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INTRODUCTION

The introduction of radiocactive lsotopes into
Investigative medlcine legs than two decades ago has alded
greatly in the understanding of the processes of abgorptlon,
utilization, turnover and excretlon of many blologlcal
substances; the advances in the knowledge of the mechanlsms
of normal and abnormal haemopolesls have been at least as
substantial as those ln other disclplines. Several lsotopes
are avallable for labelling erythrooytes, leukocytes and
platelets, and three lmportant haemopoletlc bullding blocks,
namely, iron, cyanocobalamin and folate, are avallable in
one or more radloactlve forms.

The radloactive lsotopes used in the investlgation of
vitamin 312 metabollsm fulflil several of the important
criteria laid down for biological acceptabllity; the radio-
actlve cobalt atom ié an lntegral part of the molecule, and
not an extraneous "tag", and labelllng 1s thersfore specific.
However, for a number of reasons, lnvestigations of wvitamin
B12 metabollism have not proceeded as far as comparable studies
of ilron metabollism. These reasons include:

1) the vitamin is physiologlcally actlive in relatively
low concentratlions;

11) ‘the radloactive isotopes generally used have
specific activity so low as to maeke 1t dlfficult,

1f not lmpossible, to carry out investigations



with truly physilological quantitles;

11i) cyanocobalamin hags a number of blologically actlve
analogueg, and it ls gtill not certaln in which
form or forms the vitamin exlsts in man;

iv) whereas iron ls transported in plasma by a specific
binding proteln, transferrin, there are at least
two gpecific In vivo binding protelns for vitamin
512' and the lnterrelatlon between these two
speciflc binders, which 1s stlll not clarified,
nay be altered in disease;

v) whereas iron is bound in vitro by transferrin only,
vitamin B12 1s bound by a number of electrophor-

etically separable protein moleties.

Purpoge of the Praegent Study

In general terms, a study of the plasma proteln binding
of vitamin B12 has relevance ih at least three areass first,
plasma protein binding of wvitamin B12' egpecially in vitro,
lg a facet of the metabollsm of the wvitamin which ls not
fully understood; second, there are importent aspects of
protein chemistry involved; and third, an understanding of
the abnormality of protein binding of vitamin B12 gaen in
myeloid leukaemla may well throw some light on the understend-
Ing of thles disorder.

The several speclfio, and Interrelated, alms of the

present study are:-



1) to evaluate critlcally the dlalysls method of
measurement of wvitamin B12 binding capacity 1in
vitro, and to evolve a sgtandardized method which
takes into account those factors which produce
varlation in bindings

11} to investigate, by different methods of proteiln
separation, the in vitro binding of vitamin B12
in normals, and in those situations where
vitamin B12 bindling 1s abnormal, such as chronic
myelold leukaemlsa;
111) to assess the effect of Leukooytes on vitamin 512
binding by plasma proteins:
iv) to investigate the vitamin B12 binding properties

of ilsolated protein fractions.

Significance of Resgults.

It 1s considered that the following oconolusions may be
drawn from the results of the material presented and discussed
An this thesls, and that these concluslong are original
obgervatlons:-

1. That a method of moasurement of in vitro vitamin
312 binding capacity of plasma.proteins has been
degerlbed which takes into consideration a humber
of variable factors;nat:prqvibﬁsly assegsed In

other methods; o




2. That in vlitro binding of vitamin Blz to an
abnormal proteln in myeloid leukaemis occurs
preferentially, and not as an overflow phenomenon
followling upon saturation of normal binding
protelns;

3. That separated Gy acld glycoprotein will bind
glgniflicantly more vitamin B12 added in vitro
than all other protein fractions;

L., That increased in vitro binding can occur in
patlents wlth myelold leukaemla at & time when
the leukocyte count 1ls normal, ag a result of
therapy. It has been consldered previously that
the lncreased cepacity for binding vitamin B12
was seen characteristically 1n patients with
untreated myelold leukaemla, and that this
Increased binding capaclty fell towards normal
when treatment was instltuted to lower the total
leukocyte count and eliminate primitive forms
from the perlpheral clrculation.

In addition, evidence is presented which adds to, and
extends, prevlious knowledge in this field. It has been
shown that:-

* Increased binding of vitamin B12 to plasma proteins

takes place in patients with myelold leukeemiaj



The abnormal vitamin Bl2 binding protein in myeloid
leukaemia has many of the characteristics of Uy
acld glycoprotein, or a component of this protein
complexs

* Normal granulocytes, or the breakdown products of

normal granulocytes, may influence plasma protein

binding of wvitamin 312 added in wvitro.

Format of the Thesis.

The format of this thesis is a conventional one; three

features only require comment.

1) In the light of recent statements concerning thesls
references (Witts, 1967), the references in thig
thegls are given in full,

11) Two case higtorles are appended in detail (Appendix A)
because of the importance of findings in these two
patients to cexrtalin of the material contailned in
the thesis.

111) In addition to the two papers attached, several other
papers based on thls materlal have been presented
at meetings of the Australian Soclety for Mediocal
Research, the Heematology Soclety of Austrelia, and
at the XIth Congress of the International Soclety
of Haematology, Sydney, 1966; & list of these papers
lg attached at Appendix C. A further list of
publicatlons of material contailned in this thesis



1s attached at Appendix B, including a number of

abstracts of pepers referred to in Appendix C.

Conventions

1) The references for this thesis are styled in the
manner lald down ln the World Medical Assoc-
lation's publication, "World Medical Feriodicals",
3rd edition, 1961.

11) The following conventlons of terminology have been
obgerved throughout the thesis:

(a) except where otherwlse specifically indicated,
the term "Vitamin B12" 1s understood to
refer to cyanocobalamin. In general, the
terminology used by authors whoge work is
referred to in the literature review hasg
been malntalned in thls respect.

(b) the term "myelold leukesemis" has been used
throughout the work, and this term is used
to cover other synonymous (or nearly
synonymous) termg used by various authors,
including granulocytio leukaemis and
myelocytic leukaemla.

(o) the units of measurement of vitamin By, used

are in general, those used by the authors



referred to in the literature review;
thus, in some parts, the terms nanogram
(ng.) and picogrem (pg.) are used, and
In other parts millimicrograms (mpg.)
end micromicrograms (umg.) are used,
according to the style of the authors.

(d) the only abbreviations used in this thesis
are thosge referring to bacteria guch as
Lactobacillus leichmamil (abbreviated ag
L., leichmandi) and Buglena gracllis
(ebbreviated as E. gracilis) and those
referring to certaln chemlcals in which
the commonly used name i1s a shortened
form of the correct chemleal name,

e.g. DEAE cellulose ls used for
diethylaminocethyl~cellulose, CM cellulose
ls used for carboxymethyl-cellulose, and
the term "tris" 1s used for tris (hydroxy-

methyl) aminomethane.



