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ABSTRACT

The overall objectives of_this work were the development

of'a) fluorinated maleimides for the specific modification of

protein sulfhydryl groups and subsequent 19 F- nmr studies and

br-fluorinated phospholipids for the study "of protein-lipid

19interactions by F-nmr. Two fluorinated analogues of

N-ethylmaleimide, N-2,2,2-trifluoroethylmaleimide (FEM) and a

deuterated analogue N-2,2,2-trifluoro-l,l-dideuteroethyl-"

maleimide (FEM-d?) were synthesi=ed from trifluoroacetamide in
. -

three steps. A detailed kinetic study showed that FEM reacted

at least 10 times faster with thiols than with either other

amino acid side chains namely imida=ol~ amines, alcohols or

water. The ,rates of reaction between FEM and thiols increased

ten-fold ~or each unit increase in pH, in addition, apparent

activation parameters were determined for these reactions at pH

6.65. The FEM-thiol adducts were also isolated and fully

characteri=ed.

Bovine serum albumin (BSA) on exposure to FEM-d
Z

reacted

rapidly at the single sulfhydryl residue exclusively. On the

other hand, 3-bromo-I,I,I-trifluoropropaoone reacted with BSA at

the sulfhydryl group and at other sites on the protein to the

extent of ZO~. The neutral to fast (N-F) transition of BSA was

examined by 19 F- NMR following modification of the protein'with

FEM-dZ (BSA-FEM-dZ ) or Br-TFP (BSA-TFP)

3.0-6.0 at least three distinct 19 F- NMR

iii
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Over the pH range

resonances were



observed for both modified proteins; the linewidths, chemical

shi fts" and peak areas of these reso"nances changed 8S l1.. funct ion

of pH. Circular dichroism and fluorescence spectra of mod1fie~

_lUld unmodified BSA proteins in "the pH 3.0-6.0 range were

indistinguishable indicating that the

sulfhydryl labels" caused little structural perturbation to the

protein. At pHs above 8.0, BSA-FEM-d~ underwent an

irreversible chemical reaction; likely opening of the

succi~imide ring by an amino group of the protein. Chemical

calorimetric studies.

shift anisotropy contributions to the 19 F_nmr linewidths for

both BSA-FEM-d2 and BSA-TFP increased linearly on going from

84.66 to 235.36 MH=.

Two phospholipids fluorinated 1n the acyl chains were

synthesi=ed for the purpose of incorporating them into vesicles

with lipophilin, an integral membrane protein; bis-8-fluoro,

8-deutero- and bis-12-fluoro, 12-deuterodimyristoylphosphatidyl-. .,
choline were synthesi=ed and characteri=ed by -H-nmr and

However, 19 F- nmr studies of

lipophilinjfluorolipid mixtures showed no evidence for the

presence of any immobilized or "boundary lipid" around the

protein. In addition, lipophilin was modified with FEM-d2 b~

19 F "t-nmr experlmen s provided no information about the

environment of the FEM-d
Z

labelled cysteine residues of the

protein.
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CHAPTER ONE

.INTRODUCTION

The study of proteins and other biological molecules by

nuclear magnetic resonance has become increasingly popular over

the past twenty years. This increased popularity is reflected

by an approximate ten-fold increase in the nmr literature

(-50-500 papers/year) over this peiod. The work presented in

this thesis deals primarily with 19 F- nmr studies of two

proteins;; the first, bovine serum albumium (BSA), .a protein

soluble in aqueous solution and the other lipophilin a myelin

intrinsic membrane protein in a reconstituted fluorophospho-

lipid matrix. Prior to a review of nmr methods which have

been used in soluble protein. and membrane lipid protein

studies, a general overview of proteins and lipids will be

This overview will deal first with general aspects of

the structures of proteins and lipids and -secondly wit.h the

physical and chemical methods for the study of these systems.

Subsequently, a general review of nmr methods and studies

. 1 d' d' . f 19 F . 11 b t dInc U lng a lSCUSSlon 0 -nmr Wl . e presen e .

1.1 Proteins - General Introduction

Proteins are biologically important polymers wh9se

monomer units consist of any'of the 20 naturally occurring

amino acids (Table 1) that in turn are linked by peptide

(amide) linkages (Figure la).1,2 The molecular weights of

proteins range from 5,000 D~ltons (or atomic mass units, amu)

1


































































































































































































































































































































































































































































































