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APPLICATION OF T4 COVALENT FUSION FOR STRUCTURAL STUDIES OF
BACTERIAL MEMBRANE TRANSPORTERS

Gerda Szakonyi, Emese Zsuzsanna Galgéczi, Eszter Rajki

University of Szeged, Faculty of Pharmacy, Institute of Pharmaceutical Analysis, H-6720
Szeged, Somogyi u. 4.
e-mail: szakonyi.gerda@szte.hu

Investigation of the transmembrane proteins found in bacteria is important, among others, to
gain knowledge how to effectively control certain pathogens. Molecular chaperones such as T4
lysozyme or antibodies are found to be efficient for studying the structure of membrane
proteins. Our aim is to covalently fuse T4 lysozyme to the C terminus of Hemophilus influenzae
H10610 membrane protein to study the structure of this fusion protein by X-ray crystallography
after cloning, expression, purification and crystallization.

H10610 transmembrane protein was cloned into pTTQ18 plasmid by using recombinant DNA
technology. T4 lysozyme was covalently fused to the target protein during the cloning. The
protein expression was followed by SDS gel-electrophoresis to investigate the presence of the
required macromolecule. Optimization of protein expression was also performed where IPTG
concentration, temperature and time dependence were tested. Subsequently, the protein was
purified by affinity chromatography and the efficiency of Ni-NTA and Talon resins was
compared. The target protein was further purified by size exclusion and ion exchange
chromatography.

T4 lysozyme was successfully fused to HI0610 fucose-proton symporter by genetic
engineering. Gel-electrophoresis confirmed that the target macromolecule was expressed in an
appropriate amount. Optimal conditions for protein expression were the following in Luria-
Broth medium: 37°C, 12 h of induction time, 0.5 mM IPTG. During affinity chromatography,
the target protein was recovered in high purity. Investigating the eluted proteins obtained during
protein purification using two affinity columns, we concluded that the Ni-NTA resin bound the
target protein more efficiently than that of Co?" ion containing Talon resin. However, after
affinity chromatography further purification steps were necessary to reach the highest protein
purity. Therefore, size exclusion and cation exchange chromatography were also performed to
remove the contaminating proteins.

The final analysis of the purified concentrated sample revealed no detectable contaminations
even by the sensitive silver staining and become suitable for crystallization and structural
studies.
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INTRODUCTION

o Aim: structural and functional characterization of
Hemophilus influenzae membrane transporter

o L-fucose/proton symporter: HIO610
o Major Facilitator Superfamily (MFS)

— Homology with eukaryotic proteins
— Potential pharmaceutical drug target
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Kumar, S.; Lekshmi, M.; Parvathi, A.; Ojha, M.; Wenzel, N.; Varela, M.F. Functional and Structural
Roles of the Major Facilitator Superfamily Bacterial Multidrug Efflux
Pumps. Microorganisms 2020, 8, 266.
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STRUCTURAL DETERMINATION OF MEMBRANE

o Difficulty in membrane protein
crystallization:
— Limited possibilities for protein protein
interactions = increasing the structurally
ordered extramembrane domains

o Solution: crystallization chaperon protein

—covalent fusion - T4 lysozyme

N e el
T4 lysozyme 3EML 2.6
_ T4 lysozyme 3QAK 2.7
T4 lysozyme 2RH1 2.4
T4 lysozyme 3SN6 3.2
T4 lysozyme 30DU 2.5
T4 lysozyme 3PBL 2.9
T4 lysozyme 3RZE 3.1
T4 lysozyme (non-  3SN6 3.2
covalent)

Raquel L. Lieberman, Jeffrey A. Culver, Kevin C. Entzminger, Jennifer C. Pai, Jennifer A.
Maynard, Crystallization chaperone strategies for membrane proteins, Methods, Volume 55,
Issue 4, 2011, Pages 293-302.

o Topology prediction:

PROTEINS

— SOSUI program (Nagoya University, Japan)

— Affinity group: His-Tag
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METHODS

o Recombinant pTTQ18 — HIO610 — T4
1 Transformation (heat shock)

o BL21(DES3) E. coli strain

1 IPTG: Isopropyl B-D-1-thiogalactopyranoside

o Expression

1 Water lysis

o Purification

Long term goal:

High scale purification
Functional characterizatio
Crystallization

Structural determination

Water lysis




GENETIC ENGINEERING
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RESULTS — SDS-PAGE

o Expressiontest o Optimization of IPTG concentration
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OPTIMIZATION OF INDUCTION TIME
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AFFINITY CHROMATOGRAPHY

o Purification: aff1n1ty chomatography o Sample after Ni-NTA affinity
chromatography
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o AKTA FPLC system, Superdex 200 column

mAU

SIZE EXCLUSION CHROMATOGRAPHY

o Fractions on SDS PAGE
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ION EXCHANGE CHROMATOGRAPHY

o AKTA FPLC system, Resource S column
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CONCENTRATED SAMPLE ON SD3-PAGE

Coomassie Brillant Blue Silver staining
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DISCUSSION

o Successful HI 0610 target protein C-terminal T4 lysozyme fusion

o The optimal conditions of protein expression and purification are:

— 0.5 mM IPTG
— 37°C

— LB medium
— 12h

— Ni?* resin

o The application of size exclusion and ion exchange
chromatography resulted in high purity of protein
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