctly incorporated 
into HD. However, a hBP180 chimeric protein lacking a cytoplasmic stretch of 289 
amino acids including the four tandemly arranged 24 residue repeats remained 
diffusely distributed on the cell surface. Finally, a hBPI80 construct lacking the 
whole extracellular domain and the transmembrane region was recruited into HD, 
although a cytoplasmic accumulation of this molecule was also observed. In COS-7 
cells transfected with human ct6A and ß4A cDNA, the hBP180 chimeric construct 
encoding the membrane targeting signal (К-Ras) and the entire cytoplasmic domain 
colocalized with Ct6ß4 integrin and with plectin. In conclusion, in contrast to 
previous studies, our findings indicate that the cytoplasmic domain of hBP180 
harbors functional domains necessary and sufficient for HD targeting. The further 
characterization of relevant sequences within hBPI80 will extend our understanding . 
of mechanisms involved in HD formation. —

sión is Down-Regulatéd in a Canine Model for Hailey-Hailey

, B. Rohrbach, M. Wyder, P. lensen*, M. Goldschmidt* and M. Suter 
hology. University of Berne. Beme. Switzerland 
tology. University of Pennsylvania, Philadelphia. USA

disease is an autosomal dominant genodermatosis characterized 
lolysis associated with epidermal hyperplasia. Recently, a canine 
se has been described in an English Setter and his offsprings. To 
lion defect, we analyzed the expression of several components of 
e adhesion structures, adherens junctions and desmosomes. in cell 
•kin. Northern blot analysis revealed that the steady-state mRNA 
sut not of a<atenin, ß-catenin. piakogtobin, nor desmoglein I was 
I cultures of HH lesions when compared to those of normal canine 
d E-cadherin mRNA expression was further paralleled by a 
i of E-cadherin protein, as shown by flow cytometry. Interestingly, 
ä-cadherin appeared heterogeneous in immuno-histochemical 
U cultures; small basaloid cells were devoid of E-cadherin 
larger suprabasaloid cells expressed comparable levels of protein 
locytes. To further substantiate this observation we analyzed 
skin as well as lip epithelium of the English Setter. Consistently 
>ns obtained for cell cultures, reduced levels of E-cadherin 
erved in oral basal cells. Surprisingly. E-cadherin expression was 
lirectly adjacent to the lesion. Expression of o-catenin, ß-catenin. 
noglein I protein was similar in affected tissue and normal control 
our results indicate that in this model of HH disease cellular 
by the downregulalion of E-cadherin expression.

274
DEVELOPMENT OF AN ELISA SYSTEM FOR THE RAPID DIAGNOSIS OF 
BULLOUS PEMPHIGOID
Mária Kiss'. Sándor Húsz1, Попа Marczinovits’, János Molnár3, Katalin Molnár1. Gá
bor Tóth’, Attila Dobozy', Departments of 'Dermatology, ’Microbiology and ’Medical 
Chemistry, Albert Szent-Györgyi Medical University, Szeged, Hungary 
The bullous pemphigoid (BP) autoantigen structures and their amino acid sequences 
are well known. We have addressed the question of whether the demonstration of 
circulating antibodies against major (BPAGI, 230 kD) and minor (BPAG2, 180 IcD) 
antigens is possible by means of an ELISA technique with synthetic antigenic . 
peptides. With the help of PeptideStructure software, two-two matched antigenic 
epitopes were chosen and synthetized. The sera of 33 patients with BP were 
investigated in parallel by an immunoblot technique using a human epidermal extract, 
and by an ELISA technique with synthetic peptides. The sera of 16 healthy persons 
and 10 patients with other bullous diseases served as controls. Among the 33 patients 
with BP, 24 sera proved positive for at least one synthetic peptide. Positive reactions 
with the major BP antigen were found in 21 patients by the immunoblot technique and 
in 20 patients by the ELISA technique with the synthetic peptides, positive reactions 
were found in 9 patients by the immunoblot technique and 18 patients by the ELISA 
technique using the synthetic antigenic epitopes of the minor BP antigen. With the 
exception of one person all control sera were negative for both antigens in ELISA 
investigations. In 3 patients with pemphigus vulgaris, characteristic bands against 
pemphigus vulgaris antigen were identified by means of the immunoblot technique, but 
all other cases were negative. It is suggested that the development of this technique 
may lead to an opportunity for the rapid and simple diagnosis of BP.

NT MEMBRANE ZONE ANTIGENS ARE RECOGNIZED BY 
. PEMPHIGOID SERA.
ii Patricia RousselleV Jean F Nicolas Alain f_____________________________________________ Planrfy.
atdogy, and ‘institute of Biology and Chemistry of the Proteins - 
m. France.
aid (CP) is a chronic subepithelial blistering disease of mucous 
h lesions often heal with scar formation. The 180kD-bul!ous
(BPAg2) (Bernard et al. 1992], the аЗ-subunit of laminin-5 

tschig et al. 1995], and a 168kD mucosal antigen (M168) 
95] were found to be recognized by the CP sera. '
' was to further determine the relationship between these basement 
tigens identified by different groups in CP. We applied the 
sing multiple antigenic sources: human epidermal, dermal, and 
sets and also the purified placental laminin-S, for detection of 
Гог the most, if not all. of the epidermal and dermal antigens 
2, laminin-S, and M168. The proteins were separated under 
n 6% polyacrylamide'gel electrophoresis. Among the 19 CP sera, 
ic epidermal antigen of 180 kD со-migrated with the BPAg2 
'clonal anti-BPAg2 antibody. Five additional sera labeled the 
ed with the аЗ (200kD) and one with the ß3 (140kD) chains that 
: identical bands labeled by a rabbit polyclonal antibody raised 
i. Sera from four other patients that did not react with the laminin- 
nal protein extracts, did label a 168kD antigen on the mucosal 
inity purified antibodies from the M168 did not further react with 
tin-5. This study demonstrates that there are different entities 
»rdingly the diagnosis of CP should take into account the nature
en.
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Amphiphysin, a dynamln binding protein Is Implicated In the 
function of the actin based cytoskeleton

Olaf Mundigl. GiarvCarfo Ochoa, Carol David. Alexander V. Kabanovand Pietro Oe CamilU

Department of Cell Biology and Howard Hughes Medical Institute. Yale University School of 
Medicine, Boyer Center for Molecular Medicine. New Haven, CT, USA; * University of Nebraska 
Medical Center, Dept, of Pharmaceutical Sciences, Omaha, NE. USA.

DYNAMIN AND ß-ARRESTIN REVEAL DISTINCT MECHANISMS FOR G 
PROTEIN-COUPLED RECEPTOR ENDOCYTOSIS. ((J. Zhang. S.S.G. Ferguson. 
L.S. Barak, and M.G. Caron)) HHMI Labs and Department of Cell Biology, Duke 
University Medical Center, Durham, NC 27710.

The agonist-promoted internalization (sequestration) of G protein-coupled 
receptors (GPCRs) is intimately linked to the regulation of GPCR responsiveness, 
and is likely the mechanism by which desensitized receptors regain their activity. 
However, the cellular nature and molecular determinants mediating GPCR 
internalization have remained elusive. Considerable evidence suggests that 
GPCRs internalize via the clathrin-mediated endocytic pathway, but even for the 
ß2*adrenergic receptor (ßaAR). a prototype GPCR. this issue has remained 
controversial. In the present study, we show that dynamin, a large GTPase. which 
regulates the formation and budding of clathrin-coated vesicles, is essential for the 
agonist-promoted internalization of the ßsAR, since overexpression of a dynamin 
GTPase domain mutant abolishes ßaAR internalization. This represents the first 
indication that ß2AR internalization is dynamin-dependent and thus is likely 
mediated by clathrin-coated vesicles. In contrast, the internalization of another 
typical GPCR, the angiotensin II type 1A receptor (ATiaR), is not inhibited by the 
dominant-negative dynamin mutant, indicating that the AT^R can utilize an 
alternative dynamin-independent pathway for internalization. Simitar to dynamin, ß- 
arrestin, a critical component for ß2AR cellular trafficking, is also not required for 
AT,aR internalization. Moreover, although ATjaR internalization is not inhibited by 
a sequestration-specific ß-arrestin dominant-negative mutant, the magnitude of 
ATíaR internalization is increased by overexpressing wild-type ß-arrestin in two 
different cell types. This ß-arrestin-induced increase in ATjaR internalization is 
dynamin-dependent. These findings demonstrate that GPCRs can utilize distinct 
endocytic pathways, distinguishable by both dynamin and ß-arrestin, and that ß- 
arrestins function as adaptor proteins specifically targeting GPCRs for dynamin- 
dependent endocytosis via clathrin-coated vesicles. ^

Amphiphysin is an SH3 domain-containing neuronal protein, highly enriched in nerve ter
minals. which interacts with dynamin I in vitro and which can be copredpitated with dy
namin I from brain extracts. Homologues of amphiphysin in yeast cells. Rvs161 and 
Rvs167, have been implicated in endocytosis and in the function of the actin-based cy
toskeleton.
We have now obtained further evidence for an interaction between the two proteins b 
situ. First, dynamin I and amphiphysin are highly colocalized in hippocampal neurons 
grown in vitro at all developmental stages. Second, amphiphysin had a predominant cy
tosolic localization in transfected fibroblasts. However, when the same fibroblasts were 
cotransfected with mutant dynamin I isoforms which block clathrin-mediated endocytosis 
and accumulate at clathrin coated pits, amphiphysin redistributed into *hot spots* to
gether with dynamin I immunoreactivity.
Moreover, we have now found that amphiphysin colocalizes with elements of the periph
eral actin cytoskeleton both in axonal growth cones of cultured hippocampal neurons and 
in transfected fibroblasts. To elucidate the functional role of amphiphysin and its interac
tion with actin during neuronal development we analyzed its expression levels in cultured 
neurons. During the first 3 weeks in vitro amphiphysin was found to be up regulated about 
ten fold. Treatment with amphiphysin anti-sense oligonucleotides reduced endogenous 
amphiphysin to about 10% of control levels. Concomitantly, neunte outgrowth was 
severely inhibited and a complete collapse of the actin cytoskeleton was observed. We 
conclude that 1) amphiphysin is a physiological binding partner for dynamin and 2) its 
function is linked to the peripheral actin based cytoskeleton. These findings support ge
netic evidence obtained in yeast for an interrelationship between endocytosis and the 
actin cytoskeleton.

Desmosomes and Hemi-Desmosomes (487-490).
487 488

INDUCTION OF DESMOSOME ASSEMBLY AND INHIBITION 
OF KB CELL DETACHMENT BY PROTEIN KINASE INHIBITORS. 
((A.H.M. Shabana, L. Amar, M. Oboeuf, N. Martin and N. Forest)) 
Laboratoire de Biologie-Odontologie, Université Paris 7. 21, nie de l’Ecole 
de Médecine. Institut des Cordeliers, 75270 Paris Cedex 06, France.

DEVELOPMENT OF A SYSTEM FOR THE DETECTION OF AUTO
ANTIBODIES AGAINST DESMOSOMAL AND HEMIDESMOSOMAL 
PROTEINS. ((J. Molnár1, S. Húsz2, M. Kiss2, I. Marcczínovíts1, G. Tóth3, L. 
Dorgai4, M. Kálmán4)) Dept. Microbiol1., Dermatol2., Med. Chem3., Albert 
Szent-Györgyi Medical University, Szeged, and Inst. Biochem4., Zoltán Bay 
Found. Appl. Res., Szeged, Hungary.

Specific antibodies directed against adhesion molecules are involved 
in the pathogenesis of blistering skin diseases. DesmogleinI (Dsgl) and 
Dsg3 are the critical desmosomal autoaatigens in pemphigus foliaceus 
(PF) and vulgaris (PV), respectively, and the hemidesmosomal bullous 
pemphigoid antigen 1 (BPAGl) and BPAG2 in bullous pemphigoid (BP). 
With the help of PEPTIDESTRUCTURE and PLOTSTRUCTURE 
Programmes antigenic epitopes were predicted. The peptides were 
synthetized chemically and screened using the sera of patients. Coding 
sequences of the best antigenic epitopes were chemically synthesized and 
inserted as monomeric and homo- or hetero-oligomeric blocks into 
fusion-expression plasmids (pGEX-4T-2, Pharmacia). Fusion products 
were expressed and purified from E. coli cells by affinity 
chromatography. The recombinant proteins were used for the detection of 
autoantibodies in sera of 33 patients with BP, and 25 patients with PV/PF, 
and for development of monoclonal antibodies against the peptide 
epitopes of autoantigeos. The sensitivity and fidelity of our ELISA 
technique with recombinant peptides proved to be as high as the Western 
blot analysis with authentic human adhesion molecules.

Protein kinase inhibitors were shown to play an important role in cell 
differentiation, proliferation and adhesion. We have recently shown that H-7 
and GF109203X are able to induce desmosome assembly both in the 
cytoplasm and at the cell membrane of normal rat keratinocytes. In order to 
analyse the role of various protein kinases on cell adhesion and proliferation 
we used three inhibitors with different selectivities : H-7 inhibits PKA, PKG, 
PKC and MLCK, H-1077 inhibits PKA, PKG and MLCK, and GF109203X 
inhibits only PKC. Four cell groups (control untreated. EGF treated, 
inhibitor treated, and EGF-inhibitor treated) were prepared by seeding 5X104 
cells/ml into 5 ml culture dishes. The inhibitors were added to confluent 
cultures and incubated for 60 h before counting both detached and adherent 
cells. Immunolabelling and electron microscopy were performed on l h- 
treated confluent cultures. The results show that the three inhibitors 
significantly reduce cell detachment at concentrations which do not implicate 
MLCK. At these concentrations only H-7 inhibited cell proliferation. After 
treatment, immunocytochemical staining for the major desmosomal molecules 
showed enhanced labelling both at the cell membrane and in the cytoplasm. 
Electron microscopy revealed the presence of desmosomes in the cytoplasm 
of treated cells, and immunogold labelling confirmed the desmosomal nature 
of these structures. The Finding that H-7 was the most effective in reducing 
cell detachment made us suggest that PKA-, PKG- and PKC-inhibitors may 
additively up-regulate desmosome-dependent cell adhesion.

489 490
MUTATIONAL ANALYSIS OF DESMOGLEIN BINDING DOMAINS OF 
PLAKOGLOBIN ((Lora L. Witcher, Russell Collins. Erik Levy and Pamela 
Cowin.}) Dept, of Ceil Biology, NYU Medical Center. New York, NY 10016 

Plakoglobin is a multifunctional protein involved in the regulation of cell ad
hesion, reorganization of the cytoskeleton. tumor progression and embryonic 
patterning. It engages in a large number of interactions at the membrane with 
three types of cadherins and a number of growth factor receptors. At these 
sites, plakoglobin facilitates connection between cadherins and the cytoskele
ton. A body of data suggests that cadherins bind plakoglobin and suppress 
its potential cytosolic participation in signal transduction cascades. We have 
mapped the binding domain on plakoglobin for desmoglein 1, a major glyco
protein of the desmosome (Witcher et al. (1996) J. Biol. Chem. 271; 10904- 
10909.) to the first three arm repeats of plakoglobin. We have further defined 
specific amino acid changes important for this interaction. Additionally, we 
will discuss the results of overexpressing wild-type or mutant plakoglobin con
structs in specific celt lines.

CHARACTERIZATION OF PENIN, A NOVEL PROTEIN ASSOCIATED WITH 
DESMOSOME-ENTERMEDIATE FILAMENT COMPLEX
((P. Ouyang1, J. Shi2 and S.P. Sugrue2)) department of Anatomy. Chang Gung 
Medical College, Taipei. Taiwan, department of Anatomy and Cell Biology. 
University of Florida College of Medicine, Gainesville, FL 32610-0235
We have identified a protein, named pinin. which is associated with mature 
desmosomes of epithelia . We suggest that the function of pinin is to pin 
intermediate filaments to the desmosome and thus pinin may play a significant 
role in reinforcing the intermediate Filament-desmosome complex. cDNA clones 
coding for pinin were identified, using degenerative oligonucleotide probes that 
were based on the internal amino acid sequence of pinin for the screening of a 
cDNA library. Immunoblotting of expressed recombinant proteins with the 
monoclonal 08L antibody localized the 08L epitope to the carboxyl end of the 
protein. Polyclonal antibodies directed against fusion proteins immunoidentifted 
the 140 kD protein in tissue extracts. Immuno-fluorescence analysis, using the 
anti-fusion protein antibody, demonstrated pinin at lateral epithelial boundaries, 
which is consistent with desmosomal localization. The conceptual translation 
product of the cDNA clones contained three unique domains: l) a serine-rich 
domain. 2) a glutamine-proline, glutamine-leucine repeat domain, and 3) an 
acidic domain rich in glutamic acid. Although the 3' end of the open reading 
frame of the done for pinin showed near identity to a partial cDNA isolated for a 
pig neutrophil phosphoprocein (Bellavite et al.BBRC:170), the remaining sequence 
demonstrated little homology to known protein sequences. Northern blots 
indicated that pinin messages exhibit tissue-specific variation in size, ranging from 
3.2-4.1 kb. Genomic Southern blots revealed the existence of one gene for pinin. 
suggesting alternative splicing of the mRNA. Expression of the full length cDNA 
clones in human 293 cells and monkey COS-7 cells demonstrated that a 140 kD 
immunoreactive species on Western blots corresponded to pinin. Immuno
fluorescence staining revealed that the expressed pinin protein was assembled to 
the lateral boundaries of the cells in contact, which is consistent with the staining 
pattern of pinin in epithelial cells. (Supported by NIH grant EY07833)
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Recombinant antigens by fusion of antigenic epitopes to a GST partner

J Molnár3,1. Marczinovits3, M. Kissb, S. Huszb, G. Tóthc, L. Dorgaid and M. Kálmán*1'

Departments of “Microbiology, ^Dermatology and ‘Medical Chemistry of Albert Szent- 
Györgyi Medical University, P.O. Box 8, 6720 Szeged, Hungary*

dInstitute for Biotechnology, Zoltán Bay Foundation for Applied Resarch, Derkovits 
Fasor 2, 6726 Szeged, Hungary

The native human bullous pemphigoid autoantigens with molecular masses of 230 kDa and 
180 kDa (BPAG1 and BPAG2, respectively) are recently used in the clinical practice by 
Western blot analysis for the differential diagnosis of a large group of autoimmune blistering 
skin diseases. Our aim was to construct ELISA and rapid diagnostic test systems with the 
application of 1 or 2 characteristic antigenic epitopes in the form of recombinant fusion 
polypeptides as low-cost and easily applicable variants of the above autoantigens. With the help 
of computer programmes three antigenic epitopes of the BPAG1 and BPAG2 were predicted. 
The chemically synthesised antigenic epitope peptides were tested by the patients’ sera. DNA 
sequences coding for the epitopes were chemically synthesised and introduced as monomer, 
homologous and/or heterologous dimer and multimer blocks into fusion-expression plasmids of 
pGEX-4T-2 (Pharmacia). The recombinant products following induction were purified from the 
lysates of Escherichia coli DH5a cells by affinity chromatography ( Glutathione Sepharose) and 
used for the detection of autoantibodies of patients’ sera suffering from bullous pemphigoid in 
an ELISA and a rapid diagnostic test. Up to 90% of 51 patients showed positive reactions with 
the above methods and gave far better and reliable results than were achieved by the Western 
blot technique with native autoantigens. We suppose that the “avidity effect” of the fusion 
products has greatly contributed to the high sensitivity and fidelity of the diagnostic systems 
developed in our laboratory.

INTRODUCTION

Bullous pemphigoid (BP) is an autoimmune subepidermal blistering disease of elderly people. 
Direct immunofluorescence studies revealed preformed Ig and C3 linear deposition along the 
basement membrane zone (BMZ). About three-quarters of these patients have circulating 
autoantibodies to hemidesmosomal BMZ proteins. These are the major 230 kDa and the 180 
kDa minor autoantigens (BPAG1 and BPAG2, respectively). cDNAs of both BP antigens have 
been isolated and amino acid sequences for the human autoantigens were deduced [1,2].

*This work was supported by the Hungarian National Committee for Technical Development (OMFB), 
project No. 95-97-65-0985.



Immunofluorescence studies and Western blot techniques with authentic antigens extracted 
from cultured human keratinocytes are recently used for the differential diagnosis of 
autoimmune blistering skin diseases. We have now addressed the question of whether the 
demonstration of circulating antibodies against the BP antigens are possible by means of ELISA 
and/or rapid diagnostic tests with recombinant fusion antigens containing only short antigenic 
epitopes of the two BP autoantigens.

MATERIALS AND METHODS

Prediction of antigenic epitopes and peptide synthesis: The sequences of the BP antigens 
were from Swiss-Prot and PIR data banks and were analysed with WISCONSIN Package, 
Version 8 (Genetics computer Group, Madison, USA) using the Peptidestructure and 
Plotstructure programs. For the BPAG1, epitopic fragments of positions from 1814 to 1834 and 
from 1793 to 1813 were chosen (designated as BP1 and BP3, respectively), and for the BPAG2 
only the fragment with positions from 507 to 528 (designated as BP2). Peptide sequences were 
synthesised by solid-phase technique utilising tBoc chemistry [3]. Peptide chains were elongated 
on a p-methylhydrylamine resin [4] (0.48 mmol/g) and the syntheses were carried out using an 
ABI 430A automatic machine with certain minor modifications on the standard protocol. The 
completed peptide resins were treated with liquid HF/dimethyl sulphide/p-cresol/p-thiocresol 
(86:6:4:2, v/v), at 0 °C, 1 h [5]. HF was removed and the resulted free peptides were solubilized 
in 10% aqueous acetic acid, filtered and lyophilized. The crude peptides were purified by 
reverse-phase HPLC. The appropriate fractions were pooled and lyophilized. The purified 
peptides were characterised by mass spectrometry using a Finnigan TSQ 7000 tandem 
quadrupol mass spectrometer equipped with electrospray ion source. Peptide purities were 
above 97% (HPLC) and the measured Mw values were in good agreement with the calculated 
values in all cases.

DNA synthesis: Oligonucleotides were synthesised on a Crucachem PS250 synthesiser using 
phosphoramidite chemistry. Enzymes were purchased from Promega and Fermentas and used 
according to the instruction of the manufacturer. DNA was sequenced by the dideoxy chain- 
termination technique.

Expression and purification of the recombinant fusion products were according to [6] and 
described here briefly. E. coli DH5a cells harbouring the different fusion-expression plasmid 
constructions were grown in LB medium and induced with 0.5 mM isopropyl ß-D-thiogalacto- 
pyranoside (IPTG) for 3 hours. Bacteria were harvested by centrifugation, then treated with 
lysozyme and disrupted by sonication. Isolation of the recombinant products was performed 
directly from the cell lysate with the help of a Glutathione Sepharose 4B affinity gel (Pharmacia) 
in the presence of 1% Triton X 100. The fusion proteins were eluted by reduced glutathione. 
The recombinant fusion products were analysed by electrophoresis in 12.5 % SDS-polyacryl- 
amide gels (SDS-PAG) under reducing conditions and by immunological methods.

Immunological techniques: Immunological reactivity of synthetic peptides and the 
recombinant fusion products with patients’ and the control sera were investigated by ELISA 
technique, and the recombinant fusion peptides by immunoblotting, too. For the ELISA 0.1 
(j.g/100 p.1 concentrations of synthetic peptides, and 1 p.g/100 |il concentrations of monomer



for, and the structure of the plasmids purified from those transformants were checked by 
sequencing (step 7). Plasmids containing multimer epitopes were constructed in a similar way 
except the insert did not contain stop codons, and it was inserted into the plasmid containing 
monomer epitope at the unique BamHl site located at the N-terminal end of the resident 
epitope. In the right orientation of the insert the N-proximal BamHl site was regenerated 
allowing multiple cycles of insertion. In order to minimize possible interactions between the 
epitopes two prolin residues were introduced at the junction of epitope petides.

As all of the three synthetic peptide epitopes reacted with patients' sera, DNA blocks encoding 
them were synthesised and inserted into the fusion-expression plasmid vectors. The BP 172 
sequence proved to be unstable in monomeric construction, therefore, only its heterologous 
dimer variants could be inserted and maintained in fusion expression plasmids. Altogether, eight 
fusion constructions were developed.

Expression and purification of recombinant fusion peptides
Recombinant products of the eight fusion-expression constructions are as follows: GST-BP1, 

GST-BP2, GST-BP22, GST-BP111, GST-BP221, GST-BP1112, GST-BP31, and GST-BP32. 
Each of them is composed of the GST at the -NH2 end followed by the antigenic epitope(s) at 
the -COOH terminus. The numbers and the order of numbers 1, 2 or 3 represent the antigenic 
peptide epitope(s) (see in the Materials and Methods) and the order of the peptides in the 
construction, respectively.

After induction E. coli DH5a cells harbouring the recombinant plasmids expressed the fusion 
products at high level (Fig. 2). The yield of the expressed and purified fusion proteins was 
between 5 and 7 mg per 200 ml of cell culture after a 3 hours incubation.
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Fig 2. SDS-PAG electrophoresis of the lysates of E. coli cells harbouring plasmids of pGEX- 
4T-2 (lanes 1 and 2) or its recombinant derivatives (lanes 3-8) before (lanes 1, 3, 5 and 8) and 
after induction (lanes 2, 4, 6 and 8) with IPTG for 3 h The expressed recombinant products are 
as follows: lane 2 - GST; lane 4 - BP2, lane 6 - BP22, lane 8 - BP221. M = LMW markers (in 
kDa) on the right. 12.5 % PAG, stained with Coomassie brillant blue.



fusion peptides as antigens were used. In the case of dimer and multimer fusion products 
antigen concentrations were equalised to the peptide components of complexes. Our earlier 
studies indicated a positive result when A>X+2SD (A = absorbance, X = mean A of control 
subjects, and SD = standard deviation of control A). Immunoblottings were performed by 
dropping fusion products in solution on a nitrocellulose filter or electro-transferring to the filter 
the proteins separated with SDS-PAGE. The blots were blocked with BSA and probed with 
1:200 dilutions of patients’ or control sera. Bound primary antibodies were visualised by anti
species horseradish peroxidase conjugates at 1:1000 dilution and diaminobezidine [6].

Patients and sera: Fifty-one patients with proved BP were investigated. The diagnosis was 
established on the basis of the clinical picture and by histology, as well as by direct immuno
fluorescence investigations. In all patients, the sera were examined by indirect immuno
fluorescence and immunoblotting too, as described earlier [7]. Sera from 10 blood bank donors 
and 10 patients with other bullous diseases (drug allergy, porphyria cutanea tarda and 3 patients 
with pemphigus vulgaris) served as controls.

RESULTS AND DISCUSSION

Construction of plasmids overexpressing the autoimmune epitopes as fusion proteins
DNA, coding for the epitope peptides were chemically synthesised as two overlapping 

oligonucleotides as depicted in Fig. 1. The synthetic sequence also contained appropriate 
restriction sites for cloning and in the case of the “monomer” insert a translational stop codon 
was incorporated as well. The two oligonucleotides were annealed (step 1) and the full double 
stranded state was achieved by enzymatic synthesis with Klenow polymerase (step 2). The 
product was amplified (step 3) and digested with the appropriate restriction endonucleases (step 
4). After gel-purification (step 5) the DNA was inserted into pGEX-4T-2 (Pharmacia) and 
transformed into E. coli DH5a cells (step 6). Transformants containing the insert were screened
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Fig. 1. Schematic diagrams of the construction of monomer (I) and multimer (II) variants of the 
fusion-expression plasmids. For details see the text.



Fusion proteins purified by affinity chromatography (Fig. 3) showed positive immunological 
reactions with the authentic BP patients’ sera (Fig.4).

1 2 3 4 5 6 7 8M
Ш6teö8

mm 80r r. =.- .-

AV

49

** «Й# 32

0.27
I

- : ' . I r^18

Fig. 3. SDS-PAG elctrophoresis of affinity-purified recombinant products. Lanes 1 and 8 - 
GST, lane 2 - GST-BP1; lane 3 - GST-BP2; lane 4 - GST-BP22; lane 5 - GST-BP111; lane 6 - 
GST-BP221; lane 7 - GST-BP1112. M: LMW markers in kDa. 12.5 % PAG, stained with 
Coomassie brillant blue. Each lane contains 5 jug of the relevant recombinant fusion product.
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Fig 4 Western blot analysis of recombinant fusion products demonstrated in Fig 3 with sera of 
patients suffering from BP. Panel A: Incubation with sera of patient Ro.I. reacted only with 
BPAG2. Panel B: Incubation with sera of patient D.L. reacted exclusively with BPAG1. 
Conditions of SDS-PAG electrophoresis were as described in Fig. 2 and 3. Electroblotted 
proteins were incubated with 200-fold dilutions of patients' sera for 4 h and anti-human IgG 
HRP (Bio Rad) for 1 h, respectively. Staining was performed with diaminobenzidine.



Utilization of the recombinant fusion peptides in test systems
In ELISA system, comparing to other methods, the recognition capacity of the recombinant 

fusion products was far the best with patients’ sera (Fig. 5) and sensitivity of the immune 
reactions i.e. the measured O.D. values always exceeded those which were obtained in the case 
of chemically synthesised peptides. Increased sensitivity of the immunological reactions was 
especially true for homologous or heterologous dimer and multimer products.

Fig. 5. Correlation of the results of ELISA and Western blot investigations according to 
different antigens. Reactivity of BP patients' sera (in %, axis of ordimates) with the three 
synthetic peptides (1), with the two recombinant monomer fusion variants (2), and with all of 
the recombinant fusion products (3). 4: Reactivity of the patients' sera by the Western blot 
technique with authentic autoantigens [7].

We concluded that the efficiency of our recombinant antigens in the test systems can not only 
explained by the avidity effect [8, 9], but measurable beneficial conformations of the fused 
peptides take place due to the GST partner which in the case of the solution of synthetic peptide 
epitopes can not be observed (I. Laczkó et al., unpublished results).
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A simple folding method for high level production of the hydrophobic disul
fide bonded hepatitis В X protein by inclusion body route and its structural 
analysis

I. Marczinovits3, J. Molnár3, M. Z. Keleb, P. T. Szabó*3 and T. Janákyb

Departments of 3Microbiology and bMedical Chemistry of Albert Szent-Györgyi 
Medical University, P.O. Box 8, 6720 Szeged, Hungary*

ABSTRACT

Insoluble inclusion bodies are frequently formed upon recombinant protein expression in 
transformed micro-organisms. As these inclusion bodies contain the recombinant protein in a 
highly enriched form, it is likely that the inclusion body route for production of recombinant 
proteins will remain commercially important. However, following inclusion body strategy, the 
main obstacle is to regain the native, active protein structure in considerable quantity. New 
folding procedures have been developed for efficient in vitro reconstitution of complex hydro- 
phobic, multidomain, highly disulfide-bonded proteins. Nevertheless, despite numerous ex
perimental data in this field, protein folding is an empirical science and optimal procedure has 
to be determined on a case-by-case base.

Here we demonstrate a solubilization and refolding protocol for the GST-X (glutathion S- 
transferase-HBVx) fusion recombinant protein. With rapid dilution of the protein solution into 
simple folding conditions (2.66 M urea, pH: 6.5, 4°C, air oxidation) renaturation process 
was carried out at 2-3 mg/ml protein concentration. The proper conformation of the recombi
nant protein was supported by complete separation of the fusion partners by Xa protease. Lo
calization of the disulfide bonds between cysteine residues in the refolded HBx protein was 
established by electrospray mass spectrometry (ESI-MS) combined with high performance liq
uid chromatography (HPLC). The disulfide linkages were between Cys3 and Cys137 , Cys61 
and Cys69, Cys17 and Cys143 while Cys115 was free.

INTRODUCTION

Hepatitis В virus (HBV) is an important virus because it can cause both acute and chronic 
hepatitis and has been linked to the formation of primary hepatocellular carcinoma [1]. The X 
gene is the smallest of the four deduced open reading frames (ORFs) of HBV DNA and has 
the potenciál to encode a 154 amino acid polypeptide with hydrophobic and disulfide-bonded 
characters. This protein may reveal diagnostic significance as there is connection between the

*This work was supported by the Hungarian National Committee for Technical Development (OMFB) No. 93- 
97-48-0543 and by the National Scientific Research Foundation (OTKA) T 026624.



progression from the chronic to malignant state of the disease and the expression of the X 
protein in infected hepatocytes [2]. To produce the X protein in reasonable quantity we have 
used the high expression vector system pGEX (Pharmacia) and large quantity of hepatitis В 
antigen (HBxAg) was prepared from inclusion body fraction of the E. coli cell lysine.

In the present paper an optimal in vitro refolding protocol for production of HBx protein is 
presented. As the X protein is a complex protein, to gain insight into the structural properties 
of the protein: how disulphide bonds form upon recreation of native conformation, positions of 
disulfide bonded cisterns were examined by electrospray mass spectrometric measurements 
that resulted in linkages between Cys3 and Cys137, Cys61 and Cys69, Cys17 and Cys143.

MATERIALS AND METHODS '

Plasmodia construction, expression and purification of GST-X fusion protein, cleavage 
and separation of the fusion partners were as described earlier [3] and described here briefly.

The truncated HBx gene was cloned through transient expression vectors into the fusion- 
expression vector pGEX-3X (Pharmacia), producing the pGEX-3XXBF recombinant plasmid. 
According to the cloning strategy, the X protein sequence was truncated by 9 and 11 amino 
acids and flanked by 6 and 4 amino acids at the N- and C-terminals, respectively.

E. coli DH5a cells harbouring the fusion-expression plasmodia construction was grown in 
LB medium and induced with 0.5 mm isopropyl b-D-thiogalactopyranoside (IPTG) for 3 
hours. Bacteria were harvested by centrifugation then treated with lysozyme and disrupted by 
sonication. The soluble and insoluble fractions of the E. coli lysate were separated by centrifu
gation.

The bulk of the GST-HBxAg fusion protein was selectively solubilized from the inclusion 
bodies by vortexing for 3-4 min in 8 M urea prepared with deionized distilled water at pH 6.5. 
The extracted GST-X protein was renatured by diluting the protein solution at 6-9 mg/ml in 8 
M urea with two volumes of deionized distilled water. In the refolding step, disulfide bonds 
were formed by air oxidation during the storage of the protein solution in 2.66 M urea for one 
day at 4°C.

The renatured fusion protein was digested with with Xa protease in vitro at 2-3 mg/ml at a 
substrate to enzyme ratio of 50:2 (w/w) for 3 hours. The cleavage reaction was carried out in 
deionized distilled water containing 2.66 M urea at pH 6.5 and 25°C. The cleaved fusion part
ners were further separated on FPLC Superdex 75 column (Pharmacia). Purification and sepa
ration procedures were analysed by electrophoresis in 15 % SDS-polyacrylamide gel (SDS- 
PAG).

Identification of disulfide bonds: Following protease cleavage, the GST-HBx fusion protein 
was reacted with vinyl-pyridine to alkylate free cysteine(s) and separated in native SDS- 
Tricine-PAG. Band with 16 kDa molecular mass was cut from and digested in the gel by tryp
sin [4]. The digested fragments were eluted from the gel, separated and analysed by capillary 
reversed phase HPLC coupled to the mass spectrometer (Finnigan TSQ-7000, Finnigan MAT, 
US). The HPLC system contained ABI 140C syringe pump and 785A UV detector (ABI, US). 
Elution was performed with a 70-min linear gradient from 5-90% solvent В (0.04 % TFA in 
80 % aqueous acetonitrile) in solvent A (0.05% aqueous TFA) on reversed phase column 
[32x250 mm, C-18 (300 Á, 5 pm), LC-Packings, Netherlands]. A theoretical tryptic digestion



was made by a computer program where all the possible alkylated and disulfide bonded cyste
ines were generated. These date were compared with the molecular weights of peptide frag
ments found by the HPLC-ESI-MS analysis [5].

RESULTS AND DISCUSSION

Purification and renaturation of GST-X fusion protein
More than 80% of the GST-X fusion protein was accumulated in inclusion bodies. Taking 

into account that protein folding processes are not strongly affected by other proteins in the 
renaturation environment, rigorous purification of the inclusion body protein may not be a pre
requisite for efficient refolding. Therefore, we followed a quick selective solubilization proce
dure using deionized distilled water at pH 6.5 in the presence of 8 M urea. Upon a short time 
of extraction by vortexing high purity and large quantity of fusion protein were obtained (Fig. 
1A, lane 2). Selectivity of the extraction and solubility of the dissolved fusion protein could 
only be obtained at pH 6.5. Increasing the pH of the extraction buffer to pH 8.0 resulted in 
not only considerable impurities derived from the E. coli (not shown) but greatly enhanced 
tendency to precipitate of the extracted protein.
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Fig. 1. Digestion of the GST-X protein with factor Xa after refolding (A) and analysis of the 
gel filtration process by electrophoresis in SDS-PAG (B). (A) Lane 2: selectively solubilized 
and refolded fusion protein Lane 1: proteins of enzymic reaction after 3 h digestion. Reaction 
conditions were as described in materials and methods. Lane 3: molecular mass standards in 
kDa. The position of the fusion protein (fp), glutathione S-transferase (GST), and the pX 
equivalent are indicated (B) Lane 1; protein sample before loading onto the Superdex TM 75 
HR FPLC column, lanes 2-8 represent proteins from the peak fractions. Lane 9: marker pro
teins in kDa. Electrophoresis was performed on 15% SDS-PAG, and stained with Coomassie 
Brillant blue.



The latter may be due to the high isoelectric point (1=8.5) of the X protein. Although the 
structural characteristics of the X protein (52% of the amino acids in the protein is hydropho
bic and the protein contains disulfide bonds) may also be a potential reason. As a result of the 
selective solubilization, 10-15 mg of fusion protein can be obtained from 100 ml of culture.

Refolding of solubilized inclusion body proteins is usually performed by dilution or dialysis. 
Prediction for the preference of refolding of a particular protein by dilution or by dialysis can 
not be given. Both approaches can be beneficial as well as detrimental for correct folding. 
Therefore, the optimum procedure has to be found and is protein-specific. In our case, rapid 
dilution of the denaturant proved to be beneficial for renaturation of the inclusion body protein 
without any precipitation at relatively high concentration (2-3 mg/ml). In contrast, gradually 
removal of the denaturant by dialysis induced quantitative precipitation of the protein and re
sulted in a soluble form of that up to 200 pg/ml only. The above phenomenon may be the con
sequence of the population of folding intermediates at an intermediate denaturant concenration 
which induces quantitative precipitation.

Following cleavage of the fusion partners the X protein contains seven cysteine residues. 
Therefore, having formed a compact conformation under the particular folding technique we 
addressed the question at what variation of covalent disulfide bonds were generated. The exact 
positions of disulfide bonds could be given by mass spectrometry measurement.

Cleavage and separation of the refolded GST-X fusion protein, respectively 
The advantageous conformation of the GST-X fusion protein was reflected by the fact that 

the enzymic reaction by Xa protease was already complete after a 3-h incubation period at 25 
°C (Fig. 1A, lane 1). After proteolytic cleavage the GST and the viral partner were separated 
on a Superdex 75 FPLC column. The peak fractions were analysed for their purity by means of 
SDS-PAG electrophoresis (Fig. IB). Pure fractions of the X protein were collected and stored 
at -20°C.

Identification of disulfide bonds
Two alkylated fragments with molecular weights of 792.2 and 1985.8 were found (Fig. 2, a 

and b; Fig.3, A and В ). These fragments were missing from the LC-MS chromatograms of
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Fig. 2. Mass chromatograms of disulfide bonded peptides. The figure contains LC-MS data. 
The а-f traces are selected ion chromatograms of specific ions where peaks are related to sam
ple fractions.



the tryptic digestion of the nonalkylated protein (not shown) indicating that only the cysteine at 
position 115 is free and the other 6 ones are disulfide bonded.

Two fragments with molecular weights of 1535.9 and 2164.9 indicate that the cysteines at 
position 3 and 137 are connected (Fig 2, c and d; Fig. 3, C and D). The second fragment origi
nated from incomplete digestion of X protein by trypsin as identified by multiple charged ions.

Two peaks have been found in the mass chromatogram of the ion of 1082.3 (Fig. 2, d). 
The first one is the doubly charged molecular ion of the disulfide bonded peptides, the second
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Fig. 3. ESI mass spectra of identified cysteine-containing peptide fragments



one is related to the auto digestion of trypsin (Fig. 2, d). Two peaks were found in the mass 
chromatogram of ion m/z=774.1 (Fig. 2, e). This species might be the doubly charged ion of 
the disulfide bonded peptide fragment 61-69 having the molecular weight of 1546.9 (Fig. 3, E). 
In order to determine which peptide fragment contains the disulfide bond, both peptides were 
reduced and pyridylethylated. The mass spectra of non-alkylated and alkylated peptides indi
cate that the first peak contains the peptide with disulfide bridge between cysteines at positions 
61 and 69 (Fig. 3, F). The other peptide fragment originates from the autodigestion of trypsin.

The only possibility for the third disulfide bridge is the disulfide bond between the cysteines 
of 17 and 143. The molecular weight of a tryptic fragment with this connection is 2090.3 (Fig, 
3, G). This molecule has been found and can be seen in the mass chromatoram of ion 1046.6 
(the doubly charged molecular ion) (Fig. 2, f). Not only the doubly but the triply charged ion of 
this fragment can also be detected in the mass spectrum (Fig. 3, G).

On the bases of these data it can be concluded that the Cys 115 is free, and three disulfide 
bonds can be found between Cys^*-Cys137; Cys61-Cys69 and Cys17'Cys143 (Fig. 4).

.A unique arrangement of disulfide bonds of HBx expressed in E. coli as inclusion body 
protein was determined in [6] which differ from our findings. That may be due to the differ
ences of the two viral DNA and protein sequences.

3 17
GCTS7PPARDVL£LRPVGAESRGRPFSGSLGTLSSPSPSAVSTDHGAHL

6961
SLRGLPVqAFSSAGPg^LRFTSARRMETTVKAQPFLPKVLHKRTLGLSV

115 137 143
MSTTDLEAYFKDDLFKDWEELGEEIRLKWVLGGORHKLVIÖG7VSS'

Fig. 4. The amino acid sequence of the cloned HBx protein indicating the positions of the di
sulfide bonds. Bold letters represent the amino acid residues of the X protein flanking with se
quences derived from the cloning vectors. 3* indicates cysteine residue has been originated 
from the transient cloning vector.

Here we report an optimal and convenient refolding method for a rather hydrophobic, 
and disulfide bonded viral protein, HBx. To characterize the outcome of the oxidative 
refolding process we have applied mass spectrometry and determined positions of disulfide 
bonds within the HBx protein.
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