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The cytoplasmic methyltetrahydrofolate: corrinoid/iron-sulfur protein
methyltransferase (MeTr) is a key protein in the Wood-Ljungdahl pathway of CO,
fixation. It reversibly transfers the N°- methyl group from methyltetrahydrofolate (CH3-
Hafolate) to the Co(I) nucleophilic center of either free cob(l)alamin or its natural
acceptor, the corrinoid/iron-sulfur protein in the reductive acetyl-CoA pathway for CO,
fixation. No crystal structure of a methyltetrahydrofolate methyltransferase has been
determined to date. The MeTr structure was determined at 2.2 A resolution by
multiwavelength anomalous diffraction methods. The overall architecture of MeTr is a
TIM barrel. This represents a new functional class (number 20) of the versatiie TIM
barrel fold. The MeTr structure is surprisingly similar to the crystal structures of
dihydropteroate synthetases despite sharing less than 20 % sequence identity. This
includes extensive conservation of the pterin ring binding residues (D43, D75, N96,
D160) in the bottom of the polar active sites of the methyltransferases and
dihydropteroate synthetases. The biggest structural difference between these enzymes is

in a loop structure above the active site. It is quite open for MeTr, suggesting a probable
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cobalamin (or corrinoid) binding site. Such structural solution fits a general trend for
cobaimide enzymes. A TIM barrel embeds the relatively unreactive substrate and the
cobamide, bound to other protein moiety (subunit), closes the C-terminus top of the
barrel forming an isolated reaction cavity. Our results are consistent with either a "front"

or "back" side protonation of CH3-H4folate, a key step in the mechanism of MeTr.
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(D,L)-Selenomethionine was purchased from Sigma. (6S,6R)-Methyitetrahydrofolate was
purchased from Schircks Laboratories, Switzerland. 6S-Methyltetrahydrofolate was a gift
from SAPEC SA, Lugano, Switzerland. Isopropylthiogalactaside (IPTG) was bought
from GIBCO. The met B834 cells and pET3a expression vector were purchased from
Novagen, restriction enzymes from New England Biolabs, Perkin-Elmer machine and
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medium ingredients from DIFCO. All other material were purchased either from Sigma

or Fluka and used without further purification.
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I INTRODUCTION

A. Overview of the thesis

This thesis summarizes the path toward the successful structure determination of
methyltetrahydrofolate: corrinoid iron-sulfur protein methyitransferase (MeTr) from C.
thermoaceticum. That was made possible through successfully completing numerous
tasks: (a) subcloning the MeTr gene into a pET3a expression vector; (b) improving the
purification of MeTr by a heat treatment step; (c) fully substituting Se-methionine into
the protein; (d) performing multiwavelength anomalous (MAD) experiments at the
Stanford synchrotron (SSRL); and (e) determining the MeTr crystal structure by MAD
phasing. In the course of this work, homologs of MeTr were identified. It was also
possible to develop a model of how MeTr interacts with its substrate, the corrinoid iron-
sulfur protein (CFeSP). These steps are important in understanding the mechanism of
methyl transfer for this enzyme and in this class of B2 —dependent methyltransferases in

general.

The thesis is therefore divided into the following chapters: (1) Introduction, (2) Obtaining
MeTr, (3) Crystallization of MeTr, (4) MeTr Structure Determination and Modeling, and
(5) Discussion. The Introduction will familiarize the reader with MeTr from C.
thermoaceticum, its role in the acetyl-CoA pathway of anaerobic fixation of CO,, its
relation to other cob(I)amide dependent methyltransferases, and all methyl transfers, the
importance of understanding the reaction chemistry, and its implications on basic

biochemistry, environmental and medical applications. Chapter 2 will summarize the
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protocol for obtaining highly pure and active MeTr. Chapter III will introduce the reader
to the art of protein crystallization and the specific experiments for obtaining crystals
from MeTr, CFeSP, and CODH/ACS. Chapter [V will describe all the steps in the
experimental determination of the MeTr structure, starting from data collection, phasing,
refinement of the model, description of MeTr structure, and an outline of the modeling

studies. Chapter V will emphasize the on meaning of the resuits.

Some common experimental protocols are included in the different Appendices following
the appropriate part. In addition, an electronic copy of the complete thesis, structure
model coordinates, datasets, scripts, and additional material will be saved on a CD-ROM

disk.

B. MeTr and Wood-Ljungdahl Acetyl-CoA pathway

Methyltetrahydrofolate: corrinoid/iron-sulfur protein methyltransferase (MeTr) catalyzes
formation of the first organometallic intermediate in the Wood-Ljungdahl pathway of
anaerobic CO; fixation (Figure I-1)(1)(2)(3)(4)(5)(6)(7). This protein catalyzes methyl
group transfer from (65)-methyltetrahydrofolate (CH3-H4folate) to cob(I)amide. The
resulting metal bound intermediate CH3-Cob(III)amide is then transferred to another
metal center in the bifunctional enzyme carbon monoxide dehydrogenase/acetyl-CoA
synthase (CODH/ACS). CODH/ACS combines the methyl group, CO, CoA to form

acetyl-CoA. The overall stoichiometry is one acetyl-CoA molecule formed from two
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