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1. " INTRODUCTION

1.1 General Aspects

Since the development of penicillin by Florey and
Chain (1) for therapeutic use, there has been an almost

continuous search for new antibicties. In such a search '

‘various strains‘of Streptomyces verticillﬁs nativé to fhe

soil of a:coai mining district of Japan were'invesfigate&.
From one such sample aﬁ antibioﬁic complex wés~iéoIa£ed as a
éopper containing blue powder which inhibited Gram-positive

~ and Gram-negative bacteria and Erhlich carcinoma. This group
.of closely related aﬁtibiotics were termedithe bleomycins (2);
they were soluble in wgter~and methanol but insoluble in other
organic solvents. The bleomycins were identified as sulphﬁr-
containing, basic glycépeftides (2) and could be resolved by
ascending paper chromatography into two groups, the A.and B.
type bleomj;ins. The bleomycins have the general structufe
shown in Fié. 1 and differ in structure fromrone another only
in theixr terminal amine éomponents~(Tahle 1) (3) (4). The
bleomycins have a close structural relationship with énother
group of antibiotics, the phleomycins (Fig. 2). The phleo-

nycins are also produced by certain strains of Streptomyceé

verticillus and like the bleomycins are isolated as .. copper
containing blue powders (5). Both groups of antibiotics
“have similar biological and chemical properties and inhibit the

growth of certain experimental tumours (6) (7).









Table: 1 Terminal Amine Paris of the Bleomycing:

Blecmycin

Ay

Desmethyl A2

Terminal Amine ' ‘Name of Parent Amine:
~NE~(CH,,) -So-cn3 (3-aminopropyl)~" .methyL
' 3 ' sulphonium -
—NH-(CHZ) -S-CHy (3~aminopropyl)-methyl
3 sulphide
4 .
-NH-(CHa) --s--CH3 (3-aminopropyl)~dimethyL
: 3 sulphonium salt.
CH., :
3
~-NH-{CH_) -NH Putrescine
&y 2
~NH~-(CH_) -NH : Diaminopropane
2 2
3 .
-NH-(CHESJ[:—j:F ' Histamine |
" .

~NE-(CH.) -NH~(CH_) -NH: Spermidine
2" 27, 2

—NH—(CHZ) ~NH-(CH,,) -NH(cHa) ~NH;  Spermine

3 b 3
—NH2 _Ammonia
IﬁH
,—NH—(CHZ)LF—NH—C-NHE . Agmatine

-NH—(CHZ]. —-NH—C‘—NHa-(CHa) NH-C-NH, N—(4-amino-
4 | “4 | butyl)-N’—
NH: NH (4-guanido-

' butyl)-guanidine



The phleomycins were considered to exert their anti-tumdur
effect by inhibiting DNA synthesis (8) and were thought to
have considerable potential as therapeufic anti;tumour agents
buf.unfortunately they produced irreversible renal toxidity
in dogs (?)-- The bleomycins also showed rensl toxicity but
unlike the phleomycins, this toxieity was reversible (7);
‘Later Ichikawa and corworkersrfound thaf-bleomycin had a
therapeutic effect on squamous cell caréinoma (9?.

The major therapeutic uses of bleomyCiﬁ are in thé-
treatment of squamous cell carcinoma and lymphbmas €ege
. Hodgkinis disease. It is apparently not successful agaiﬁst
lung cancer by itself but bleomycin-containing éombinétions
appear to be active in the treatment of lung squamous cell
carcinoma (26) (27). It is active against many experimental
tumours e.g. Ehrlich carcinoma, solid and ascites sarcoma 180,
spontaneous lymphosarcoma in dogs.. This anéineoylasfic
activity probably results froﬁ interference with ﬁNA activity
and: DNA synthesis (22).

Bleomycin is supplied commercially és a freeze-dried,
copper-free mixture of several bleomycins, it consists of at-
least 65% b}eomycin AZ and approximately 25-32% bleomycin Ba.
Upper limits are set for bleomycins A’E and B, (less than
1%) since these bleohycins are exceptionaliy toxic. The

need to purify the bleomycin complex from the culture filtrate

of Streptomyces verticillus and to separate the various-
bleomycins from each other gave rise to considerable

investigations.



1l.2 Purification of bleomycins

There are several purification steps in the commercial
extraction of bleomycins from the culture filtrates of

Streptomyces wverticillus (10). The filtrate is first passed

down an Amberlite IRC—SO‘cafion-exchange resin in the q* form
‘_and the bleomycins adsorbed dnto the resin, They are’then
eluted with dilute hydrochloric acid.. The complex is then
dissolved in methanol, converted to the copper (II) ;helates
-and then subjected to alumina cqumn'chromatography ﬁsing
methanol as the mobile phase. The next step in purification
involves Sephadex G~25 column chromatography which splits

the antibiotic complex into itwo fractions A and B. Carboxy-
: methyl—Sephadéx:C;ZS column chromatography using an agqueous
ammoniﬁm formate £T0.05 ~ 1.0 M / gradient elution procedure
resolves each fraction into several componentst fractién E

is resolved into six active components A ~-A6 and’ fraction B

1

split dinto five components Bl - Bs.. Each separated fraction
has been invéstigated by paper chromatography, thin-layer
chromatography and high~voltage elecfrophoresis (10)

Table 2). The t.l.c. jrocedure has been eitensively'used

to separate copper=-free bledmy@ins and copper=-chelated
bleomycins. rMore recent separation procedures involve

high pressure liquid chromaéography (11) (12). - H.p.l.c.

has been used to resolve several complex mixtures of |

antibiotics (13) and has the merit of being a relatively

mild yet simple procedure. The h.p.l.c. methods used to

e 6 -



Table 2

Rf and Rm values obtained for each copper (II)
bleomyein component (10). The Rf values wefe‘obtaine&
usiﬁg Silica Gel G and 10% Amponium acefate—methanol (1:1).
The Rm values refer to high voltage electrophoresis (2000 Vv
and 25 mA), buffer system formic acid-acetic acid-watef
(25:75:900 by volume, pH 1.8). The Rin values were calculated

taking L-alanine as the reference compound (Rm = 1)

Bleomycin Coﬁponent Rf Rm_

Ay 0.7 | 0.66

Ap 7 0.40 .79
A3 , 0.13 : 0.91
Ay | | Q.49 0.92 .

'AE . 0.5 : 0,84
Ag 0.30 0.8k
By - | © . 0.75.. - 0.58
Ba 9.68 0.7k |
By 0.68 0.8
34 - 0.60 0.78
B5 0.52 0.86



resolve the bleomycin complex have so far been relatively

lengthy procedures and take several hours to achieve: separation.

1.3 Structural features

The structures of the bleomycins have been elucidated
(14) (15) (16) (17}_(18) (60). The peptide moiety of. the
bleomycins (Table 3) consists of (i) L-{3-amino-alanine amide:
linked via a ﬁ -émino group to !3 -methine of (’»+—aminc_>-6- ‘
carboxy—S-methyr~pyrimidin—a-yl) propionic acid ;hich is
considered to form a ﬂ-lactam ring with the {3 -amino groupe.
(ii) L-erythro-[3-hydroxyhistidine
kiii) (28,35,4ﬁ)~4~amino-3 hydroxy=-2~methyl-n-valeric acid. ~
(iv) ‘L-thlreonine. |
(v} 2'-(2-aminocethyl)2,4'-~bithiazole-4 carboxylic acid and -

terminal amine. \

The sugar component of the bleomycins (Table 4) consists
of 2-0-(3-0-carbamoyl—bﬁ-D—mannoPyranosylj-L-égulose and is
linked via an ©of ~glycoside bond 'to the hydroxyl group of ﬁ -
hydro#y histidine.

The major structural differehce between 'Ehe bleomycins
and the phleomycins is the sulphur containing heterocyclic
ring system, bleomycins have two thiazole rings (bithiazole
acid) while phleomycins have a dihydrobithiazole component.

i’c is possible to convert certain phleomycins into the
'corresponding bleomycin (15) by treat_ing an ac.;ueous solution
of the phleomycin with manganese dioxide oo phlgomyéin Dy

can be converted into dehydrophleomycin Dy (Bleomycin Ba).'

-8 -
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The amine composition of the bleomycin complex may
be altered by adding a particular amine e.ge. spgrmine to the
culture media (3).. This not only gave rise to the preferential.
production of the:bleomycin cbntaining the added amine e;g.
bleomycin A6 but also suppressed the broduction of other
bledmybins. .BleomycinS‘Bh and Bé contain more than oﬁe-
guanido group in.théir_ferminalhaﬁine component (Table 1)
and like the phleomycins cause irreversible kidney tbxicity
in dogs (19), hence it becomes necessary to remove these
compounds from the bleomycins produced for therapeutic uses.
It is possiﬁle that by adding a particularfamine to the
culture filtrate tha£ the production of bleomyciné El}fan&z By
may be prevented and thus produce a less toxic but still
potent anti-tumour bleomycin complex.

Other studies have invesfigated the possibiliéy of
prodﬁcing ﬁovel bleomycins'hfenzymic methods (20). The enzyme-
agmatine aminohydrolase is found in a certain strain of'

Fusarium anguioides SHERBAKOFFE and hydrolyses bleomycin B

2
to bleomyciniec acid (R = H, fig. 1) and agmatine. This

enzyme is specific for bleomycin Bé, all other bleomycins are
not hydrolysed by this enzyme. The bleomycinic acid can be
cﬁemically.converted into artificial bleomycins- _ Bleomycinic
acid like the bleomycins forms a strong chélate with copper
(II) ions but unlike the bleomycins, bleomycinic acid has

" only a weak anti-microbial activity againsf "Mycobacterium

(20). This suggésts that the terminal amine part of the

bleomycin molecule is somehow involved in the anti-microbial

- 12 =



activity of the antibiotic and also is not involved in the
éhelation‘of metal ions.

The c0pper-biﬁding sites of the bleomycin molecule:
afe as yet unclear, Studies: on the pK; values: of bIepmycin
by potentiometric titration have yielded three hasic: functions
2.9, b7 and:7.3. -These have been assigned to the-h-émino.
pyrimidine, imidazole and’(3-aminoa1anine groups: respectively
(21). The pK; 4,7 was assigned to the imidazole_gréup- |
because the chemical shift of the imidazone-2-proton was
sensitive to the pH change from & to 6. Umezawa (21) has
suggested that the 'u wamino group of the ﬁ—é.mino alanine
component is a site of copper (II) binding since the pia éf
this-grbup is lost when copper (II) is bound'to bleomycin,

. The carboxamide group of [5 ~-amino aianine seems to play a

role in the‘attack of DNA by bleomyein since an enzyme which
inactivates bleomycin in certain tissues (23) removes this
grouf and the resulting product does not attack DNA (24).
Copper (II)-bleomycin does not bind to DNA and it is. reasonable
to assume that the: manner in which the copper (II) is bound
alters the conformétion‘of'the bleomycin molecule and prevents
it binding to DNA.

The 3~0-carbamoyl group on the sugar component of
bleomycin has been implicated in.copper (II)'binding’.this
group undergoes a transfer under alkaline conditions and
migrates to the 2-position (25). This rearrangement takess
place in copper-free bleomycin Aa-but‘no‘iﬁterconversion takes:

place in copper-chelated bleomycin'A2 indicating that the

- 13 -



carbamoyl group is involved in the chelation of copper (II)
ions.

Copper-chelated bleomycins can be converted into the
copper-free form by treatment with hydrogen sulphide (2 ).
Bothxthertopper-cheiated and copper-free bleomycins show
similar‘activity in inﬁibitihg*the growth of animal ané
bacterial cells but the latter form appears to be less toxic

when used for human therapeutic investigations.

T.h Biochemical Toxicity of bleomycins

The  toxicity (LDsO) of the copper (II)-chelated
bleomycins in rats and mice was found to about one-third
that of the copper (II)-free bleomycins-(aﬁ). Major chanées
observed ir experimental animals were inflammation of the
skin, severe weight loss, loss of hair and slight liver
toxicity (9) (22) (27) (29). Whenlthe adninistration of
bleomycin to these animals was stopped, all these effects
disappeared. Long term inyestigatibns on young pure bred :
beagles showed‘that the majur-chroﬁip long term effedts of”
bleomycin toxiéity were: interstitial pneumonia and pulmonary.d
fibrosis of the luﬁgs'(19). The toxicity of bleomyciﬁ was
found to be related to the dose schedule, Jorgensen (29)
studied mice which hﬁd‘been subjected to a transplanted dermoid
carcinoma and obtained almost identical results with respect .
to tumour*growth and animal toxicity when the bleomycin was.
administered by dally injection for three days or by twice
-weekly injections for three weeks, However, cyclic treatment

i.e. six injection within 48 hours once a week for three weeks,

-lli' —-



was found to give the best theraﬁeutic index of the three: dose
-schedules, giving a slightly reduéed‘therapeutic effect but
markedly decreased toxic effeéts‘ - -

Bleomycins also exhibit histamine-like effects in
experimental animals when injected at relatively high doses”
a transient decrease‘iﬁ blood pressure occﬁrs which is probably
due to peripheral vasodilation.

In marked difference to most anti-neoplas#ic drugs,
bleomycin only causes minimal bone marrow damage (30). The
major toxic effect in bleomycin treated patients is pulmonary
toxicity (31) and is the cause: of death in about 10-25% |
of the patients treated (32) (33). A majority of tfeate&

- patients suffer from hyperpyrexia,. this tends to occur |

several hours after the dose of bleomycin has been given (28).

1.5 Made of Action

Bleomycin has created considerable interest in that it
has a therapeutic: effect on certain tumours but its mode off
éctién has also probahly stimulated interest in sever#l fields
of research. It was observed that bIeomyéins-inhibite& DNA -
syntheéis in E. cbli, Ehrlich ascites tumour and Hela cells:
(z4). Even more interest was taken when in viiro studies
(35) showed that copper—ffee bleomycins and phleomyciné were
physically bound to DNA. Copper~free bleomycins after
binding t6 DNA gave: rise to strand-scission of the DNA with
a resultant_decreaseTin its-melting.temperature:TM, this was
obtained with sing1e=andidouble;stranded’DNA from several.
sources (36).

- 15 -~



This strand scission was inhibited by the presence of’
EDTA, copper (II), cobalt (II) an&.zinc:(II) ions (37) but
enhanced by the presence of sulphydryl éompounds Cofa 2=
mercaptoethanol:and hydrogen peroxide;. The'chelating of
bleomycin to thé divalent ions prevented the binding of
bleomycin to-DNA.(s?)- |
- Umezawa (65) has recently proposed a possible mechanism
which may account for such inﬁibition and activation of
bleomycin on DNA., It is considered that when inside cells
the copper (II) ions chelated to bleomycin molecules . are-
renmoved by interactiop with a low molecular weight, sulph%dryl
containing compound {possibly cysteine) releasing.ffee bIeohycin
‘and.redﬁcing the copper (II) ioﬁs'to copper"(I) ions.. |

The copper (I). ions are then thought to be either

bound. to high molecular weight cellular materizl or reoxidised

back to the copper (II) oxidation state and then bound to high

' MJWt. cellular material.

When poly 4 (TA) poly d (TL&) DNA or poly (di) poly (d4T)
DN& was subjected torcopper-free bleomycin attack in the
presence of ﬁithiéthreitol, no release of phosphate groups
was detécted but thymine residues were released (38).
When poly d{(GC) poly d{(GC) DNA, poly (dG). poly (dC) DNA or
naturally occuring RNA and synthetic polyribonucleotides were
investigated” no deggadation of the nucleic acids was observed.
It has been proposed.(38)‘tha€h%egree of degradation of poly;

riucleotides by bleomycin was directly proportional to the

concentration of dA and dT in the polynucleotide and that

- 16 -



thyminé was released.by bleomycin from the thymine residues
of thymidine containing polynucleotideSH' The producﬁ of
this degradation would be an athyminic: nucleic acid and it is
considered that when the release of thymine residues from the.’
nucleic acid reached‘a certain level, strand sciséion of the
DNA océurs. It is known that éthyminic nucleic acids.contain
non-glycoside deoxyribose residues which are rich in aldehyde
groups. = These éldehyde'groups are the main eﬁzyme_inhibitory
sites of aﬁurinic nucleic acids (38), so it is reasonable to
regard thét the inhibition‘of DNA.syntheéis by bleomycins:
(34) could be due to the aldehyde-rich athyminic DNA. inhibiting
the activity of enzymes which use DNA as a substrate or as:a
template e.g..DNA polymerase (39) (40).

'Bleomycin markedly inhibits an ATP-dependent DNA
ligase prepared ffom‘rat'ascités hepatdma (41)... This enzynme
has been implicated in DNA replication; recombination and
repair, it is possible: that if the primary action of 5ieomycin~
is the scission of DNA in vivo, the repair of the damaged
DHA will be impaired if the DNA ligase ig inhibited and thus .

~increase the lethal effect on rapidly~dividing cells.. -

-17 -



1.6 Tissue Distribution

The tissue distribution of the bleomycinshas been
investigated using both a microbiological assay (42) (43)
for bleomycin or radioisotope techniques e.g. tritiated

bleomycin {11) and 27

Cobalt-bleomycin. . A11 stud;es

“have shown relatively low concentrations in liver and spleen
and relafivelj high concentrations: in skin“and 1ung.tissues.
There appeared to be a variation in tissue distribution with

different bleomycins, bleomycin A, was at its highest tissue

2
‘level in skin while bleomycins B and B, had their_highest‘
levels in lung tissue (42). & study (11) on tumour-bearing
feﬁale rats indicated that bleom&cins AZ andiB2 had high.

tumour to non-tumour ratios and high tumour concentrations
.while bleomycins Kl andAdgmethyl‘Aa were not markédly_qon*‘
centrated by thé'tumouf. It was considered that the difference
in tumour concentration of these bleomyciné was due to some
extent to the charged terminal amine group of bleomycins

_ Aa and B2 and the neutral terminal amine groups‘of bleomycins
Al and demethyl AZ' The same study shoﬁed that the blood
concentration of bleomycin showed an- exponential decrease with
a half-life of less than 100 minutes; there appeared to bé a
direct relationship between tumour bleomycin concentration

and the blood bleomycin level and hence the fumour‘levels_

 decreased with time.
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Several tissues have shown an ability to inacfivate
bleomycins.. The tissues with the highest rate of inactivation
appear to be mouse livers and gastrointestinal tissue (46).
Mouse muscle,'skin and lung appear to be: less active and
it seems that human tissues have a simiIa# order of ac?ivity-
The rate of degradation appears to vary with different

bleomycins with bleomycin A_ being more rapidly inactivated

5

in mice than bleomycin A, Bleouycin A5 was found to be
metabolised in rabbits and oxidised at its terminal amine
component (spermine) to a éarboxyIiclaci&‘<47)~
Bleomycins and their metabolites were found to be

excreted in the urine but the rate‘of excretion has been:
found to vary. Nevertheless excretion takes place fairly
rapidly after administration of the dose and about 24 - L7%
of fhe dose is excreted in the urine (48) wifhin the first
2% hours.

| The inactivation of the bleomycin appears: to be due,
at least paftially, to the presence of an enzyme (21)-.
This enzyme was extracted from mouse liver and partially
purified by ammonium sulphate precipitatioﬁ and affinity
chromatography. It appears to hydrolyse: the carboxamide
group of the fg-aminO‘alanine-component of bleomycin (21),
it was a labile enzyme and also hydrolysed lysinamide yet
it differed from leucine aminopeptidase. It seems to
_preferentially inactivate bleomyéin Bé, it is of note to
find that this enzyme has begn found to exhibit high activity

in liver tissue yet has low activity in lung and skin tissue,
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I.7  Bleomycin Tumour Scanning

The detection of a malignant disease in.itS'earIy
stages has been one of the aims of nuclear medicine.. If
the metabolism of malignant cells differ from normal cells
it is possible that certain compounds will be localised in
such cells.. If such a compound were to be labelled with an
isotope. of the right physical properties it might be possible

to. locate the ftumour.  Bleomycin has certain prgpertiea
that make it possible to be used as a diagnostic radio
pharmaceutical for the localisation of tumours (49) it is
concentrated'in.certain tumours and readily chelates with'
certain divalent ion;. . The first radionuclide bleomycin

57 Cobalt-labelled

complex used for tumour localisation was
bleomycin (50) and it was reported'that thié complex could
be used to locate several types of tumours. ‘ It was also
reported that the ability to locate a certain type of tumour
was not related to the tumour response to bleomycin therapy..
Unfortunately 5?Ccfbair:l: has qertain disadvantages as a radio-
label. e.g. its_long half-life of 270 days and this prompted
the use of other radioisotopes. Several such isa%ofe; have

67

been investigated e.g. 622inc3AlllIndium and ~"Copper.

It has been reported that 59Fe-d:’.d not form a stablé complesx

6
?Cbpper~

with bleomycin (51). The:GEZinc—bleomycin and the:
bleomycin complexes were found to be of little use for tumoux

localisation because of their low tumours blood ratios (52).
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1111ndium—b1eomycin complex (53) was found to be strongly
concentrated within certain tumours e.ge 1ymphomas‘(54),
vwhile this complex showed a lower tumour specificity and
stability than the.5?cobaI¢ complex it hﬁdicertain advantages:
as a tumour-locating compound:: | - |
(1)  rnaivm is a cyclotron ﬁroduced‘ radioisotope,.
(i1) It decays by electron capture with a 67% hour
half-life, giving an optimum scanning time of L8~
72 hours. |
(iii) It emits two forms of gammé'rays, both of which are
within the required energy use of rectilinear‘scénnefs;
As statedﬂpreviously; lllindium forms a weaker chelate
with bleomycin than 57Coba1t with the result that a considerabie
‘prbportioﬁ of the radiolabel becomes bound to transferrin in
the blood. | This transferrin slowly releaseérllllndium.to
the bone marrow an&‘heﬁce gives-rise-to»a high background pf
Ylingium.,  In addition the radiation absorbed dose to certain
tissues e.g. liver is substantial (1.61 rads. mCinl)-ﬁn&
certain workers: (55) have suggested that this complex should ~
only be used with patients with known tumours in order.tox
obtain a measure of the primary tumour and metastases or

for patients that other clinical tests suggest that they have:

a considerable possibility of having a malignancy.



1.8 Assay Technigues

The first methods devised to assay bleomycins 'in
biological tissue and fluids were the classical microbiclogical
assay ﬁrocedures. The discovery of biological inactivation
of the bleomycins in experimental animals, and the,respltantr
- disadvantages of the microﬁiolégical assays Ied to the
development and use of radio-immunoassay procedures.. These
assays will now bg cansidered and in addition an*assay to
estimate the enzymic inactivatidn of bleomycins.

The ability of the bleomycins to inhibit a wide range
of bacteria has been'utiliséd'to develop:microﬁiological

bioassays to estimate levels of bleomycins in blood,, urine

and tissues. The first bioassay (2) employed Mycobacterium

phlei NIHJ as the test organism and used the cylindey plate
technique, but apparently no detailed description of the
procedure was published. Fujita and Kimura (56) used the

same technique but used spores of Bacillus subtilis ATCC 6633

as the test organism.. They claimed that the assay had a
limit of detécéion of 0.1 ug. cm 2, they invesiigated the
tissue distribution, excretion and inactivation of bleomycin

in man. An improved microbiclogical assay for the estimation
was claimed by Pittilo and his cﬁ-wquers (43) who used a
strain of E. coli ATCC 9637 which was resistant to ethionine.
This orgapism was used in the aséay due to its high sensitivity

to bIeomycin, it seemed that the addition of guanine to

glucose-salts agar medium increased the sensitivity of the
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organism to inhibition by bqumycin. Other advantages were
the: linear: dosage fesponse and the rapid growth rate, never-
theless this assay had a similar 1imit of detection to the
assay procedure of Fujita and Kimura. In these assay
procedures, the diameter of theiinhibitory zone was affected
by several factors which included Lot number of antibiétic,
composition of the media and diluent. Other‘disadvantages
wvere the lengthy incubation periods and interference from
otherantibiotics present in the biological specimens.

The search for more sensitive and more rapid methods
bf aﬁalysis for bleomycins in biological fluids Ied to the
development of radio-immunoassays (57) (58).  The first radio-
immunoassay developed for bleomycin used 125Iodine-1abelled
bleomycin,, the basis of the asﬁay was a competitive binding

assay between the 1251

L}

—bleomyéin and unlabelled bleomycin fbr
antibody binding sites. The sensitivity and precision of
this assay were superior to those of the microbiological
assayé and there was no significaht interference from the
several other anti-tumour  compounds used in conjunction with .
bleomycin in cancer therapye. The.more recent radio- -
immunoassay (58) uses:57Cobalt—b1eomycin, this has certain
advantages over the 12510dine-bleoﬁycih proce&ure in that the
2?0_day half-life of 5?Co‘oalt rules out the necessity of

monthly labelling which has to take place with the 125

57

Jodine
radiolabel,. Also: “ Cobalt is very tighfly bound %to bleomycin
and very little exchange between 5?Cc>bal“c and other metal

ions present in biological samples takés'place;
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It is possible that the part of the bleomycin molecule.
active in the microbiological assays may not be . identicall
to those: groups in the molecule which are fecognisedlin.the
immunoassayé since the latter assays: do not pick up the
inacfivation of bleomycin which has been reported by micro-
‘biological assays (48) (56). - |

An assay (59) has: been devised to estimate the enzymic
inactivation of bleomycin which is based on the in vitro
inhibition by active bleomycin on the DNA-dependent: DNA
poiymerése.. The greater the concentratioﬁ of active bleomycin
in the assay, the lower the activity of .the enzyme.and-thus a
‘lower rate of DNA synthesis.. The procedure used involved
_the‘defermination of the active bleomycin concentration in
a given aliquqt of bléomycin .
(1) after.incubatién in the absence of DNK,polymeraée.

and (ii) after incubation with the enzyme.

(iii) calculation of the reduction in potenay of bleomycin

3

using a plot of incorporation of “H-TMP to. DNA against
bleomycin concentr#tion. The DNA of the tissué

samples containing the inactivating enzymes interferes with

the defermination and thus has to be destroyed prior to the

determination by treatment wiéhi micrécacdil nuclease. Studies

using this assay éystem indicated that the activity of the

bleomycin inactivating enzyme in mouse tissue was:t liver

53%, spleen 36%, lung 28% and skin 1%.
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'1.9 Aims of Present Work

The-plasma.concentrationé and ﬁrine Tevels of bleomycin
in patients undergoing bleomycin therapy are of‘considerable
linterest since they may give an indication of the amount of”
bleomycin left in the body and hencefthaf amount which is:
potentially available: to the tumour. These levels are
also important since bleomycirs have toxic effects and éhe
onset of toxic effects in patients is quite variable. The
.dose level of bleomycin can be 30 mg injected intra-muscularly
(61) and since approx. 25 = 50% of the dése is excreted in
the first 24 hours after injectibn the urinary concentration
of bleomycin may be in the range of 7.5 ~ 15.0 mg..dlul
.of urine (assuming volume: of urine excreted in 24 hours: to be 1.0
JI?A). ‘In view of the variable excretion and the differing
tumouzr: blood ratios of the vgribus bleomycins, there is a
neéd;not oﬁly fo detefmine tdtai bleomycin'leveis bué aléo:t‘
the individual bleomycins..

As mentioned earlier, several teéhniquesrhave*been
employed to monitor bleomycin therapy. The microbiological.
assays suffer from 1engthy incubation periods, lack off .
‘sensitivify and variationa;in'media and diluent preparations.
The 12510dine-b1eomycin radioimmunoassay is said to be superior
to the microﬁiological‘assays but apparently it only estimates
metal-free bledmycin molecules, in addition it does not deteét
enzymic inactivation of bleomycins;.' The other radioimmunc-

57

‘assay which utilises ”‘Cobalt-bleomycin appears to be the

best available analytical technique for moniforing bleomycin

levels in the biologiéal fluidsa.
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It is pessible to use:otﬁerrtechniqueStwhich are less
sensitive: provided. a pre~concentration steéiis employed prior: .
to. analysis. The investigation of ﬁossible coﬁcentration
techniques e.g. ultrafiltration, freeze-drying are thus
worthy of invéstigation. Purificatioﬁ procedures which may
remove interfering substances are also to be consideréd €ele
.ion-exchange-using cellulose-phosphate or gel fiIltration.

| Bleonmycins have Been separated by t.I.c. and high
voltage electrophoresis, the separated bleomycins~have-5eeﬁ
detected by uitra-violetﬁabsorptiqn at 260 nm. It may dbe
possible to improve the sensitivity of such procedures: by
employing more sensitive spray reagents;. This should be of
benefit to routine quality control studies of bleomycin
production. Gas-liquid chromatography seems to be ﬁnsuitable

for the separation of bleomycins in view of their polarity and

molecular weights ( X 1,500 daltons) and to obtain a separation

it is probgble-that conversion of the bleomycins into veélatile

" derivatives would be requiredrl High pressure 1iquid chrométo—
‘graphj aﬁpears to be worthy of investigation since it has been
able to yield rapid separatioms of complex mixturés of polar
compounds. Again, such a method should be of use in guality
controllstuéies.and if coupled with an appropriate.pre—
concentration or purification step may be of use in investi-

gating bleomycin levels in biological fluids.
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An interesting feature of the chemistry of the bleomycins
is their ability to bind séveral transition metal ionse.
Metal-binding of bleomycins is essentiai for their use in the
radio diagnosis of cancers since the bleomycins afe used to
transporﬂfthezradioactivé netal to the tumour tissue.

The copper {(II) chelates of bleomycins were used for
chemotherapy but sincexit‘was;diécovered that this form is:
‘more toxice: than the copper-free bleomycins, the latter:
preparaiion is.n§W' used. Copper (II) ions form strong
complexes: with the bleomycins and even if copper (II)-free
bleomycins are injected intravenously into a human being:
there is evidence th;t the bleomyecins interact with serum
COopper. Serum copper levels in man are apéroximately I
ug. cm™> but over 95% of this is tightly bound to the protein
'ceruloplaémin and the fémainder*is loosely agsociéteé‘with'
albumin-ahd aminouécidSs Nunn {62) has observed that the
non~ceruloplasmin bound coprer rapidly chelates. with the -
bleohycins. In order to obtain a more completé under-
standing of the chemistry of bleomycin there is a need to
investigate the stoichiometric relétionship of copper (II)
'ions with bleomycin molecules and also to identify which
particular groups on the bleomycin mélecules which bind to
copper (II) ionse The binding of copper {II) and cobalt
(II) ions to bleomycin may bé inves%igated by sﬁectrophoto»
~metric methods sinceAboth chelates absorb in the visible
Tange o Such'procedures would invqlve‘fhe method 6f continuous

variation and the mole-ratio method.. In addition electron
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spin resonance studies: on the copper (II) bleomycin may suggest
the nature of the groupsrwhich aré involved in binding
copper (II) ions. -

The affinity of bleomycin and some of the terminal
-amine compounds for copper (II) ions can be invgstigate& by
potentiometric titration studies in order to provide an
estimation of their stability constanté. These may indicéte
possible role(s) of the.terminal amines of bleomycins in
metal-binding. The bleomycins‘may be regarded as poly-
amines by virtue of them having several amine and amide
groups. Studies (63) (64) suggested tﬁat high molecular
weight, water-soluble polyamines_were'effecﬁive in inhibiting‘
the growth of experimental tumours by virtue of being
incérporated into the fibrin network present in the tissue
byr'the enzyne tr"ansglutéminase'. This incorporation 'inhibite’d'
clot stabilisétion and hence the growth of the tumour.
Bleomycin and copper (II) bleomycin contain amine groups,
have a relatively high molecular weight and are water soluble:
compeunds hence an investigation of their possible*influences.
on the transglutaminase-fibrin enzyme system was considered
worthy 6f study. The transglutaminases used in this study
are transglufaminase ﬁfFactof XIII_7 and a tissue trans-
glutaminase isolated from rat 1ung-' Lung‘tissue was chosen
because of its low content of bleomycin.inacﬁivating enzyne

and for its response to bleomycin therapy when invaded with

squanous cell carcinoma.
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CHAPTER 2

LUMINESCENCE STUDIES OF BLEOMYCINS

INTRODUCTION

Luminescence may bé defined as a spontaneous emission
of radiation by a substance during the transifion from én
elécfronically excited state to the ground-state. Lumines—
cence phenomena inc1udes fluorescence and phosphorescence,,
the majof difference between these phenomena is the duration
of the emission of radiation. In fluorescence,_the:emiSsion
of radiation lasts for a few nanoseconds: to a microsécond while
in phosphorescence it can persist from a tenth of a milli-
seéond to one second and in somes caseé_it may be even‘longer;‘
| Luminescence analysis has;found inereasing application
in analytical investigations sirnce ﬁhe~sensitivity and selecti-
vity of fhe.technique has been increasingly apfreciated;'
Also a considerable number pf commercial instrumenis ranging
from simple filter instruments to recording 'prisr:rgrating
sPectrofiuorimeters have become commercially available over
the last twenty years. Such machines may be modified so
that the& can also be used for phosphorescence analysis (66).
The development of lumiﬁescence:sPectroscopy as an
analytical technique has to some extent paralleledthe con-—
siderable growth of biological and clinical analysis over the
last two decades. Indeed, the first modern spectrofluori-
_ mefer'was developed in order to analyse biological materials

(67).. One use of luminescence analysis is the estimation
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and’ detection of pharmaceuticals in biological fluids, somes
of these compounds have been administered to patients: in
‘smaIl doses in the therapeutic treatment of certain disease
states.. Sometimes it is pﬁssible to carry out a luminescence
assay after performing relatively simple éxtraction and
fractionation procedures andnobtéin sensitive estimatioﬁs of
such substances as catecholamines in urine (68}, morphine and&
grinine in ufine (69). - |

Reagents have been employed which react with non-
fluofescent compounds to produce a fluorescent derivative :
of the compound of interest. Only three of the essential
amino acidsahave natural Tuminescent properties but a number:
of reagents such as o-phthaldehyde: {70) and l-dimethyl- |
aminonaphthalene~5 sulphonyl chloride (71) react with most
amino acids to form fluorescent‘derivatives.._‘In recent Yyears
there has: been considerable interest in the: development of new
fluorimetric reagents for the estimation of amino~acids and
related,qompounds; | One such reagent is 'fluorescamine"
(4~phenyIspirofuran-2-(3H), 1~phthalan-3,3'-dione) which is
sold under the trade name-FluramR.. Eluorescamine reacts
with amino-acids and other primary amines to yield fluorescent
derivatives (72), it was de§e10ped after intensive studies on
the medically.important estimation of serum phenylalanine.
This assay depends on the reaction of phenylalanine‘with .
ninhydrin in the presence of copper (II) ioﬁs at pH 5.8 (73).
The intensity of the fluorophore (A, 365 nm, A om 515 nm)

was enhanced when small peptides such as L-leucyl-L~alanine
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. were added to the sﬁmple. It was found (74) that the reaction
.rbe£weeﬁ pﬁeﬁ&lalanine ana.;inhydéiﬁ gave risé to phenyi— |
acetaldehyde which then réacted With.excess'nihhydrin andraﬁy
primary amine present to.yield highly_fluorésceht pro&ucts '

which were considered to be pyrrolinones (Fig. 3).

Figure 3. Product of fluorogenic ninhydrin reaction with a.

: i
primary amine

cooH
H

VR
I

. ' ¥ ]

Fluorescamine was later synthesized and replaced the
fluorogenic_ninhydrin reﬁction, it reacts with prima¥y amines .
to form similar fluorophors ( >“ex 390 nm, ;\'em L75) as were
produced in the-ninhydrin—phenylacetaldehyde reaction.

The folloﬁing mechanisnm has:been propos ed’ for the

reaction of fluorescamine and primary amines (75).

K K
1 _ , 2 .
Fluorescamine + Primary Amine*;::f / F=A 7¥—m~——9 P T
Ke, ~ =
1 fluorescent
intermediate product
complex
(Kl, K-y K, - rate constants)
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If fluorescamine is iﬁ‘gréat exXcess, fhe intermediate
complex is non-fluorescent and there is a rapid'equilibriumt
between the reactants and the intermediate pompiéx éompared,.
with the rate of product fprmation it could be shown that the:
rate of product formation dB/dt |

dP:I K, () (4)
ey ]L_LE T

= — A
+ -(F) E;:E
Ky v+ K T

.AT = Sum of primary aminé concentration present
in free Iorm and in the intenme&iaﬁe complexs.

The rapid and reversible éédition of the primary -

- amine: across the double bond of fluorescamine: yields a non-
fluorescent: intermediate which then ﬁndergoés several
rearrangements to form the final, fluorophor  {(Fig. 4)..

The: reaction has: a half-life éf‘200-500 m.éec. at
room temperature while the excess. fluorescamine is destroyed
in aqueous: solutions within a half-life of several seconds:
to:jield.non-fluorescent derivatives.

Fluorescamine has been used tb assay various primary
émine containing compounds  such as amino: acids, peptides and:
proteins: (72).. TFluorescamine can also be used'to~estima£e
secohdary amines provided they are converted into primary
amines by reaction with N-chlorosuccininmide, such a procedure
has enabled the assay of the imino acid, proline (76) by

~reaction with fluorescamine.
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Figure L, Scheme (75) for the reaction of fluorescamine with

- a primary amine: -

fluorescamine:

] R
non-fluorescent intermediate

l several steps

Fluorescent
Product
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| Fluorescamine can replace: ninhydrin aS“thé-reagént in
the automated ion-exchange analysis of amino-acidé (74) and
the hep.lec. of polyamineé>(771. Stein éf_gl. (78] developed .
'an.h.p.l.c. éystem.to assay for amino-acids using fluorescamine
.which was more sensitive than previous_systemé due to the use
~of a luminescence detector system. The high cost of
fluorescamine compared with that of ninhyarin and o=phthalde=-
hyde: has to some extent Iimited& the use of fluorescamine.
One way off minimising the amount of fluorescamine uSe@.an&'l
hence the coét in a chromatographic: separation is to 1aﬁeI.the
primary amines: of interest with fiuorescamine.prion-to- |
chromatographic éeparaticn (79).  The t.l.c. of amino-acids
and peptides pre-labelled with fluorescamine have been
investigated (80) and also the hep.lec,. of pre-labelled
polyamines. (77) (81). ‘ |
Eluofescamineehas-foun&iconsiderable use as a spray
reagent for the location of separated amino-acids (82) and
- peptides (83) on t.l.c. plates. It has also beeﬁ ﬁsed as
a reagent to detect amphetamines in urine by t.l.c. (160).
The sénsitivity is greater than thaf obtained with ninhydrin
but the'fluorescence.rapidly decreased and within several
~ hours the positions of ther primary amino compounds could
not be: detected on fhe t.lec. plate. Eelix:an& dimenez
(82) observed that when peptide-resin (from solid phase
peptide synthesis) was; allowed to react with fluorescamine;

pre~treatment of the peptide-resin with: triethylamine enhanced

- 34 .



,ah& stabilised the fluorescence of the resin bj_prevehting |
cénvéféiqﬁ.of'thg fiﬁdféphor fb'thé@ndﬁ-flﬁﬁres;eﬁf ‘3-4--b
':1actdﬁe. lThis obégrva#ign wasfappiied tq-fhe iﬁcatiqn of" -
amino acids 6h telece piates'and'it was found ﬁhat aﬁ'
improvément in the sensitivity and stability of the spots’
;fook'placéz | |
Several pharmaceuticals containing'aromatic or aliphatic
primary amine groups hgve been investigated for their solution
~fluorescence when reacted with fluorescamine: and qu thein~
detection on t.lec. (84). Kusnir and Barné (85)‘foﬁnd that"
fluorescanmine was able to detect ét ' picomole levels in
aqueous solution certain basic antibioties such as streptomycin
and ampicilIin..- : |
The bleémycins contain ﬁrimary anino groups and as

such may be possible compounds;fof Iabelling with fluores-—
camine. The solution fluorescence, thezuse'bf fluorescamine
-aé,a reégent'to locate separated bleomycins on t.l.c. and
the-f.l.c. of pre-labelled bleomycins are aspects which may
yigld useful information.

| There is no mention in the literature of phosPhoréscence
or low temperature luminescence'studies:béing.applie& to the
bleomycins. Several antimetabolites have been investigated
(86) for phosphorescence and some were found to have analytically
useful phosPhore5cence, one of these compounds was 2-amino- -
4.me£hy1:pyrimidine C )Lex"302 nm, ;k'em 428 nm) and it is of
interest that one of the components of bleomycin is Y-amino~

S-methyl pyrimidine. Also the Y-amino pyrimidine group does
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‘fluoresce weakly after n - excitatioh (87)s The
'bledﬁycins also contain a bithiazole:heterocyclic ring systenm
which is considered to exist as a planar structure in the-
molecule (17).. The thiazole molecule has the fonowiz{g
molecular orbital arrangement (88), Fig; 5. 7

Each of the three carbon‘atoms present in the thiazole
moleculelcontributesaﬂpz-electron.to thé molecular orbital
while the azole nitrogen donates one electron and thé sulphur
atoms, two electrons to complete the aromatic se;tet and
forming a stable closed shell of six delocalised I electrons..

Thiazole is structurally related t§ thiophene and
pyridine, but it resembTes: the latter compound in both
chemical and.physical properties (89). Since pyridine in
ethanol exhibits phosphorescence { )\ex 310 nn, ;\em L4o nm)
{90) it could be expected that thiazole and bithiazole would
exhibif similar phosphorescence, In most uﬁéaturated
N-heterocyclic compounds-investigatedw- the lowest energy
electronic transition is n;—TT* and such comﬁounds are
phosphorescent but not fluorescent (89). An examination
of the péssible low temperature luminescence of the bleomycins
may provide useful data since phosphorescent Yocation éf‘

separated components by t.l.c. may have analytical advantages.
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Figure 5. Electronic structure of thiazole:

H
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MATERIAL AND. METEODS

Reagents
Fluorescamine {4-phenyl spiro / furan-2(3H), 1 -

phfhalan_?-},}' dione) was obtained from Roche‘Products
Ltd., London,,ﬁ;K- aerluramR.. The fluorescamine: was jused
as a solution in dioxane, The: solvents used were reagent:
grade, redistilled in glass, triple distilled water was used
and kept in glass containers. All the chemicaIé (reagent
grade): involved in the pfeparatioﬁ of buffers were obtained
from B.D.H. Ltde, Poole, U.K~ The silica gel 60 t.l.c-
.plates (0.25 mn thickness) were supplied by E. Merck,.

Darmstadt, West Germany

Eguipment

The fluorescence studies were carried on a Baird
Atomic Fluorispec and the low temperature luminescence studies
were: performed 6n a modified Baird-Atomic Fluﬁrispec:SF 100E.
The reference solution used in botﬁ situatibns was quinine

sulphate 1.0 ug. em .

Methods:

Solution fluorescence

.The conditions for the reaction using fluoreécamine in
solution were similar to those deécribéd for the fluorimetric
estimation of proteins (92). K solution of bleomycin (Lot
00k) ip phosphate or borate buffer- was placed in 50 mm =
10 nm glass tube. While the tube was agitated on a vortex

mixer, 0.5 cm3 of fluorescamine in dioxane was quickly added
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to the-bieomycin solution froma 1 cm3 capacity glass syringe.
A reagent blank was also performed and the reactjons carried
out at room temperature. After mixing, the solutions were
left for ten minutes in the dérk and then their fluorescences

were measurede

Thin layer chromatography

"The bleomycin~fluorescamine derivatives were produced
. i
by placing 20 ul of bleomycin in a phosphate buffer of pH 8.0
from a Hamilton microsyringe and then adding 50 ul of

3

fluorescamine (20 mg. 100 cm” dioxane) while the test tube
and coﬁtents-were being agitated on a vortex mixer.. |
A aliquot of the resulting solution (5 ul) was applied

‘té the aluminium-backed silica gel t.l.c. plate.- ‘The solvent
system used was A.R. methanol : 0.02M phosphaie buffer pH S.b
(7:3 v/v). The chromatogram was developed in the dark..
After development, the pIate-was air-dried in a streanm of
.cold air for 30 minutes aﬁd then sprayed with 10% triethanol-
amine in chloroform.  The plate wés again dried in a stream
of cold air for 5 minutes and then respréyed again with 10%
triethanolamine in chloroform. The plate was again air;
dried and then examined under a long wave (366 nm) ultra-
violet light and the green~yellow fluorescent spots outlined
Qith 2 pencil,. The R, values were then determined..

Fluorescamine used as a spray reagent

The bleomycin were subjected to silica gel t.l.c.
usiﬁg either A.R.. methanol & 10% aqueous ammonium acetate

(1:1 v/v) or A.R. methanol : 10% aqueous sodium acetate
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trihydrate {I:l v/v) as mobile phases. The 5leomycins-

were stfeaked'acfoss the.ﬁrigin and aried;using”a_cﬁld
stfeam of air. The chromatograms were developed to a

height of 15 cms,?theeplates vere then‘rgmoved, the'solvent
fronts were marked and the plates dried in a stream of ¢old
éir for 30 minutes;. The plaées were examined under shﬁrt
‘wave (260 nﬁ) ultraviolet light and the positions of the
bléomycins obtained. | The'Rf'values of these compbnents.
were determined. - One half of the plate was covered with a
glass plate and the othgr half sprayed with a solution of

10% trigthanolamine in chloroforn,, thé pLﬁte was then air—
driéd in a stream of cold air for 5 minutes. The exﬁosed
haif of the plate was then Sprayed.with 0.05% fluorescamine
in dioxane, thén it was air-dried and then re-sprayed with
10% tfietﬁanolamine in éhlofoform- The platé was then dried
at room temperature and then examined under long wave (366 nm)
ultraviolet 1ahp. The fluorescent zones were lacated, out-
lined and the Rf_values:determined and compared with those

obtained for the short~-wave: U.V. investigation..

T.ow Temperature Phosvhorescence

The bleomycin sample dissolved in 0,1M phosphate
buffer pH was mixed with an equivalent volume of A.R. |
ethanediol.. The silica sémple tube (internal thickness
2 nm) was washed in A.R.. conc. nitric acid, rinsed with
tapwater, diétilled watgr‘fwice with triple distilléd:water;
1:1 v/v ethanediol : triple distilled water and finally with

the test sclution. The open silica tube was then filled with
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an aliquof of the tést solution to a height of at 1east

4 em, and then carefully 1owered into liquid nitrogén and‘the
contents of the tube frozen .t yield a glassy solid. The
tube and contents were then/élace& into the phosphorimeter

sample  compartment.
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RESULTS .

Solution fluorescence:

The.flﬁorescence produced from the réaction between
the bieomycins and fluoréécémine-haﬁ“anoptimum wavelength 
of exéiﬁation cf-390 nm and apoptimum emission wavelength
of ‘43T nm (Fig. 6). Thé influence of the pH on the reactiomn
with fluorescamine was investigated (Fige 7). The bleomcyin
fluorophsrs:were found to be reasonably stable for the first
30 minutes after reécﬁion but a siow progressive.decrease»in
fluorescence intensity taen occurred (Fig. 8).° Thé sensitivity
of thé procedure was decreased if fhe~fluorescamine-concen—.
tration used was greater than 300 mg..dl-l.. The method
gave a linear response up to.BQO 170 cm"'3 bleomycin and
thé limit of dete:tion‘(twice the background‘standara. |
deviation)was determinéd to be Oolt pg. en™> bleomycin.
Fluoreécamine did not react with copper (II) bleomycin
samples ..

Thin-layer Chromatography

The t.l.ce of the fluorescamine derivative; of
bleomycin gave the three Rf values: (Table 5) the blank
solution (no bleomycin present) also yielded a fluorescent
spot.. The t.l.c. of fluorescamine labelled bleomycin 82

derivatives yielded two fluorescent spots, one of which had

the same Rf as the spot obtained with the blank sdlution.
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Relative Fluorescence

Figure 6. Excitztion and emission spectrum of fluorescamine

labelled bleomycin (uncorrected)

Spectra obtained in 0.05M phosphate buffer pH 8.0
3

Bleomycin conc.. 0.5 mge cm ~.
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Figure 7. Fluorescence versus pH of bleomycin-

fluorescamine reaction

Relative Fluorescence
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Figure 8. Variation of fluorescence intensity with time at

room temperature




Table 5. Rf values of fluorescamine-labelled bleomdyins

Solution _ _ Rf values:
Bleomycins T 0433 0.38 ' 0.83
Bleomycin Ba‘ - 0.38 0.83

 Buffer only - - 0.83

MoBiIe phase - A.R. Methahol.: 0.02H Phosphate buffer
pH 8.0 (7.3 v/v). |

Stationary Phass -~ ‘Silica gel Grt.l.c..plates:(thickﬁess '

025 cm)e
Detection - - Fluorescence on irradiation with U.V. light

360 nm.,.

Use of Fluorescamine as a Syray Reagent

The fluorescamine spray reagent located the major .
bleomycins (AZ, Ay» B, and’DMAa) when the fludrescamine
sprayed t.l.c; plates were illuminate¢ under U.V. light of
360 nm.wavelength, the: fluorescamine could not locate: coppew
(II) bleomycins. When the bleomycin samplés were applied as

compact spots rather than streaks, the bleomycin A. spot was

2
located by fluorescence when 10 pl bleomycin sample of

3

concentration 100 pug em © was applied.. When the absorbance
of 260 nm U,V. irradiation location procedure was used to

locate separated bleomycins, bleomycin A, could be located

2
when a 10 pl solution of bleomyecin (600 'ﬁg..cmus) was:

applied as a compact spot to the t.l.c. plate.
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Low temperature luminescence

The spectra obtained. are shown in Fig. 9. | The maximum
excitation wavelength of tﬁe bleomycin mixturé ié 304 nm while
the maxinum emission wavelength is 390 nm. The spectra
werer investigated at several pH values but no significant
change in spectral characteristics: were observed,. The'limit
of detection was determined to be 4 x 10_6 g+ of bIeomycin
'ana'the:response was linear up to 160 ug bleomycin. No
low temperature luminescence was obtained with copber‘(II)

bléomycin samplese.
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DISCUSSION

Solution fluorescence-

The bleomycins reacted with fluorescamine to-prbduce
fluorescent products which had an optimum excitation wave;ﬂ
length of 391 nm and an optimum wavelength of emission of
L8l nm. These values are typical of the fluorescence
chéractefistics'of fluorescamine: derivatives of primary
amiﬁes; -in addition the optimal pH for maximum ffuorescence
was pH 8.3 - 8.4 and this was within the range of pH 8.0 —

8.5 which peptides yield maximum fluorescence with this
reagent..

The amine groups pfesent in the bleomycin molecule e.g.
_bleomycin A, are the L4-amino group of pyrimidine moiety and
and ® —amino group of ﬁ-—amino alanine component, while some -
of the terminal amines also have primary amine groups e.g..
bleomycins Agy Agy B'y.  Samejima gﬁ_él.'(9l) studied the.
fluorescence of various amines and obtained no fluorescence
with adenine, creatine and guanidiné but obtained considerable
fluoresdence with polyamines such as spermine and putrescine.
The fluorescence of the bleomycins with flﬁbrescamine is:
probably due to the ©{-amino group of ’3-a1anine-. This:
grouping is considered to be involved in the chelafion of
copper (II) ions and it is of note that no fluorescence was
obtained with solutions of coﬁper (11} bléomycin..

Fluorescamine: is a sensitive reagent and can certainly .

detect low concentrations of metal free bleomyéins in aqueous
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solution but unfortunately it lacks selectivity since it

reacts with most compounds which have primary amine groups.

Tolec. of bleomycin-fluorescamine derilvatives

This procedure was found to be simple and sensitive.
The fluorescént,spots obtained were made more stable by
spraying the chromatogramS{with 10% triethanolamine in chloro-
form. The two major bleomycins (A, and B2) were separated by
this procedure and Balwas identified by using staﬂdard.
bleomycin B2 saﬁple,‘ The fluorescent spot thch'was obta?ned
with all solutions even the blank sclution may be due to an
interaction with ammonia or a primary amine impurity inrthe
buffer..

It was found that if the development of the chromato-
grams was carried‘out in daylight the fluorescence of the
primary amine components was considerably reduced. when
compared with identical chrbmatograms developed in the dark.

This procedure may have some potential if an h.p.l.ce
methoa is used for the separation of the fluorescamine
derivatives using fluorimetric detection system. Such a
system has already been developed for the hepelacs of

fluorescamine derivatives of polyamines (77)..

Fluorescamine as a spray reagent:

The location of bleomycins after separation on t.l.ce.
by fluorescamine is a simple,, rapid and sensitive method..
The stability and sensitivity of the fluorescence was found to be

improved by pre-spraying with 10% triethanolamine in chloroforn.
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Using this frﬁcedure separated biéomycins could bhe detected
:by illumination with U.V.. light of 366 nm and is;superior

in terms of sensitivity to that of.examinaﬁion of-separate&.
bleomycins by U.V. light of 260 nm,. This procedure could be
used to identify bleomycins in quality control studies and if
each bleomycin~fluorescamine derivative has the same quantum:
efficiency it is possible that such a procedure could be made
semi-qﬁantitative by using a t.lec. fluorimetric ﬁcanning

system.

Low temperature luminescence

The excitation maximum of 304k nm of bleomycin is quite
similar to those obtaihed by amino-pyrimidine derivatives -
(302 nm) and that of pyridine (310‘»7 nm) but the semiggion~
maxima (390 nm) is of lower wavelength than of those exhibited
by amino-pyrimidine derivative (438 nm) and’pyridine-(h#O nm) .
Although the thiazole molecule has simiIar‘éhemical and
physical properties.to that of pyridine, it is possible that
the bithiazoIe stiructure may have slightly dissimilan*spectral
characteristics and in addition a different solvent system.
waS‘eﬁployed;

The low temperatﬁre luminescence is probably a n, Tr*
transition in view of its short half life and the properties

of thé 4 amino-pyrimidine and thiazole molecules.
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CHAPTER

ELECTROPHORETIC STUDIES. OF THE. BLEOMYCINS

'INTRODUCTION

Bleomycins have: several ionizable groups and:thuslmigrgte o
underthe influence of an applied wvoltage at appropriate ﬁH
" values.. Hiéh voltage electrophoresis was used by Umezawa
EE.EE*I(IO) in their purification.studies to separate copper .
(1D bleomyclns (Table 2) at alpH of 1.8 ‘using L-alanine as:
the reference compound. Later van der Poll et al. (93)
employed celiulose acetate electrophore51s;to separate
57Cobalt—bleomyclns at pH 3.0 into two components but when an
‘ acetate buffer system of pH 5.6 was used, the two components
ﬁere-poorly resolved. The components.were Tocated by vlrtua
of ﬁhéir radio&ctivity. There are few elecﬁroPhoretic studies
on biéomycin”to be fouﬁd-in the  literature and none using
polyacrylamide gel electrophoresis (PAGE)..: PAGE has provided
a relativelj'simple.Systeptof high :esqlution for the sépa:ation
and qharacterisation ofrprotéins'and larger peptides on tﬁe _'
basis‘of their size and charge (9%) (95). Rapid diffussion
and. loss. of small molecules from ther gel matrlxrdurlng con—
ventional staining and destalnlng procedures have prevented
PAGE being used?tOwstudy oligopeptides and glyéqpeptides=-
_such as bleomycln- | | '

A method circumventing the: problems of staining and

destaining is to label the components of a mlxture‘of low:

molecular peptides in such a manner that they may be%visuaiised
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By their own fluorescent propérties; Such =2 fluo?escent
label. was used by Talbot an& Yphantis (96) to investigate.
peptidezmixtures; they used dansjl.éhloride {dimethyl naphth—
alene=5-sulphonyl chlorideﬂ to flﬁofesnently laﬁel peptides.
This procedure waé found to be sensitive but time-éonsuming
and unfortunately the fesults obtained were difficult to
.iﬁterpret due to contaminationlof the.péptide samples with
fluérescent bfeakdown jroducts; ‘

| Vandekerckhove and!Van Montagu‘(9?)'use& fluorescamine
(4-phenylspire: / furan-2(3H), L'-phthalan / -3,3" dione)
(Figs 10) a non-fluorescent compéund which reacts: with peptides
and proteins to form higﬁly fiuorescent products: (92).
They separated these fluorescamine-labelled peptides by meanss
of sodium dodecyl sulphate: (SDS) polyacrylaﬁi&é gel electrophoresis
and’ visualised the: separated compounds by illumination of the .
gels at 365 nm. - This procedure was sensitive and also
because the hydroiysis products of fluorescamine were non-
fluorescent the fluorescamine}labelledipeptides'were produced
free of flubrescént-contaminaﬁtSs

Fluorescamine modified oligo~-peptides were also studied

by Rosemblatt éj_gl. (98), who: found that polyacrylamide gel
electrophoresis of these derivatives was a rapid, sensitive
and reproducible method which overcame manj éf the problems:
_arising with conventional staiﬁing techniqugs:' Tﬁey investi-~
gated the effect of varying'pH and gel concentrétions 
(% acrylamide) and found that at low pH values (below pH 7.5)

the- fluorescamine~labelled peptides took a considerable time to
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achieve separatiop while at pH valueé'(pH 9.8) the negatively
charged peptides migrafed very rapidly and gave rise to a
fluorescent tail which-markedlj.affected resolution. The
optimum pH values for separation of the fluofescamine~lébelled
peptides was found to be in the range pH 8.% — 9.L.
Molecular sieving occurred during the electrophoretic
separation of the oligopeptides in acrylaﬁide‘géls #n&.because
of this it was found that the best acrylamide gel concentrationé
for resolution of oligopeptides were 12 —-16%-
Electrophoresis on polyacrylamide gels in the presence
of sodium,dadécyl-sulphate~(SDS) wasfshoﬁn by Weber and
Osborn (9%) to be a reliable;methoi of eétimating protein.
molecular weight. PAGE of peptides was showﬁ by Ofnstein
(99) anad Davis (I00) to be dependent not oniy on the charge but
a2lso on the size of the molecules.. When.doa9cyl sulphate
ions bind t§ proteins (103), the individual charge pattern of
eachlprofein or peptide  was changed by the SDS anions: which
made‘éll the molecﬁleé négativeiy charged. The-nﬁmber of .
SDS anions bound by a protein or peptide, and hénce the overall
neéative:charge was related to the moleculan'siZe of the
molecule.
Nunn (101) observed the gel filtration properties of
the bleomycins and found that although the difference bétﬁeen

the molecular weights of bleomycins A, and B, was less than

2 2
1%, there was a considerable difference in their elution
profiles. He suggested that this difference was due: to:

differences: in the sizes (Stokes: radius) of the two molecules.
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It was considered possiblegthat if this ébserfation waé correct

it might be possible to resolve these two bleomycins by

" subjecting them or their fluofescamiﬁe-laﬁelleaiderivatives:

to SDS-polyacrylamide gel electrophoresis. as well as investi-é‘

gatiﬁg the'perf rmance.of fluéréscamihe 1abe11e&Abléoﬁyciné

oﬁ convential’polyaérylamide électrophoresis. |
ConventionélASDsjPAGE ofvunlabelle& Bleomycins wass

also investigated, the separatéda bleomycins were located

by means: of conveniipnal gel staining procedures using .

. Coonmassie Brilliant Blue G250.
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MATERIAL AND. METHCDS -

Haterials

Acrylamide, N,N'-methylene-bisFécrylamide3 ammonium:
persulphate, N,N,N',N'-tetra methyl ethylene diamine: (TEMED),
sodium dodecyl sulphate, alanine, bromophenol blue and ‘glycerol
were:obtéined from BDH! Ltd., Poole, U,K; Cbomassieebrilliant
blue G.250 (C;I- 142655) was obtained from Raymoqd‘Lamb;
North Acton, London N.W.10: 6JL.

The: Shandon Analytical polyaérylamide‘electrophoretim
apparatus and Vokam powef pack weretobtained from Shandon

Scientific Products Ltd., Runcorn, U.K.
- Methods:

Polvacrylamide Gel‘EIedtrophoresis of Bledmycin-Fluorescamine

Derivatives.

10 nl. of an aqueous bleomycin sample was: mixed with
30 - nl. of 0.05 M sodium phosphate buffer 'pH 8.0 containing
glycérol to give a final concentration of 50% (v/v) in a
2.0 cm x 0.3 cm glass tube. While the solution was béing
rapidly mixed on a Vortex:mixer, 8 al of a freshly prepared
solution of fluorescamine in acetone (3 mg. cmnBT was-rapiély.
added from a 10 pl. Hamilton micro-syringe. The solution was:
mixed for a~further-3075econds then allowed to stand‘at-room
femperature in the dark for 10 minutes. A blank solution
and a refergnce:solution were also prepared by the same
method except that 10 nl. of double distilled water was

used instead of the bleomycin sample in the blank solution
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and 10 pl. of 10_3.ﬂ_a1anine was used in the reference
solution. .
- The running'gel acrylamide was prepared by dissolving

. 20.0 g. acrylamide and 0.625 ge. of methylene~bis-acrylamide

iﬁ 100 cm3 of water,. After the components had dissolved

the solution was filtered and collected in a brown bottle:

and kept, except when in use, at 4°¢,  The ammonium per~

sulphate was freshly prepared by dissolving Lo mé. in 10 cm®
distilled water.  The TEMED sqution was prepared by dissolving .

O.I.cm3 3

in 9,9 e¢m” distilled water. Solution A was O4OM
Tris-HCI pH 8.9 buffer. The running gel compositions were

prepared as followss

% Running Vater (cm3) Acrylamider Solution TEMED Per-
Gel (cm”) A sulphate
7.5 9.0 9.0 3.0 1.5 1.5
10.0 6.0 2.0 3.0  I.5 1.5
12.5 - 3.0 15.0: ' 3.0 1.5 1.5

The aéfyl&mide, water;”an& solution A were\mixed’in the:

..éroéortion indicated and then deaerated. TEMED was: then added
to.the mixture;and the solution again deéerated& The ammonium
persulphate'was then added, the solutioﬁ mixed and the degassed
solution placed in each of eight‘glass~gel tubes (7.5 cm x

' 0.6 cm) held vertically and sealed at the lower end with a
rubber gasket. The-tuﬁes were filled to within I cma of the
top, taking care not to produce any bubbles.. About 0.5 cn®

>

“of a solution 4/8 (1 cu solution A and 7 cm” distilled water)

- was carefuily layered on top of each gel in order to exclude
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oxygen and to give the gel on setting a f1a£ surfaée. The: -
‘gel. polymerised’ in about 20 minufes. |

After the gel had formed the A/8 solution above the
geL was drained off and the upper gel surface‘rinséd several
times with A/8 solution.. The top of each geI was_then'drieﬁ'
with a tissue. and each tube filled with solution AJ%, The
’rubber'gaskef covering the bottom of the éel tube was carefully
removed and the upper end of each tube was then inserted in
tﬁe»uppgr bﬁffer reservoin;.. Approxihately 300 cm3 of’
solution Aﬁwas-placed in the: lower buffer reservoir, this was
then covered by the lower-electrode assembly. ~ The upper
reservoir: was: then placed..sd_tﬁat the lower ends of the
rﬁnning'tubES péssed,ﬁhrOugh-thé.holes-in:the—loWEr‘elecffode
assembly. Twenty microlitres of the sample was: Yayered on
"~ top of the gel. This was repeated for anothér 2 tubes,
then 20 pl. of blank solution was applied to-tﬁo_of the gel
tubes, 20 pl. of alanine reference: solution was applied to
two df the gelftubes,and-finally 10 pl. of bromophenol blue
(0.2% in 10% sucrose) applied to the last tube. The uppér

3

reservoir was then filled with ébout 250 cn” off buffer solutione
The lid-electrode assembly was,pladed;oﬁ the upper reservoir.
The positive lead of the Vokam power pack was coﬁnected to
'thelloyer electrode and the negative]sad-connected to the

upperr Iid electrodea fhe electrophoretic conditions'use&

were a potential of 200 v ﬁhich gave a current éf 2.5 mA per
tube. - The progress of electrophoresis coul&fbe:monifore&

by following the migration of the bromophenol blue marker:
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visnally and the: migration of the leading fluoresceﬁt band by
illumination with long wave uifra-violet radiation. After
the bromophenol blue\manker had migrated aﬁout 5 cms, the
;urrént was switched off and the tubes-qgickly renoved from
the electrophoresis apparatﬁs,,drie& with tissue: and exgmine&
under long wave U.V. radiation (365 nm),'the:posit%ogs of
tﬁe green-yellow fluorescent bands were then noted.

Gel. electrophoresis was also carried out at an‘acidim
pH . | The following solutions were prepared accor&ing‘to:

Devenyi and Gergely (102).

Solution A
L8 cm3 of lM.pota851um hydrox1de, and 17.2 cm; of
' glac;al acetic acld and 4.0 cm3 of N,N N ' N '-tetra methyl-

3

ethylene diamine, made up to 100 cm” with distilled waters
Solution B.

0.13 go of methylene~bissacrylamide was dissolved in
distilled water, followed by 20.0 g.. of acrylamide. The
solution was made up to 100 cm? with distilled water.  The:
solution was then filtered and stored in a brown bottle.
SoTution C

This was prepared just before use. 0.28 g. of”
ammonium persulphate was made up to‘25'cm3 with distilled

waters..
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Electrode buffer (pH 4.5)

16.1 g..of[&-alanine was dissolved in distilled water,,

3

4,0 e’ of glacial acetic was added and the solution made up

? hy the addition of distilled water.

3

to a volume of 500 cnm
) The gelsﬁﬁere prepared. by mixing 2.0 cm” of solution &
andilZ.D‘cm3 of solution B.. This mixture was then degésse&
and then 2.0 em’® of solution C added. The tubes were filled
 in a manner previously described, The:fluore;camine'derivatives:'
.of bleonycin were:prepafed‘by the-method already described.
-except that potassium phoéphate (0.05M) vas used instead of
. sodium phosphate. Before the samples were placéd on top of
gels they were diluted with an equal volume of electrode
buffer. S - . |
Bromophenol blue was not used as a marker*because the
solution was electrophoresed towards the negative electrode. .
Electrophoreéis was carried out for 80 minutes at arcurrght
of &4 mA per tube. At the end of the run, the current was
éwitched off and the positions of the fluorescent bands: |
observed By examination under long wave ultra-violet.

radiation.

Sodium Dodecvl Sulphate-Polvacrylamide-Gel Electrovhoresis: .

of Bleomycin-Fluorescamine Derivatives

Electrophoresis was carried out on 12.5%'gels,,sddium'
dodecyl sulphate: (SDS) was: distributed throughout the gel
‘and tank buffer at a concentration of 0,I%. The system used

was: that of Weber and Osborn (93).
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- SoTution A (Gel buffer) |

- A soluticﬁ of 558 g of sodium dihydrogen phosphate
monohydrate and 38.6 g. of disodium hydrogen phosphate
hexahydréte'pﬁ 7.5 with 2M sodiun hydroxide;was-made up to
1 litre with double distilled water. Sodiun dodecyl sulphate
was added to this solution to a final concentration of 6.2%'

(w/¥).

Solution B
A 3%.3% (u/v) solution of acrylamide in distilled

watere

Solution G
A 2.25% (u/v) solution of. N,N'-methylene-bis~acryl

amide in distilled water..

Solution D

An aqueous solution of ammonium persulphate (10 mg.

cm?a} prepared just before use.

Solution E
The tank buffer was the gel buffer diluted I:l with

distilled water..

3

. The gels were polymerised by mixing lS cm .of gel
buffer, 11.0 cn® acrylamide, 2.5 om’ of bisacrylamide. This
solution was deaerated, then 1.5 cm3 of solution D én&

0,045 cm? of TEMED added.. The: solution was again deaerated
and then transferred to eight glass tubes (7.5 cm long x

0.6 cm bore) held vertical and sealed at the bottom with
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parafilme. = Each gel wasrfiiled to within 1 cma. of the top
‘and the gel overlaygd'with disﬁil}edlwater. - Polymerisation
took place within 20 minutes but the gels were left for one
hour before use after which time the overlayering water was.
removed and. each gel washed with.distilled waters.

Bleomycin (1 mg.) was dissolved in 100 pl of 0.1M
phosphate buffer pH 8.5 containing 0.1% SDS.. The:solution
was heated te ;OOOG:for 3% minutes: to ensure complete édmpIexing
of SD3 and bleonmycine. After cooling in ice, 5 pl..of 1 mg.
cn? of fluorescamine in dimethyI sulphoxide was added
rapidly from a 10 pl Hamilton syringe, the mixture béing
stirred.in.a Vor tex mixex while the fluorescaﬁine was addéd;
A further 5 pul. of‘the fluoreséamine was addeé to the
solution. The labelling was. checked using long wave ultra
violet light. 100 pl of‘0.2 g..cm"3 sucrose solution was:
added to the tube again with mixing followed by 5 pl.. of
tracking dye: (bromophenol blue 5 mg. cm"B).; Fifty microlitres
of the fluoréscent sample wass carefully 1ayéred on t0p of each
gel followed by 5% sucrose on top of the gela Electrophoresis‘
was; started at 1 mA/gel for the first 30 minﬁte; then'it was
increased to 8 mA/gel for 3 hours.. The migration distances

. of the bleomycin fluorescanireSDS complexes were then measured

by observation under long-wave U.V. light..
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SDS-PAGE of bleomycin samnleé followed by staining of gel with

Coomassie Brilliant Blue G250

Solutions used were the same as those in the previous
.experiment except that there was no 1abe11iﬁé of bleomycin with
fluorescamine. At the end of therelectrophoresis, the gels
were removed. from the tubes and the position of the tracking
dye was marked by pIécing-a thin piecerof-wire\through the
gel at the apéropriate positione. o | o b

The bleomycins ﬁere‘visualisediby staining for 1 hour
in 0.2% (w/v) Coomassie Brilliant Blue G250 (C.T.. 42655)
in a_gléciaI acetic acid-ethanol-mixture (10:4 by vol).

" The excess-COOmassie;Brilliant Blue was removed by
. repeated washings in a solution of glaciai acetic: acid~

ethanol-water mixture (8:25:65 by volume).
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Results

Gel electrophoresis of fluorescamine-labelled bleonmycins
gave electrophoretic patterns that varied with the aérylamide
concentration of the gel used (Fig., 10). With the 7.5%
acrylaﬁide the commercial bleonycin sample components either

remained at the origin or migrated with the buffer front.

 When a 12.5% or 16% gel was used, the fluorescamine-labelled
]

commercial bleomycin sample gave two fluorescent bands one

"of which remained at the origin and the other {(weakly

flvorescent) migrated towards the anode but migrafed some
distance behind the buffer front, The bleomycin B, sample '
gave a fluorescent band which remained at the origin.in the
12 .5% and-;6% géls. The fluorescent band at.the origin was
assigned to the fluorescamine derivatives of bleomycins‘A2
and Ba. The anodic fluorescentlband of the bleonmyecin
mixture was assig;ed to bleomycin Al.

A fluorescent band which migrated with the buffer front

~at all the various gel concentrationswas obtained when the

. reagent blank solution was labelled with fluorescanine.

No primary amines were present when the blank solution was

labelled with fluorescamine and this suggests that an impurity
might be present, A similar result was obtained when the

teloce of bleomycin-fluorescamine derivatives was investigated.
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'-Figure 10. Gel electrophoresis of fluorescamine—labelled

“bYeomycins at pH 8.9 and at varying acrylanide conc.

The following patterns were obtained by visualisation

of gels uander U.V. light (365 nm).

7+5% Gel

Bleomycin Blank Reference . Pure:
Test (Reagents (Alanine) -~ Bleomyein -
Mixture onXy) - B, -
- pestczmn

s

b L et

12,5 and 16% Gels

- ety : | _
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" Pigure 11l. Polyacrylamide gel electrophoresis of fluores—

camine-labelled bleomycins at pH 4.5 and at 15%

acrylamide concentration

Bleomycin Blank . . Reference’
. Mixture . (Reagent ‘ solution
+ onIy) (Alanine)

e

Fl1 « Fluorescence observed
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: and
Gel electrophoresis of bleomycin of the bleomycin-

fluorescanine derlvatlves in 15% acrylamlde gels and at =
-pH of b, 5 gave.rise to two weakly fluorescent bands (Fige ll).
Both migrated towards the cathode, the fast moving band was:
assigned to the impurity reaction with fluéresqamine since the:
reagent blank algo gave thls band. The other slower moving
band . ca11ﬂ1ded w1th that obtalned with the bleonycin B2
lsample, Since no other_fluorescence ban&s'were*observedfit
was cbnsidered that in the bleomycin mixture, both the‘majbr -
| bl’eomyciné- ('Az a'na B,) migrated fogether.. ‘The limit. of
detection vas determined to be 3 mg..qm-B for the_bieomyéin
mixture. The fluorescence obtained at this pH waSAweaker
than that obtained at the ‘optimum pH 8.9.

SDS~PAGE of the bleomycin mixture at pH 7.6 resolved
the mixture into two bands. Bleomycin AZ sample produced a
single band which had a similar mobility to the slower band of
the'bleomycin mixture, The faster band was assigned to
bleomycin BE.(Fia.m)

_when,fluorescamine dissolved in acetone was used, the
acetone sometimes rescted with the polyacrylamide gel when the
sample was layered on the gel. This was overcome by using

dioxane: or dimethylsulphoxide solutioﬁs.
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“Figure 12, SDS-Polyacrylamide gel electrophoresis of bleomyecins

and. bleomycin~fluorescamine derivatives at 12.5%

acrylamide

Bleomycin ‘ Reagent: Ta

. mixture: Bleomycin A,
fluorescamine |
Fabelled

|

+
Coomassie
brilliant blue
labelled

4
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Discussion

-Fluorescamine modification of peptides gave these
compounds extra negative charges énd it was found fhaf the
best conditions‘to-séparaté fluorescanine lébelled pepfides
waé at high acrylamidé,concentrations (12 - 16%) and in the pH
range 8.9 - 9.4 (98), When fluofescamine labelled bleomycins
ware iﬁvestigated ﬁnder similar conditions, the major-Bleomycin
componeﬁts (A

2
bleomycin A, derivative migrated through the 12.5% gel

and BE) remained at the origin while the

towards the anode. It appears that the bleomycin Al—

. fluorescamine derivative has an overall negative charge at

pi 8.9 while the A, and 3B, derivatives have arﬁet charge

of zero. The bléomycin A2 and B2 have charged terminal

amines while the Al aoes not and this may explain the difference
in electrophoretic mobility of these fluorescamine derivatives -
aﬁ this pl.

When the separation was carried out at pi 4.5, both
bleomyéin Aa and 32 derivatives were positively charged and
migrated through the gel towarés the cathode. A single,

‘weak fluoresceht band was obfained, no zone due to bleomycin
Al was observed.

The SDS-PAGE of the bleomycin and b}eomycin-flﬁoresf

c;mine derivatives separated. the 6ommerciél bleomycin mixture

into two bands whichﬁwere-assigned to bleomycins A, and 82

2
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respectively. The greater mobility of bleomycin Bz compared
with that of bleomycin KZ sﬁggésted that the latter bleomycin
had a greater molecular size than that of bleomycin Bé.
~Nunn (101) obtained a similar observation when studying the
-géi fiifration of:individuai bieomycins éﬁd prdpoégd?f@at
althoggh bleonmycin Aa and.Bé have. almost similam molecular
weights, bleomybin Aérhas a far gregter.SFokes radius than
bleonycin éa.~ " The sensitivity of both SDS gel électrophoresis
were not very satisfactory but the fluorescamineiderivative
“bechnique proved to haﬁé.greater sensitivity thaanhe trad%tional :
staining procedure. |

The electrophoresis of iiubresCamine‘derivatives-of
'61igdpe§tides'may find general applicétidh‘Siﬁce Qligopeptidésv
have tended not be studied by gel electroPhoéesis due to the
lack of suitaﬁle staining procedures. TFluorescamine should.
be a useful reagent for labelling oligopeptides since it can
label priméry amino groups with high sensitivity. The
developﬁent cf fluorimetric methods of scanning gels (103)

should enable such separations to be made semi-quantitative.



CHAPTER 4

HIGH PRESSURE LICUID CHROMATOGRAPHY OF- THE - BLEOMYCINS _

INTRODUCTION _

| High pressure liquid chromatography (h.p.l.c.) has:
uhdergone considerable developments (104) over the last few
years to becbme an analytical technique capabIe.of”seéarating
complex mixtures and having senéitive, low dead volume detectors.
Hepel.c. offers shorter separation times and'greater resolution
than open column chromatdgraphy or thin layer chroﬁafcgréphy,
Involatile:: substances can be analysed directly unlike gas-—
liduid'chromatogréphy which requires the preparation of-
volatile derivatives. Thﬁs'h.p.l.c..is particulgrly
suitable for the analysis of complex'mixturesréf polar,
~relatively high molecular weight compounds such as the
bleomycins;.

There have been several h.p.l.c. studies of antibiotics
including griseofulvin (105) bacitracin (106) and the
tetracyclines (107).. The bleomycins have also beén investi-
gated, Eckelmann et al. (11) studied the h.p.l.c. of metal-
free bleémycins and157Coba1t-b1eomycins using several stationa;y
phases.. Most of the stationary phases including the reverse-
phase, cation~exchange and ligand~exchange We;e-found t6 be
, unsatisfactory. No separation was aghieved with the ;igand—
exchange stafionary phése (Cheiex;100 in the cépper (11)

form) due to strong absorption.
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Separation was achieved on cation exchange: resing at
relatively high temperatures (60°C) and‘high ionic strengths
(0.1 -~ 1.0M ammonium formate) but even under these conditions
the analysis times wére excessive., The identification of
the separated fractions was. made more difficult by the need
to freeze-dry large volumes of §olution in the recoveri process
and by the presence of relatively large amouﬁts of ammoniun
formate. Eckelmann and his co-workers found that the best
system tcrseparate tbé bleomycins-waé the use of a silica gel
(Porasil A) stationary §hase and a mobile phase of 0.3% |
aﬁueous ammonium formate:methanol (1:1).. The only %technical
details provided were that the separation was carried out ét
. room temperature and at a flow gradient of 1-5 cm3 m:’.n.m1
mobile phase. In a later paper (12) further dekéils were

27

supplied, the bleomydins as their ”"Cobalt chelates were

2
and dimethyl A

separated into two major components (bleomycins A and BZ)

and two minor components,.bleomycins Al 2
(DMAé), the: entire separation took six hours. Rzeszotarski
and his.co-workeré (12) also investigated the reverse-phase
.separation of the Eleomycins on.a u-ﬁondapak.Cialstationary
phase and elutéd with SmM ammonium formate iﬁ agueous metﬁanol,
the- methanol concentration waé-increasedﬂfrom 15% to 95%
during the: analysis. The separation took place at room
temperaﬁure and took 4 hours. The bleomycin miiture vas
ggain separated into two major  components (BLM-A and

2
and BLM-DMA,).

BLM-B,) and two minor components (BEM—A1
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The presence of ammonium lormate was considered to be of

critical importance for the elution and resolution qf the

- - o cas - P R - « e - -~

bleomycins, it was thoughtit suppressed‘-the ionisation of

. the bleomycins and increased the polarity of the mobilé

phasé. The relétive:volatility oframmonium formate compared
with salts like sodium ckloride was beneficial when the major
fractions were collected after h.p.l.c. separation and freeze~

dried prior to identification by comparison of the R, values

T
ﬂof the residues with those of the bleomycin mixture on.
silica gel telece (10),
‘The analjsis of bleomycins so far developed for h.p.i.c.
take a considerable;time to attain separation. There is a need
| therefofe Tor a rapid analytical separétion of bleomycins

by h.p.l.ce in quality-control studies of the commercial

bleomycin mixture.
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MATERTALS AND METHODS,

Materials

Ammonium formate and A.R-.Methaﬁol.were obtaiﬁed from
B.D.H; Ltd., Poole, U.K. Silica gel t;i.é. plates (0,25 mm
thickness) .were obtained fr@mAE. Merck, West Germany.
. The chromatography columns used were u Pora511, a fully
porous, small particle (dlameter 10 pm) 8111ca packlng,
~and n» Bonda@ad C. 18 & 10 micron. partlcle packlng wlth octa-
decylsilane chemically bonded to a solid silica support;
Both columns {(dimension 300 mm x 4 mm i.d.) were purchased

pre—packed‘from Waters Associates (Inst.) Ltd., Stockpar t,

. U.K. | The h.p.l.c. apparatus consisted of a Waters Associate

Modei 660 solvent programmer, a M6000 chromatography recipro—
- cating pump and model UK septumléss injector, model 440 |

_abéorbance detector fitted with a 254 nm interference filter-
and an LKB flat bed recorder opefatihg on 10 mV range.

Al) water used was double-distilled and all h.p.l.c.
lsolvents were filtered through Whatman  ’glass‘fibre filter‘
OF/C and also degassed prior to being used in h.p.l.ﬁ.'system.
,A stainless steel sintered filter (20-30 um) was used %o |
remove.poarse, partiéulate matter - from the deiivery system*_
taking ths solvents to the solvent programmer.. At the end-
bf each chromatogréphic run, the system was washed with a
methanol:water (1:l v/v) mixture for at least twenty minutes.
The samples were injected onto the sysﬁem by means of a

Pressure-Lok 10 pl liquid micro syringe..
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The solvents were prepared dailyras ;t was found thaf-m
'*“the'separations'attained-wgreuadversely affected'when ége&_
mobile phases were used;
The bleomycin standards wére-generously provided by
_Df, N. Nunn. Bleomycin B, standard was pure but‘fhe
bleomycinrA2~standar& contained bleomycin Al and Bg as
impurities; Bleomycin Bé constituted apéroximétely 10%

of the: bleomycin Aa standard sample,

Methods

The solwent delivery system was filled with,fhe
appropriate sgolvent by pulling the solvent through by means
of a glaéslsyringe, this:also;enabled'anylfrapped %irebubbles
to be removed. - The column was filled with solvent by forcing
solvent through it by means of a syringe.. IWheﬁ it was
-considered that there:were no air~bubbles trapped in the
sjstemh the‘reciprobating pump was étarted up and éolvent
forcedlthrouéh the system at the appropriate flow-réte and-
the pressure of the system noted. After.twé;tj minutes, the
 system‘wgs ready for the injection of samples an&mthe detector
switched'to the required sensitivity. If the sample was to
be investigated under‘isocfatic conditions the programmer
was sef at the appropriate flow ratey if a gradient elution’
separatién was réquired.the appropriate gradient system was.
chosen and the time taken to achieve the gradient also -
selected. The microsyringe was filled and emptied several

times with appropriate solution and‘then.filled to the required
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sample volume, the outside of the needle was wiped with a
paper tissue to remove excess sélution, the injector éystem
switched f:om "COLUMNY to "FILL" and the éyringe needle
inserted into the injeétor~septum. | The required sampie
volume was injected into fhe loop system, the syringe ﬁas
then withdrawn and the injector swifched:tbz"COLUMN". The=
sample was swept into the column and at the same instént an
electronic éign#l‘sent to the recorder to mark the time of
injection on the recorder chart,.

Thé course of thé chromatographic separation‘was traced
out on the recordef chart. If a séparated component was
réquired} for further study e.g. t.l.c., thé recordef chért
was monitored to observe when the peak was‘being traced out
‘and a clean test-tube was placed below the outlet tuﬁe'and
the eluate collected until it could be seen that the recorder -
pen was returning to the base line. The eluate: was then
freeze-dried prior to t.l.c. investigation. : The t.lece
method used to investigaté the components was that of
Umezawa et _al. (10) and the retention vaiues (Rf) were
céﬁpared.with those. of the bleomycin mixture which was

separated on the same t.l.c. plate.
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RESULTS

A typical h.p.l.c. chromatogran of.the'blécmycin '
mixture using p Porasil stationary phase is shown in Fig. 13.
An idenfical fesult was obtained with a mixture of bleomycins
in the copper (II)Vform. If a gradient elution system'wag
used the retention time for the most strongly retained
component could be: reduced Figs.ll The=variéus components
were collected afte: elution from the detector,, subjected to
freeze-drying and then t.l.c. The Rf.vélues of these components
were compared with the Rffvaluészof certain bleomycins Table b
Component 2 gave an Rf value which identified it as BIeomycin
Bé- Component 3, the most strongly held component, gave
two spots on the t.l.c., the major spot corresponded to
bleonrycin Al apd the qthen'to bléomycin Az. *Other-workerﬁ
(11) had previously observed that freeze-drying partially
demethylated bleonycin A2 and the resulting deme:thyl.!\2
vas oxidised to yield bleomycin Ay Fige15. This would

explain the presence of bleomycin A, in the fraction contain-

X
ing component 3.. The identity of the two major components:

were also investigated by using bleomycin standards Fig. 17.
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Figure 13. Isocratic hep.lec. of bleomycin usinzg xn Porasil

Column - u Porasil (300 mm x O.bk mm);‘ flow rate -

>

2 cnm min”l; mobile phase - 0.3% ammonium formate-methanol
(1:1); sample - 10 ul. of O.k mg. cm~3-aqueous bleomypin:

zbsorbance range 0 - 0.10.

|

N " [l Il 1 . 1

0 .5 10 15 20 25

PTime (minutes)
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Figure=]ih' Gradient elutioﬁ of agueous bleomycin usiﬁg'

) _Porasil

0 5 10 T 20
Time (minutes) 2
3

Column - p Porasil (300 mm x. O.% mm); flow rate - 2 cm 'ﬁinél;
mobile phase - first five minutes, 0.3% émmonium formaté- 
methanol (Iz1) then linear gradiént changé in.3 minutes td
(60) 0.3% ammonium formate-methanol (3:2); Sampie~— 10 ul

3

0.4 mg cm” aqueous bleomycin; absorbance range 0 - 0.20,
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Table: 6 . Retention times of Rf values of the ffeeze—drie&_

domponents after an Porasil chromatography.

H.P-loc- Retention ] RE
Component  time (mins) Bleomycin obtained Rf value (10)
2 b B, 0.68 0.68 .
3 114 A, 0,40 0.40
| | 0-12
1 : 3 . El 0.72 0. 74

Figure: 15. Conversion of Bleomycin K,.té Bleomycin A

L

- CH

- NH - (CH2)3 - i - 033 AZ
Demethylatioﬁ

- NH - (CHZ)B -5 - CH; ' Demethyl-Aé
Oxidation

- - (C -85 - A

NH - (CH,); - i CH 1

(o]

Further confirmation was'obtéined by subjecting the
bléomycin mixture to silica gel t.l.c. The agueous solution
was streaked across: the origin and evaporated by a cold Streém
of air. After chromatographic separation, the plate was dried
 for one hour in a stream of cold air. It was then examined

under ultra-violet light (265 nm) mdd the zone corresponding
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Figure 16. Plot of peak area against total bleomycin concentration

Column - . Porasil 300.) mm % O mm: flow rate - 2.0 cm3

min'l; mobile phase - 0.3% ammonium formate-methanol (1:1);

Sample volume - 10 ul; absorbance range 0 — 0.05.

1000

Bleomycin Aa
750

m'; :

S 500 Bleomycin B,
s

[H]

5

<

K"

o
)

o

250

0 2 4 6 8 © 10 12

3

Total Bleomycin conc. mg. cm
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Fi'p;ure 17. _n Porasil h.p.l.c. of bleomycin standards

k L 2 L] | ..

0 5 ' 10 15 20
Time (minutes) ‘
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.to bledmycin B2 component was:carefully scraped off, placed
in a clean glass centrifuge tube, mixed with thg minimum
amount of 50% aqueous methanol and centrifuéed at 1000 Ee

for 5 minutes. ' The supernafapt was' removed an& filtered
through Whatman'glass fibre filter GF/Cy an aliquot was then
_injected‘onto the hapalece and save a peak of retention

time identical to blcomycin B,.

The. limit of detection of bieomycin Ba was estimated
to be-0.0h‘#g. cm”37(5 nl sample) and the retention times of
the-separatéd components were determined Table 6. The plot
af peak aréa'(% base x height) against increaéing bleomycin.

'Ioad Fig.lG_indicateﬁ that the bleomycin mixture could be
Quantitated-by this technique:in spite of the badly tailed
peak exhibited bj bleomycin Aa. K comparison was madelof.
the percentage composition of a bleomycin mixture determined
from the h.?.l.c. results with the values obtained by.the‘
nanufacturer's who used microbiolegical aésay and t.l.c.

techniques Table 7.

' Table 7. Percentage composifion of bleomycin mixture

Bleomycin - Huepele.ce (%) Manufacturer's analysis
component - (%%
Aa 61 - 63.9
B, | "33 - 30.9
A, and §
1DMA2 | 6 3.6
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Note.. The'percentége:COmpositiOn of the mixture was. determined
from the h.p.l.c. results by estimation of the areas under

the respective peaksw‘ Bleomycin sample Lot Number UllASh.

The second stationary phase‘investigated was the
reverse—phase:columﬁ N Bondapak 018 which consisted of =
monomoiecﬁlar layer of octadecylsilane chemically bonded
Ato a poroué silica support.. In order to separate the polén*
. bleomycins on this:non-poiar stationar& phase, a)couﬁteé-ion
had to be added to the mﬁbile phase in order to suppress the
ionizatioﬁ of the bleomycins and hence make them less polar.
Three such cbunter—ions were employed in agueous methanol
solutionni—heptang sulphonate3 perchlorate and formatew..

The methanolpformatésseparation obtained is shown in Fig»lB.-l
The l=-heptane sulphonate affected the column efficiency and

" a deterioration in column performance was: observed, it was
possible: that this was due to the acidity of this counter-

ion solution even though the coiumn was always washed at.

the énd of a chromatographic run for at least twenty minutes:
with 50%'aﬁueous methanol. - When the formate-aqueous: methanol.
mobile phase was: subjected to a gradient elution procedure,’
an incfeasé in U.V. absorbance was obﬁainedﬁwhen the . 95%
aqueous methanol-5 mM formate was the mobile phase., This

was considered to‘be due to- the less polar bleomycinsV

present in the mixture namely bleomycins Hi and demethyl

A, but were not identified:by toloce probably because of

the small amounts of these components present..
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Figure 18. Reverse-phase h.p.1l.c. of bleomycins using Cig

g Bondapak-

Column, CIB n Bondapak (300 mm x 4 mnm); flow rate 1.0 cm?
min-rg mobile phase - 80% aqueous methanol containing 5 mH
ammonium formate; sample 10 ul aqueous bleonmycin L0 mg cm3;

absorbance range 0-0.10,

—_— ]

0 5 10 15 20
: Time- (minutes)
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The two major components'were identified by comparing their
retention times (Table 8) - "~ . ° ° ~ with the standard
bleomycin solutions and by mixing the two standard solution

Fig» 190

Table: 8. Retention times of bleomycin &, and B, obtained

‘with Cyg p Bondapak reverse-phase column

Bleomycin ~ Retention time (mins)

A, - k2
B, ' - 3% ’
3

Conditions ~ flow rate - I cm min-l, pressure - 2000 peSeie,
‘mobile phase — 80% ag. methanol containing 5 mM ammonium:

formate,.

The”peak.elutedﬁfirst was: also identified as being
due to bleomycin B, by subjecting the eluted fraction to
t.lece aﬁd Rf_of.the compoﬁent was found to be 0.68.

When perchlorate-was used as the mobile phase counter
ion a singie fast moving peak was obtained and when this
eluted fraction was subjected to t.l.c., bleomycins A,
andiBZ were found to be present. It is of note that in He
1étter case the separated componentsxalthough detected dn

the t.l.c.. by ultra-viclet absorption (260 nm), did not

fluoresce: when sprayed with fluorescamine..
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Figure 19, Reverse-phase h.p.l.c... of bleomycin standards

using ¢18 ‘1 Bondapak

0 5 10  CR
Time (minutes) ’
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DISCUSSION

The h.p.l.c. separation of cﬁmmércial biéomycin using
._u Porasil as a stationary ﬁhase resoived the‘complex ﬁithin |
twentylminutes into twormajon*components AZ"BZ and minor
comporent A;.  The copper (II) bleomycins gave a simifar
separatiqn pattern to that of the copper;free bieomyéiﬁs.
This study emphasised the need to carry out the chromato~
'gréphic separation and isolatioﬁ 6f.the bleomyci; coﬁponents
under mild conditions in order t§ prevent chemical modification
of the bleomycin A2 molecule,. Reasonable‘symmetry\ﬁas
obtained with the earlier peaks due to bleomycins Al and.
B2 but the later peak due to bleomycin A2 was: badly taiIed.'-
This tailing probably arose.due to specific adsorption of
this component onto certain favourable sités on the silica
éurface. .The presence of the polar fqnction érouﬁ - g_-
(CHg), in the bleomycin A, probably influenced the tailing.
The separation times obtained . .7 1. - [ S
for the bleomycin components were far quicker than those
obtained by previous workers tll), the entire separation
was  attained in less than twenty minutes: while thaf of
Rzeszotarski et ali. (11) took six hours. The column
diﬁensions used were far greater (1220 mm x 9.5 mm) than those
used in this study (300 nm x 4,6 mm).: The stationgry phaée'..
used by Rzeszotarski et al. was Porasil A, a totally porous

silica particle packing of diameter 37-75 um, suitable for

large scale preparative work but giving sloW'anaiysié times..
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The stationary phase used in this study was u Porasil,, a -

- A

porous small. particle packing (10 um) which is designed

[P (S S — a R ~

for fast analyses.

There was also reasonabie agreement between the
percentage composition of bleomycin mixture determinedffrqh
;h.p;l.c.'studies;compared with the values obtained by
micrbbiolqgical.studies.'

The ion—pﬁir:studieé using thé_counter—iéns 1-
.héptane sulphonate and perchlorate were ofrlimite&'application
since the former affected column performance and its use
had to be discontinued while Tatter countar—ion did not
:separatelthe bleomycinsrand results suggested that the
bleomycins were modified by theipefchlofateb' Thelformate
-ion-pair system used gave arrapid sepafation of the majoxr
bleomycin-r_components:(ﬁ2 and Ba) but the less polar_bleomycins'

(El and'DMAé) were only elutedffrom-théléolumn with a mobile
phase of 95% aqueous methanol (5 mM,ammbnium fprmate).
Thgkelution of the bleomycin 32 before bieomyqin Aa_wgs
unexpected, it was thought that the more polar.bleomycin Aé
would be thé‘less strongly neld of the.two bleomycinse.
Although this procedure would not detect the prescence of
the more toxic bleomycins (e.g. bleomycin Bq) which can be
found in commercial bleomycin preparations it should'be of
use in examination of the two major components, bleomycins

A, and B, which constitute about 90% of the: preparation.
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CHAPTER 5

PURIFICATION PROCEDURES

. INTRODUCTION

The plasma and ﬁrine‘levelé of bleomycins are of
considerable importance since they can indicate how much of
the therapeutic dose remains in the patient's body. The:
plasma level is also believed to be an indication of the
bleomycin avaiiable to the tumour tissue (11). The ability
.of h.p.l.c. to bring abouf & rapid separation of microgram
quantities of bleomycins in aqueous.solutions led to the
considératioh of analysing bleomycin levels in physiélogical
fluids usiﬁg this technique.. The detection system available:
(U.V. absorbance at 254 nm) required sample “cléan—uﬁ" in
order to minimise interference in the assay from other
biological compounds present in physiological fluids. The
bleomycins are compounds which are soluble in water and.
methanol but are insoluble in less polarrgrganic solvents e.g.
chloroform and carbon fetrachloride, hence they cannot be
purified by organic solvent extraction procedures as can for
instance the barbiturates (108). Distillation procedures
do not seem to be applicable since bléomycins are relatively
involatile (decomposition temperature'appfox. 196°C) (2).

A possible method of removing some of %the poSsible
interfering compounds is ion~exchange chromafogréphy- CM--
Sephadex C-25 and Amberlite IRC~50 (H' form) have been used

te purify bleomycins obtained from the culture filtrate of
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S,'verticilius (10). Since there is a possibility of the
bleomycins being denatured by interaction with strongly
hydrdphobic_matrices-in polisﬁyréhe based exchange resins,,

2 cellulose_baséd resin - cellulose phosphate might pro%ideA
'atbetter alternative . | |

Cellulose phosphate was used by Kremzner (109) tgﬂ

purify the aliéhatic polyamine spermidine N-(}-amino-proPyl}f'_
l,h—bﬁtanédiamineVfrom.biological_tissues.p?ibr to flu&ri-
metric analysis. This method was later modified by Abe and
Samejima (110) to determine ~- gpermidine and spermine in |
animal tissﬁes. The tissue ék‘interest was homogenised with
cold 25 perchloric aéid aﬁd tﬁgn centrifuged. - The resulting
supernatant was then subjécted to cellulosé phospha£e‘chromat0w
graphy followed by a step-wise elution procedure. The
.fraction containing the polyamines was then evaporated.to .
dryness, the residue dissolved in 100 ul of a watér—methanoI
(1:1 v/v) mixture thén subjected to t.l.c. The separated.
compounds and an internal standard were locétgd Ey staying
with fluorescamine and scanned by a fluorimeter equipped with
a t.l.c, scanner and a recorder..

| One of the purification steps usea in the original
study (2) of the bleomycins was gel chromatography using
.SephadextG—ZS which split the bleomycin mixture into two major
groups & and B. The exclusion limit for peptides and |
dektrans with Sephadex G-15, the gel immediately below G~25

in the pore size, is a molecular weight of approximafely
1,500.  3Bleomycins have an approximate molecular weight of

1,500 and may be regarded as glycopeptides so it is possible
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that they may be eluted in the void-volume of a G-15 column.,
If this were the case, it would be possible to separéte
bleomycins from possible low molecular weighf interfering
Compounds. | |

Ultrafiltration could be empi&yed to remove low
polecular interfering compoupds from the bleomycins. Thié
procedure is rapid and reasonably efficient and it has the
additional advantage of béing a mild procedure. . The
retention of a molecule by a filter can be expressed by the

rejection coefficient 6

6 = 1 - Ei (Solute conc, in filtrate)
Y {Solute conc. in bulk solution)

The rejection coefficient is a function of the. mole~
cu1a£ weightrof the molecule, total membrane exclusion is 1
while 6 = O represents complete permeation of solute.
Hevertheless the grading of membranes on thé basis of molecular
weight cut-off is quite arbitary_and it would Se.more sensible
to express the retentivi&y‘or rejection coeffient in terms
‘of.molecular dimensions,.

There is no mention in the literature (to date) of
.the use of iso-electriérfocusing (iEF) of copper‘(II) bleomycins
or mefal—free bleomycins. Although it may be of no apparent
use in the estimation of bleomycin levels in biological fluids
it could find application in the purification of copper (11}
bleomycins ﬁn a relatively large sczle. Thé IEF method
employed in this study is analytical polyacrylamide gel
IEF. | |
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 MATERIALS AND METHODS:

AHaferials

Cellulose phosphate was obtained from Sigma Chemicals..

| Sephadex G-15 was supplied from'Pharmacia'(G.B;)‘

'Ltd., London.

Ampholihe.pH'B.S.--lo.O, ' Supplled as - a Wo%’ solutlon
from L. h,B,.Ltd. ;

The Anmicon Model 52 ultraflltratlon cell was purchased
from Amicon Ltd., High Wycombe, Bucks.

Glass barrel econo-columns 4 x 0.7 cn. and 30 x 1.0 Cle

were obtained from Bio-Rad Laboratories Lﬁd., Bromley, Kent.

Methods

Prevaration of cellulose phoéphate

10 g. of cellulose phosphate was poured onto the
surface of 0.5 M NaCH (300 cm ) and left for ten minutes, it

was then diluted to 600 cm3

by the addltlon of 1M NaCl.

It was then filtered on a Buchner funnel using a Whatman
No. 54 filter paper and the residue washed with distilled
water and then resuspended in distilled water. Sufficient
1M HC1 was édded to make solution strongly ﬁcid‘ (universal
iﬁdicator paper) and the cellulose phosphate immediately
 fi1tered1and washed free of acid by fiitering with water:
(universal indicator paper). The resiﬁ was converted to:
the ¥a® form by resuspending in 0.5M NaOH and then filtered

and washed free of alkali with water. The'ion—exchanger

was washed with 300 cm3 of 0.5l acetic acid. The excess
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acid was washed free by rinsinglwith distilled water.  The

B* form was then'suSpended in distilled water and packed under
pressure in a 4 x 0.7 cn glasé-tube to a volume of approximately
0.5 cm3. The test sample was: prepared by placing 3.0 cm3
éliquot in a "Centriflo" cﬁnical vitrafiltration membrape
(cr-25, nominal cut-off M.Wt. 25,000) placed inside: a plastic
collection vessel and centrifuged at 3,000 r;p.m. for

15 minutes in a Grifffn-Christ centrifuge.. The ﬁltra-
filtrate was collected inside the ﬁlastic vessel ahd a 1,0

cm3 aliguot was diluted with 1 cm3

of 0.01 M éodium phosphate
buffer pH 6.0 containing 0.5% sodium chloride.  This solution
was applied t6 the column. A stepwise elution procedure
was carried out:' |
‘(i) '10.0 cm® of 0.01M sodium phosphate buffer
containing 0.5% sodium chloride.

(ii) 6.0 cm’

of 0.1M HCl.
(iii) 2.0 cm” of 1M HCl.

Certain compounds e.g. several amino acids, polyamines,
bleomyciné and creatinine were investipgated to see in what
fractions they were eluted from the column. The aampoundsi
were subjected to Silica gel t.l.c. using 1l:1 10% ammonium
acetater A.R. methanol as the mobile phase. The compounds
were located on the dfied separated t.l.c. plate by spraying
with fluorescamine and alkaliné picrate reagént; , In the
urine samples "spiked" with bleomycin, the.lMlHCI eluaté=was<
neutralised with solid sodium hydrogen carhbonate and freeien-‘
dried.  The residue was dissolved in 200 pi of.a mixture of

1) water: A.R. methanol. Aliquots of the solution was sub=-

jected to silica gel G t.l.c. and pn Porasil h.p.l.ce.
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Preparation of Sephadex G-15 column

10 g. of Sephadex G-15 was place& in a clean lOOch3

3 ot 0.9% NaCl in water was added and

glass beaker. 40 cm
the beaker and contents placed on a boiling water bath in
'order for the gel to sﬁell. Thé 1.0 x 30 ém colﬁﬁnlwas
mounted vertically and the dead space under the_polyeihylene
disc support and the tubing filled with 0.9% NaCl by pumping
 the liquid ué the outlet tubing and through the bed support.
The: outlet tubing was then closed. |
The swollen gel was poured carefully down the wall of

the column until the celumn was completely full, The eluant
reservoir was cbnnected io the column .and the last few traces
of air remdved via the air-vent in the column toé piece.
The top piece was then connected to the eluant reservoir
{Mariotte flask) via plastic tubing and the.eluant drawn
through the column until the gel had stabilised. The column
top piece Qas then removed and a filter paper disc placed on
the gel surface, The column packing was examined and its
voi& volume determined by injecting 0.5 cm3 of 2 mg..‘cm3 of
.Blue Dextran 2000 in a 0.9% NaCl solution containing 10%
-sucrose onto the surface of the gel. The top of the column
was then carefully filled with 0.9% NaCl and re~connected to
the Mariotte flask. The progress of the eluan£ was monitored

visﬁally. A 0.5 cm3 aliquot. of the bleomycin under test
(containing 10% sucrose) was then injected onto the column

and the progress of the eluate monitored using an LKB Uvicord

II at 25% nm
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Isoelectric Focusing

The following solutions were requireds
LKB Ampholine pH 3 - 103 40% solution.
| Acrylamide solution: 30 g. acrylamideland 1 g. of
NN'-methylene bis acrylamide in 100 cm’ distilled water..
SoIution was filtered prior to itwbeing used;
| Ammonium persulphate, freshly prepared 1% ammonium
persulphate solution.. | ‘
Electrolytes, 0.2% sulphuric acid, 0.#%'ethanolamine.'
Eight gel tubes (8.0 x 6.8 cm) were prepared by séaling
one end with parafilm and heldlin a verticallposition. The
foellowing solufions were mixed‘and-re-aerated-.

16.8 cm2 water

\AN

6.0 cm’ acrylamide

AN

. 0.6 cm” ampholine
1.2 cm3 persulphate

The ﬁixea solutions were placed in the gel fubes,
Water was layered over thé top of each gel without causing
mixihg'at the interface. The éels set in about thirty
minutes, the water was then poured off and the gels placed in
the ele¢trophoresis apparatus.

The electrolysis was first carried out under constant
current conditions using not more.than 2 ma per tube; the
poteﬁtial was nmonitored so that it.not exceed 300 volts.

The pH gradient was established in about 20 minutes, the:

3

current was switched off and 0.1 cm” of 6 mg cm3 bleomycin,

6 ng cm’ copper (II) bleomycin and 3 mg cn” copper (II)

each ..
chloride were applied separately to two gel tubes.
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- The current was theﬁ switched béck on and 60 minutes
were allowed to focus the compounds. When focusing had been.
attained, the current was switched off and_tﬁe éubes removed
froﬁ the apparatus. The copper (II) bleomycin, : copper (II)
chloride and bleomycin bands were located by observation.

One of‘the.gels which did not. contain any test sample was

cut with a razor blade into 2-3 mm slices and each slice

vlaced in distilled water (2 cmB). . Also the blue zone

obtained with copper (II) bleomycin was cut out and placed.

in 2 cm3 distilled water.. The'soiutions were left for one

hour and then the pi of the solutions measured on a standar&ise&A

Pye 290 pH meter..

Ultrafiltration

Two menbranes were investigated, Diaflo UMO5 with =a
cut-off of M.Vt 500 and UM2 which has a cut~-off of MWt 1000.
The membranes were carefully removed from their protective
~envelopes and sozked for 5 minutes in 25% glfcerol/water,
they were then rinsed iﬁ-separate labelled beakers of distilled
“water for 100 minutes. The water was changed every 20 minutes
in order to remove the glycerol.

The membrane under test Qas placed in Amicon Model.52
- ultrafiltration cell with the glossy side towards the solution.
The test solution (25 cm®) was placed in the cell,.the top of

the cell was placed in position and cell clamped.
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Stirring was started and the cell was connected by fubing to
the Nitrogen cylinder and the gas pressure switched on.. .The
gas pressure was set at 25 1bs. sq,.in. The ultrafiltrate

was collected in a 50 cm3 graduated flask and 15'cm3 collected.
The-gas was then switched off. The aﬁsdrbance of the_priginal
solution and the solution left in the cell were measured at

292 nn in a Unicém SP 500 using 1 ecm path length silica

cells. The retention R was determined using the formula

\\

R. = 1loge Cf
Co
loge %%
'Cf‘-z Conc. of_bompound in filtraté=
Co = Original conc. of compound in solutioﬁ
Vo .= Volume of originai éolﬁtion

Vf = Volume of filtrate
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- RESULTS

Cellulose phosphate.

The acidic and neutral amino acids aSpartic,acid and
glycine were eluted with the 0.01 M sodium phosphate buffer
(pH 6.0) containing 0.5% sodium chloride while the basic amino
acid histidine was located with 0.1M HC1 and 1.OM-HCL eluates.
Lysine, arginine; creatinine, the polyamineslspe:mine'and
putrescine were located in the 1.0M eluates. The_bleomygins
were eluted with the 1;OM HC1 eluate and when the ﬁéutralised
fraction was subjected to silica gel G t.l.c. using (1:1 2/v)
10%'ammoniumlacetate: A.R. methanol the bieomycinércould be:
detecfed by spraying the driedlplate with 0.05%“fluorescémine'
in dioxane. The Rf values obtained were 0,40 and 0.70 |
respectively.

Normal urine samples "spiked" with bleomycin (&4 ﬁg-
100Jcm"3) was subjected to cellulose phosPhaté chromatogragphy .
and the neutfalised 1.0M HCl was freeze dried, the residue-
dissolved in I00 ul I:l.methanoldwater.‘ Aliquots were
subjected to t.l.c. and u Porasil h.ﬁ.l.c. The h.p.l.c.-
procedure utilised a U.V. absorption detector. (254 nm) and.
the expected bleomycin pattern was completely obliterated
by contaminants. The t.l.c. method yielded a faint spot at Rf 0.70

‘which in&icated ﬁhe presence of bleomycin B2 but no
bleomycin A, could be located. When an equivalent t.l.c.
plate was sprayed with the alkaline ﬁicrate reagent (111)
a large orange spot was detected with an Rf valué-of

approximately 0.68 - 0.78.
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Sephadex G-15 gel filtration

Figure 21 represents the pattern of the separations
obtained, The Kav values for blecemycin and bleomycin B2

were calculated to be 0.03 and 0.07 respectively.

Iso=-electric focusing

The patterns obtained with the various samples are-l
shown in Fig., 22. | - l; | |

A Single blue band was obtéinéd’with the copper (II)
bleomycin in the pH range 4.0 - #.2._ Several blue zones
weré obtained with the copper (II) chloride sample in the
‘alkaline pH part of the gel.,. No evidence of focusing was
observed in gels containing the metal-free bleomycins.
Treatment of these gels with 10% TCA produced no precipitation

bands.

Ultrafiltration

R values of 0.16 and 0.24 were obtained for copper (II)
bleomycin and bleomycin'with UMO5 membrane filter. Both

- samples gave R values of zero with membrane filter UM2.
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Figure 20, pHd gradient along IEF polyacrylamide gel
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Figure 22.  Isocelectric Focusing Pattern: of Copper (IX)

bleonmycin. Y
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DISCUSSION

Cellulose phosvhate chromatogravhy

The bleomycins were concentrated in the 1.0M HCL
fraction and the eluates from aqueoﬁs:solutions.after
| neutralisation gave a typical bleomycin pattern when aliguots
were subjected to he.p.l.c. using _u_Porasil stationary phase.
“ After freeze~drying the expected conversion of bleomycin Aa

to bleomyciné‘DMAa and Al took place and this was cobserved
on thg Bepelec. system, The h.p;l.c. of the: freeze-dried
neutraliéed eluate from bleomycin "spiked" normal urine d4id
"not yield the bleomycin B, ﬁompdnent since the absorbance of
thié coupound was_overwhelmed by interfering conmpounds.

T.l.c. studies. indicated that a major inteffering‘compound

_was cfeatinine; one of the'major'nitrogeﬁ coﬁtaining excrétor&
products which occurs in considerable amounts in blood.and
urine (normal values 0.1 - 1.4 mg, 100 cm™> and 130 ﬁg;

100 cm™> respectively) (112). It is obvious that h.p.l.ce
Vusing a Ultra-violet'abéorption detection system is of little
use for investigating bleomycin levels in urine and blood

at the sensitivity required unless éompounds such as creatinine
are reroved by a éretreatment process. Greatinine does. not
fluoresce with fluorescamine solit may Ee feasible to: employ

a fluorescence detector ahd after the eluate leaves the
hepelecs column react it with fluorescamine; bleomycin :eacts
~ with fluorescamine giving fluorescent products which codl&:
then be aetected using an excitation wavelength of 390 nm:

and an emission wavelength of 481 nm. It must be realised
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that there still could be interference if other primary
amine compounds were eluted with the same retention times.
Another objection is the partial conversion of bleomycin Aé

into other bléomycin types when the eluate is freeze~dried.

Sephadex G-15 gel filtration

The elution volume of the bleomycin B2 sample was
slightly greater than that of the mixed‘bleomyciﬁ samplé.
éhe 0.9% saline solution was used to mininmise anf possible
interactions. with the gel due to the positive charge on the
bleamycin (113). Nunn (103) has investigated bléonmycin Ay
and found it to have a smaller elution voluﬁe than the
bleomycin mixture. Nunn explained the différence in elution
volumes of the two major bleomycins as being due to the-

greater Stokes radius of the bleomycin A 'resulting from the

2
terminal amine group of bleomycin A2 projecting out into the

solvent away from the bulk of the molecule.

Iso-electric focusing

The pl (isoelectric point) of copper (IIL) bleomycin
was determined to be pH 4.0 - 4.2, This is difficult to
accept since a far higher value could be expected from the
pKa' values of bleomycin A2 are 2,9, 4.7, and 7.3 (21J.
The.blue bands obtained with copper (II) chloride occur in
~the alkaline region and suggested that the blue band obtained
‘in the acidic region of the gel when copper (115 bleomycin is
the sample is not due to free copper (II) ions binding with
the ampholine.
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In addition the sample was added after the gel héd been
formed in order to minimise free radical modification of the
sample (114). It is known that excess persiphate migrates
to the anode and can interfere.with the sample.. Again
. the gels were pre-run in order'to.prevent such interactions. . .
Nunn (personal communication) obtained a similaf result when
he carried out the iso-electric focusing of 6lCopper (11)
pleomyeins- for Hhe CnFPu-ftet B‘eomyciﬁs
. The absence of a single focusing =zone,can be explaired
by the consideration of the structures of bledmycins Aa and .

32. Both have positively charged terminal groups (Table 1)

which render these molecules positively charged over the pi

range 3.5 - 10.0.

Ultrafiltration

Both the membrane filters used were permeable‘to the
copper (II) bleomycins and the metal-free bleomycins. It ié
understood that the cut-off points of these filters are not
sharp with respect to differences in molecular shape. It is
possible that bleomycins are quite flexible molecules and
coul& be forced through a membrane filter when a globular
peptide of similar molecular weight would be retained.

The R values for copper (II) bleonycin and bleomycin with the
UMOS5 are guite similar and the difference obtained is within

the limits of the experimental error. Nunn (10i)¢ompared
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the Sephadex G~15 elution volumes of 6ldopper-b1eomycin‘ﬁ2
-and bleomycin 32 with those of metal—free bleomycins aﬁ&
observed that thére was no detectable change in elution
volume. The ultrafiltration results and the gei filtration
studies suggest that there is no significant difference in the

size and shapé of the bleomycin molecule when it is chelated

to copper (II) ions or is in the metal-free form.

b
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CONCLUSIONS.

It was hoped that a éuitable purification step in
conjunctidn with h.p.l.c. could be used to eétiﬁate~bleomycins
in biological fluids. Unfortunately fhis objective could
not be satisfactorily realised due to the inability to remove.
interfering compounds. Another disadvantage was that a
freeze~drying process was employed to concentrate the so-
called pure fraction and this converfed bleomyci‘:,nA2 to
bleomycin Al‘and DMAE. It is clear that a successful non-
radi;isotopic.method will not be easy to devise due to (i)
the presence of several bleomycins in thecmmmerclal preparatlon.‘

(ii) the aTteratlon of bleomyc1n A durlng freeze- -drying

2
‘(111) d*fflcultles in devising a relatlvely rapld method of
purifying bleomyczna. (iv) chemical instability of bleomycins

at pH extremes.
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CHAPTER 6

ENZYME. INVESTIGATIONS.

INTRODUCTION

The transglutaminases (amine:R-glutamine transferases
(hydrolysing)) are a group of enzymes which catalyze an acyl
“transfer reaction between the:é--carbaxamide.groﬁpé of peptide-
bound glutamine residues (acyl donors) and. varidus: primazy
amine groups:(acyl‘acbéptors) to preduce mono-substituted
af_-lamide bonds of ‘peptide-bbund‘: glutamic acid and releasing-
ammonia (Fig. 23). | ‘

Transglutaminase activity was originally disco&éfed
‘in the livers of various animals (115) but was later found
to be widely distributed in other animal tissues (116).

The specifié functions.of transglutaminasés found:in various
tissues are not clear and only in plasma (117,119) and hair
follicles (118). has a definite biological function been
assiéned-

| Fibriﬁ Stabilising Factor (blood ;aagulatién factor
.XIII) exists as a zymogen form of transglutaminase in bldod
plasma and platelets. It is converted into'the active
enzyme by proteolytic cleavage by the eﬂzymé thrombina
The.resultant transglutaminase catal&ses the form#tion of

E —»(5~- glutamyl).— 1ysine cross—~links between fibrin
nonomers giving rise to an insoluble polymer matrix.

The hair follicle enzyme is thought to function in the

formation of € - (af—glutamyl) -- lysine cross-links between
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Fipure- 235, General mechanism of action of the transgiutaminase

enzymes
0 o
! I
~NH: ‘ 8 T
C.NHa 0a2+ ? g
. 3 .
’ - ESH ‘ + NH
(Ciﬂa)a *BSH o (C,), "
R~NH~CH —-ﬁ.- » ReNH-CH -~ ¢ -~ R!
: : i
peptide~bound’ _ : . ; : \
glutamine fesidue
P
" ' . :
(<l:..2)1F IR
R" o NH! - CH - ﬁ — R \
8] J

(1ysine) 5

R —-NE-CH~C~R
(cH,),
Q0 = C -~ NH!
1
(cz,),,
R" = NH = CH — C = RU¢

¢

Key:
ESH refers to_the‘thiol‘transglutaminase enzyme,

R, R', R", R"! are all peptides,in proteins..
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keratin chains of the hair folliéle.

The physiclogical function of the plasma transglutamingse
is to cross-link fibrin ih order tp:pro@uce-a fibrin aggregate.
The initial fibrin aggregate is converted into an insoluble
polymer (clot) which is physically stroﬁger and is less
susceptible to proteolysis than the inifial aggregate (12%,
122) Eig; 2L, The insoluble aggregate acts as a stable
haemoétatic:plug which prevents blood loss fronm intact
bloo&.vesseksanﬁ prevents excessive bleeding from severed
blood vessels.

The clotting process:ﬁay be summgrised és followsz
(i).Tﬁe enzyme:s or enzymes responsible for the formation of
insoluble fibrin éxist in plasma in an iﬁactive precursor
form. (ii) Plésma‘transglutaminase requires calciumlions
for activity, it is inactivéted by sulphydryl agents e.ge
iodoacetate and its ability to make fibrin insoluble is
inhibited by synthetic primary amines. (iii) Products
of the enzyme catalysed primary amine iﬁcorporation into
fibrin are glutamig acid monosubstitu%ed amides.. (iv)

The enzyme forms af.—glgtamyl-»E—lysine peptide bridges in

fibrin concurrent with insolubilisation. The solubility

of the different forms of fibrin are defined by the solubility
in diIute acid (c.z. 1% monochloroacetic acidj and in solutions

of denaturing compounds e.g. urea.
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Figuggfaﬁ; Clotting of Fibrinogen in Vertebrates

‘n Fibrinopeptides (A + B)

.I 3 L3 .. L] -
n Fibrinogen ‘ n Fibrin ;::::i(F&brln?n Gel
Thrombin
(protransglutaminase) (transglutaminase) Ca?+
Ca2+ '
Fibrin Stabilising ——————3 Fibrinoligase
- Thrombin _ _ : .
Factor (FsF*) _ Amines:
. inhibit
(FSF, Factor XIII)
v

Crosslinked (Fibrin)n Gel

The above actions closely follow those deterﬁined‘
for liver transglutaminase except that thié enﬁyme does nat
occur in a zymogen form but in an active forn.

The transglutaminases studied in this work were
plasma transgiutaminase Z-Facfor XIII_7 and a tissue traps—
glufaminase isolated from rat.lung. Lung tissue was used
due to its ability to accumilate bleomycins and because of

its response to bleomycin therapy when invaded with squamous
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cell carcinoma (9, 26).. Another"factor in favour of iung
tissue was its low activify with respect to bleemycin inactivating
enzyme: (23). |

Evidence that transglutaminases are involved in the .
proliferation of tumour tissue has been reported in severai
papers: (63, 64, 123, 124)., Yancey and Laki (63, 6&, 123)
established that transglutaminases.were required for the
stabilisation of the fibrin netvork required by so0lid tumours
during proliferative  growth and demonstrated that polyamines
and monodansyl cadaverine possess.inhibitory activity against
tﬁis typé of neoplasn. fhey established that ﬁigh molecular
weight, water soluble polyamines were the most efficient of
Athevcompounds tested.

It is considered that the catalytic mgchanism (Fig; 23)
of transglutaminase enzymes proceeds via an dcyl enzyme
thiolester intefmediate which is deacylated after nucleo-
philic attack by 2 donor amine or by'water‘if no amine is
present. l Donor amines can either be a lysine of a nearby

fibrin molecule or a synthetic amine (H.N R). Synthetic

2
amines inhibit the cross-linking of fibrin since they act

gé pseundo~donors competing with the natural donor for‘the

acceptor sites. To aét as an inhibitor a synthetic amine

must satisfy the specificitj fequirement of the acyl-enzyme
intgrmediate in order to combine with it and also be sufficientl&
.nucleophilic to be effective in the aminolysis of the inter-

mediate. Several amines have been found to be: competitive

. inhibitors of the crbss—linking reaction and by using labelled
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amine.. AoONoOrs €.ge 140-m6nodansy1 cada.verine: (N-(5-amino- .
p.en’cyl‘-.)-i-dimethylamino-l-naphthalene sulphoné_mide) it has
been shown that they are incorporated into the fibrin netwdrk
(117).. Since these amines do not prevent fibrin aggregation
only tlhe final cross-linking step, the extent of inhibition can,
be regarded as a function of clot solubility. Such amines
can also be incorporated into water-soluble proteins which
containzyglutamine residues e.g. casein.Such reactidns can be
made quantitétivelby'using labelled amines and this forms
the basis of several analytical assays (125; 126, 127l, 123,
129). In addition to native proteins, chemically modified ,
forms e.g. N,Nedimethyl (130), in which lysine side chains
are excluded from participa.ting in cross;iink formation are
“useds - |

The substrate for plasma transglutaminase is f;i.brin
which is formed.from plasma fibrinogen by the action of the.
enzyme thrombin. Mammalian fibrinogen (11.%W%t 330,000)
consists of three pairs of polypeptide chains held together
by disulphide bonds (131). These chains are termed the ¥,
[5 and'J chains (M.,¥ts. 67,000, 56,000 and 45,000 .respectively).
Fi‘brin aggregates are found afterllimited proteolytic cleavage
by thrombin causing fiﬁrinopeptides A and B to be released
from thezecandﬁ chains -respectively.. The cross-linking
of fibrin chain is considered to take place by reduction of
disulphide bridges (132} to allow ¢ chains to rapidly form
J-a, dimers followed by the ™ chains farning o¢-polymers:

of high molecular weight at a slovwer rate. The [3 chains:
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do not participate in the cross-linking of fibrin by plasma
transglutaminase during the: time in_which theQ(f-and ar-chéins“
are cross linked.. The cross-linking of fibrin in purified
systems can be investigated by sodium dodeéyl sulphate (SDS)
disc gel electrophoresis of the reduced chains (140), - fhis
enabled the inhibition of the cross-linking of fibrin by
synthetic anmines to be invesfigatéd. This method'ﬁay be used
to investigate the effect of bleomycin and bopper (11) -

bleomycins on plasma-transglutaminase'activitym
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MATERTAL. AND METHODS

Reagents
o n11 reagents useu‘ulth pfoteln and enzyme préparatlons'
were stored below L°¢c. unless otherw1se stated.. Thrombln,
Toglqal Bovine was‘obtalneg‘from Parkg—Dav1s ‘and Cof_.
'Fibrinogeq‘was_kindly supplied by Dr.M.Griffin, -
(Trent Polytecﬁnié)' A | #_;40_7 _.putr3501ne
dlhydrochlorlde ( / l 4—-hC 7 tetra methylenedlamlne di~ _
: hydrochlorldc)_was_suppl;ed at a speglflc-act1v1ty of 62 mCi
m mcl-:L from‘the Radiochemical Centre, Amersham, U.X.
Monodansylcadaverlne (N-- /"5~ Amlnopentyl 7 - Gem
.dzmethylamlno-lunaphthalene sulphonamlde used as a fluorescent
pseudo~donor substirate in the enzyme assays was supplied by
I. C.I. Ltd., Alderley Park, Macclesfleld F.Ka.
Dithiothreitol used to protect the enzymes by keeping their

sulphidryl groups in an active, reduced state, was obtained

frem Sigma Chemicals.

Buffers
| In all studies with fibrinogen or fibrin, the term
"Iris buffer" refers to 50 mM Tris/HC1 pH 7;4 containing
100 mM NaCl so that the ionic strength is.equivalent to the
physiological level. The term "Tris" refers to Trizma

base supplied by Sigma Chemicals. .
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Methods:

Preparation of Fibrinogen

Fibrinogen was dissolved in 50 mM Tris 100 mM NaCl,
3

pH 7.4 as a solution of about 15 mg.. cm aﬁdﬁthén_dialyse&
against 20 volumes of the same buffer at &oclwith.stifring,
2 cm3-aliquots of the dialysed fibrinogen was placed in
plastic‘tubes which were capped and frozen until required.
This‘ccntained enough factor XIII as an impurity.aS'not to

merit further addition of the enzyme.

Thrombin assay

Thrombin (lO;OQO NIH units)_was dissolved in 20‘cm5
50 mM Trié/loo md NaCl, pH 7.4 and dialjSed with stirring
against twenty wvolumes of tﬁe same buffer at 4°C. The-
thrombin was assayed for its ability to clot a fibrinogen
solution and its activity expressed in NIH units.. The:
assay system utilised a fibrinogen solﬁtion which consiste&'
ol &4 cm® distilled water, 2 o> 1.5% fibrinogen aﬁd'a‘cmz
0.3M KC1. An aliquot sf this fibrinogen solution was mixed
with 0.2 cm2 of the thrombin solution, both solutionss having
been préwarmed to 3?°G; Cal cium ions were added to a final .
concentration of 5 mM. The time Qas recorded from the

time of mixing to the production of @ small, white,, diffuse,
fibrous aggregate. One NIH unit of thrombin being defined.

as that concentration which produces a c¢lot in 15 seconds.

By means of a suitable dilution factor of the thrombin solution

with respect to its clotting time, the activity of the thrombin
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solution could be estimated..’ The thrombin solution was

3

stored in 2 cm” aliquots containing 200 NIH units of thrombin

-~ at —25°C until. required.

Prevaration of Rat Lung Transglutaminase

Rats of mixed ééx (Wistar derived) weighing between
200-250 g. were used. - They were killed by a sharp:biow on
the back of the head followed by section of the carotid
artefy. The lungs were removed, perfusediﬁith cold 0,151
NaCl and then placed in cold 0,15 M.ﬁaCI. .The bronchi were’
removed from the. lungs and the remaining tissue weighed,

from this stage the lungs were kept at 4°c.  With a pair of

sharp scissors the 1ungé weré cﬁt into sﬁall pieées (1-2 mm
squares) and added to a cold glass homogeniser tube together
with three volumes of sucrose buffer (0.25 M Sucrose/i mM
EGTA/1 mM Tris) pH 7.%. The suspension was then homogenised
. with a Potter-Evehjem homogeniser fitted with a loose-fitting
teflon péstlem When the homogehate-attained a soup?like,
consistency it was fransferred to a tight-fitting glass:
homogeniser tube and the homogenisation continued for only
tgo up and down strokes of the pestle.

. The_homogenate was centrifuged at 1000 g;'(j“ave 28 cm)
for 10 minutes. The supernataﬁt was decanted and the pellet
resuspénded in a furfher 10 em” of sucrose buffer and re-
homogenised with one up and down stroke of the loose fitting
pesfle; The suspension was again centrifuged at 1000 g

(yave 28 cn) for a further 10 minutes. The supernatant
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'was'decanted and added to the initial supernaﬁént and retained.

The pellet was washed a further three times u1th 5. cm3

-—

- Y

washes of sucrose buffer and centrifuged eachrtlmerat 1000 g,
eacﬁ'supernatant vas rgtéined for assay. The final nﬁcleér*
pellet was resuspanded in 5 - 10 cm3 of fhe sucrose buffef.

The collectea supernatants were centrlfuaed at 75 000 g- for:
60 hinutes;-fhe sﬁﬁernatant was aecanted and qsed.for enzynme-
 dssays. The protein content of the sﬁpernatént angd &ﬁclean'
pellet vere determined using the method of Lowry gﬁ_gl,

(133). Enz yﬁe assays Qere performed on the same day as the:

. enzyme éamples were prepared since the enzyme vas found to L"“
be qulte labile.. |

The "soluble“ transglutamlnase enzyne con51sted of

the high speed supernatant conblned with the washlngs fron

. the'nuclear pellet, the "bound" transglutamlnase con51ste& '

of enzyme activity remalnlng in the 'nuclear pellet'.

Suantitation of amine incorvoration using a modification of the

rfiltér paper assay of Lorand et al. (129)...
" Phis technique was used to investigate the efféct of

copper (II) bleomycin and metal-free bleomycins on lung

. transglutaminase activity.. Transglutaminase activity was

investigatg&_by using a filter paper assay procédure for the -
- radiocactive amine-incorporafion intd.protein. . The method
invo%ved the acid precipit#tion of the acceptor protein onto

. @ small piece of filter papef,.followed by removal of thei

free, non-protein bound radioactive amine substrate by washing
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and then after drying the filter square, determination of the
protein-bound radiocactivity by scintillation counfiﬁg;

The radio-active labelled pseudo-substrate used was
éfl,h—lhc_Z’putrescine dihydrochloride and the pseﬁdo—
acceptor was N,N'-dimethyl casein., The alkylation of the:
free amino groups of lysine prevents casein from act;ng as an
amine donor and cross-linking itself.. The follo&ing solutions
were made up in 50 mM;Trig-HCI, (pH 7.4), buffer and stored
frozen;. |

Dithiothreitol (DTT) 38.5 mM, CaCl, (100 mi)

EDTA (50 mM), N,N'-dimethyl casein (5.% mg cm_3)r

The dry contents of a single amﬁoule of éfi,h-th)
Putrescine dihydrochloride . wéie . dissolved in 1 cm3 of
0.8 mM unlabelled putrescine in 50 mM Tris-HCl, pH 7.5 and
alsc stored frozen.

The assay of each sample was carried out in duplicate,
in the first reaction mix-ture:CaCI2 which was necessary fér*‘
.transglutamiﬁase activation was present whilg in the second
reaction mixture EDTA replaced CaCIZLand this reaction mixture
aﬁted as a control. The reaction mixtures were made up in
Autoanalyzer plasfic sample cups fitted with polythene caps.

10 ul of DTT, 5 ul of CaCl,, 20 ul of N,N-dimethyl

2
. L1k

casein, 20 ul of =~ C-labelled putrescine and 10 ul of test

substance or double distilled water: were pipetted into the

appropriate plastic vial with gentle mixing between each

"addition. The test substance was one of the following
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solutions made up in tris-HCL pHl 7.4 buffer -33 mM bleomycin,.

33 mM copper- (II)-bleomycin.. If the: assay was corried out in
the absence of an inhibitor, 10 ul of double distilled watexr
wvas used. After allowing the reaction mixture fo equilibrate
at B?Oonn a metal bloclt unit, 35 ul of the eﬁzyme prgparation
was added, the vial capped and spun on a Vortex mixerr- |

- Samples of the reaction mixture were removed from-the'plastic
vials at appropriate time infervals and placed on a pre-cut
pencil-labelled Whatﬁaﬁ 3 MM filter papen'Squaree(I.cm2)~
These samples were immediately dropped §nto a copper-wired

‘ bésket submerged in a beaker of ice=cold 10%’Trich1§r6acetim
acidl(TCA);. The contents of the beaker were continuously

stirred and the filter papers washed for 20 minutes after the

adéition of the last paper.. The basket and filter paper -
squareé were transferred to a 5% solution of ice-cold TCA;
The washing procedure was continued according to the following
treatmentss- |

.5 minutes each with one change of ;oid 5% TCA,.

5 minutes each with ethanol-acetone (1:l va) and
.5.minutes with acetone. At least 5 cm3 of wash solution was
used for eéch filter-paper added. The above procedure .
removed any radicactivity from the filter papers which were
not protein bound. The filter papers were then p;ace&'on a
foil tray and dried at 80°C for- 30 minutes. In order to
‘obfain the total radioactive IabeI.appliéd"to each samﬁle
"totals! were taken ofreach pair éf samples by reﬁoving 10

microlitres from each reaction vial at the end of the

- 117 ~



>

" incubation process and was-piaced on a prefcut 1 em” filter
paper as above but taking it immediataly through the drying
stage, thus ignoring the washing probe&ure. The squares
were placed in separate plastic: inserts to: which was. added
L cm3 of a scintillation fluid (3 g. of 2,5-diphenyl oxazole
and 0.3 ge of 1,4-di- ["2-(5-phenyloxdzgyan7 benzeneipén
litre of toluene).. Each of the plastic inserts w;re-place&
in a glass vial and placed in a Packard (Model 3330} scintil—
lation specfrometer-éet to count 140 (gain 6.8, window 50-

~ 1000) for ten minutes per sample.  All pipetting éf micro~
litre qﬁéntities-was;carrie@-out using Fihpipetteswith
Eppendorf disposabdle plastic tips except for thelsampling

which was carried out using Corning disposable 10 microlitre

glass pipettes.

Fibrin Cross-linking Assay

The effects of copper (II) bleomycin and bleomycin on
‘the activity of factor XIII (plasma transglutaminase) on
fibrin polymerisationixﬁlthe.pattern of fibrin crOSSb;iﬁking-
was investigated using sodium dodecyl sulphate (SDS) - disc
gel elecfrophoresis; The fibrinogen samples:were exposed -
to fibrinoligase activity and the cross-lihking allowed to.
procced at 3700 until the enzyme activity was terminated at
the required time by freezing the sample in ethanql/dry ice
mixture.. The state of the reaction at that péint in time

can be examined by gel electrophoresis..
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Reactions were performed in plastic: tubes containing

3

in a final volume of 0.310 c¢m” the following components:

Test { ul) Control ( ul)

Calcium chloride 100 mi’ 5 0
EDTA 100 mM - 0 5
Dithiothreitol 180 mM 5 s
Potential Inhibitor 10 mM - 100 100
Fibrinogen 1.33% . 100 " 100

The potential inhibitor was one of the following:
10 mM bleomycin, 10 ol Copper (iI)-bléomycin, 10 mM Dansyl
cadaverine. A11 these substanceé were made up in 50 mi

. fris-HCl pH 7.k,

| Reactions.were started by.the addition of 100 ul
thromkin solution. The reactidns were incubated at 27°¢
throughout the experiment. and the reactions were.terminate&
by removing a.reaction tube from the water bath at the
required time and immediately placed in an ethanol/dry ice
mixture to‘freéze the contents of the tube. The ffeeze—.

3

dried contents were then dissolved in 0.4 cm” of 3% w/v
SD3/9M Urea/3% 2=-mercapto-ethanol solution prior to SDS poly-—

acrylamide gel electrophoresis.

S.D.S.. polyacryiamide sel electrophoresis:

The polyacrylamide gelswere prepared according to
the scheme on page 61 except that the tank buffer used was

0.1 M sodium phosphate pH 7.1.
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A 10 pl aliguot of a sample obtained from the cross—
linking experiment, was carefully laid on top of the flat
horizontal gel surface. 5 nl of bromophenol bdlue (0.05%
in 10% sucrose) was added as a marXer and 5% sucrose over-
layed to the top of the tube. The geIs weretrun at a
current of 10 miA per tube and by following the progress of
the marker stain to 0.5 cm from the base of the gél,_khe maximum
separation.could be'attéined- The gelswere removed from the:
tubes and fixed in 50:50 metﬁaﬁol:acetone for 12 hours.
ihey were then removed from this solution and placed in
0.h4%, Ccoma531e brllllant blue G in 38% methanol} 7% acetic
acid and 54 6% distilled water for & hours- - They vere thenn
destained in 38% methanol:?3 acetlc acld in water overnight
and then transferred in 25% methanol:7% acetic acid destainiﬁg'
solutien after this period. Later they were stored in 5%
méthanolf?% acetic-écid.. The stained gels were scanned
in a Unicam 3.P. 1800 spectrophotometer with a scanning |
attachment, the.wavelength ofllight used was 600 nm and the

slit width 1.5 mm.
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RESULTS
(i} Effects of bleomycin and copper (II) bleomycin upon
fibrin polymerisation by Factor XIII. |

‘The gel electrophoretic patterns of fibrin polymerisation
as a function 5f time in the presence and absgnce of i_ﬁhﬁ.bitors
are shown in Fig. 25. The: control system shows that. tﬁe
cross—linking of fibrin by Factor XiII. involves tI;e co.nversion
of 6‘ chains to ¥ ~r dimers and u—éhgins ‘to oL ~polymers,
while for the duration of the experiment t?}é Pchainsz' remain
relafive'ly ﬁnaltered..

Examination of the semi-quantitative results obtaine&
ny scanniﬁ_g the stained gels at 600 nm showed that the
incﬁbation mixtures containing bleomycin and copper vleomycin
gave rise to marked inhibition of D{-poljmerisation by
Factor MYIXII but had no detectable effeét upon the formation
of aw-d dimers. The decrease in peak area of the DL~
monomer: with respect to time of incubation is shown in Fig. 26.
Variations in the amount of staining of gels and in loading
volume were minimised by employing the ﬁ—monomer- peak as
an internal standard and for comparat'ive purposes: all péak
areas were adjus’c;ed with respect to a constant value for the
unchanged ﬁ-—-:nonomer.. The decrease in area of the u-mﬁnomer
peak over 66 minutes incubation period showed approximately |
' 59%, 15% and 18% inhibition of o¢~polymer formation for
copper (J_:I) bleomycin, bleomycin_and‘. monodansyl cadaverine

respectively when compared with the control Fige. 26.
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(ii) Effects of bleomycin and copper (II) bleomycin on

the /71,41

C_/-putrescine incorporation into N)N'-dimethyl
casein by rat lung transglutéminase-

Both bleomycin and copper (II) bleomycin were shoﬁn
to inhibit "soluble" transglutaminasejy a BipeweaveihBurk:
plot of the reciprocal of the initial velocity againgt the

o 18

reciprocal of the at C;7Lputrescine-concentrétion is
shown iﬁ'Fig.. 2% Bleomycin and=copper (I1) bieomycin gave
plots which were characteristic of competitive_inhibition with
enzymelinhibitor’cdnstants (Ki) of 3.8 x 10—4 M andll.# x
107 1 respectively.. The Michaelis constemt (K ) of the
"soluble' transglutaminase enzyme was computed to be a'x:_
IOfMM which was in good agreement with the literature value
for guinea pig liver transglutaminase (129).

The equivalent studies on the "hound! transglutaminase
enzyme found in the nucleér pellet are shown in Fig. 28.
Again copper~bleomycin was found to have an K. of 8.9 x:lonhﬁ.l
The Michaelis constant-(Km)‘of the bound enzyme.fon'éi,ﬁw

L

.146_7?putrescine was calculated as 4.1 x 107 M. Bleomycin
had negligible inhibitory activity upon the "bound" enzynme

and ﬁrobably indicates the binding of bleomycin to the large
amount of DNA present in this enzyme fraction (37). It is:

to be noted that copper-bleomycin does not appear to bind

to DNA (36)..
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The possible effect of free copper (II) ions on lung
transglutaminase-activity vas investigated sincg.it wés
reported that guinea pig liver tramsglutaminase was rapidly
 inactivated by copper‘(II) ions (134) in the presence of
| calcium ions.Reaction systems using the. “soluble' transw
glutaminase were set up containing vafying amouﬁts of‘
(1,#—;&Cﬁ-putrescine (as described in Fig. 27) with Cu
(NOB)Z'Hao present at a fixed concentration 6f 033 mi..
Inactivation of the. enzyme occurred at alI.@dncentrations of
(1,4-}“Cl-putrescine except . 0.8 mM‘whefe only 16% of the:
original enzyme activity remained. :The result.indicaféd'theA
susdeptible nature of lung transglutaminase to free coP?ef‘(II)il
ions and although it confirms that the méjority of copyper is
érobably bound during coppef'(II) bleomycin inhibition it
does not eliminate the: possibility that small amounts of
free copper (II) ions may be‘present; which may account for
the greater inhibitory power of copper (II) bleomycin over

frec bleonycine.
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DISCUSSION

The effect of.copper bleomycin upon rét.lung trans—
glutaminase showed that this éompound was an effective competi-
tive inhibitor of (1,4-1’C) putrescine lincorporation into ri,m'
dimethyl casein. Studies on the "Eﬁluble" enzyme gave an
enzyme inhibitor constant for copper (II) bleomycin which was |
similar to the-MiChaelis constant for (1,h~x403iputrescine
which indipated a similarity in the affinity of these two:
compounds for the "soluble" lung transglutaminase binding
site. The lack of inhibition exhibited by bleomycin when
the "bound" enzyme was uéedfprobaﬁly reflects thelbinding
‘of bleomycin to DNA present in the enzyme fraction (39)°
(45). This effect was.not shown by coPPef (II) bvleomycin
and supports: the observétion_(}G).(Eﬁ) that copper (ITI)
bleomycin does not‘bind to DNA..

The observation that copper (II) bleomycin was a
mofe-potent inhibitor than free bleomycin may be due tola
greater rigidity imposéd on the bleomycin backbone when the
~antibiotic was bound to copper (II) and may ginimise the
steric effects of glycopeptide chain when it approaéhed‘the
enzyme binding site. It must be realised fhat the présence
of small amounts of free copper (II) ions may be present and
could account for the increased potency of copper (II)

bleomycin over free bleonycin..
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The fibrin cross-linking experiments showed that bleomycin
and copper (II) bleomycin were effective inhibitors of o4~
polymerisation when compared with the standard.inhibitor-
monodansylcadaverine (135), no inhibition of ¥ -dimerisation
‘was shown by either compound, The results seem to be of
some significance when oﬁe considers the work of McKee

et al. (1932) who reported that the stability of the fibrin
geI_matrix‘was‘only complete when C&-pélymer formation
startéd“

" The caﬁalytim mechanism of the trapsglutaminéses has:
been established (136) (137) to proceed via a thio estexr
internediate which arose between: the' thiol group of the:
enzyme:and the &*-glutamyl‘component of the acceptor protein
while amide formati&n resulted in amiﬁolytic deacylation of |
the acyl enzyme by the primary amine. Most of the inhibitors
of the transglutaminases (136) (138) were primary amines
which served as pseudosubstrates for the-enzyme ahd became
incorporated into the ) -glutamyl acceptor sites of the
receptor protein e.g. monodansylcadaverine. Observations
obtained with moﬁofbsylated and dansylated alkyl diamine
compounds (138) (139) indicated thét an élkyl.si&é chain of
0.5-0.6 nm was the optimum for the primary amine donor.

For enhanced inhibition,'an attachment of a bulky apolar
substituént to the primary amine was thought to be negessar&
for the binding of the inhibitor to a hydrophobic centre near

to the catalytic site of the enzyme.
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'Tﬁe bleomydins in the bleomycin mixture have a variety
of terminal amines (Table 1) and oné can only speculate which
conmponent or.components exhibited inhibition charadteristic
of competitive inhibition or pseudo-substrate. The only-
bleomycins which seem to be capable of aqtiné as a pseudo~
'subétrate,are bleonmycin Aé—a and Eé-b but these occu?red.at
a concentration of less than 1%, Bleoﬁycin Ba‘wﬁich accounts
for approx. 30% of the complex may meet the reqﬁirements of .
the enzyme by having a terminal amine side chain in the order
of O.S-O.G'nmﬁwhich is liﬁke&.to a large apolar group
(thiazole ring) but it is unlikely that bleomycin B, would
be effective in-aminolysis of the écylenzymé intermediate
by virtue of the overall positive charge of the guanidine
group (pK=+13) at‘neutraI pH. It thus scems unlikely‘that
bleoxﬁcin B2 would act as a pseudo—substrate for trans-- |
glutaminases, however its ability to bind to the acyl inter-~

mediate would indicate its capacity to function as a

competitive inhibitor of (1,4-14C)—putr65cin65
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Figure 25.' The effects of bhleomycin, copper bleomycin ang

dansylcadaverine uvon the cross-linking of

fibrin by Factor XITI.

Electrophoresis was performed in 1.75 nin pore size
éels, Cu3, B and Dc indicates.fibrin pblymerisation in the
presence of 2.7 mil copper bleomycin, bleoﬁycin-and‘mono-
dansylcadaverine respectively. N, indicates the control
reaction system without innibitor. EDTA shown ahove the
gel column indicates that EZDTA was included in the reaction

system instead of calcium,
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Figure 26.. Comparative analysis of the polymerisation of

 the ™®-mononmer during fibrin cross-linking.

The symbols V, Y and O indicates fibrin poly-
merisation in the presence of 2,7 mM copper bleonmyecin,
bleomycin and monodansyl cadaverine. reépectively;@

indicates the conirol system without inhibitor.
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Timure 27. ~Lineweaver-Burk plot showing the effects of

bleorycin and cowvper bleomycin upon "soluble!

rat lung transglutaminacse.

'The_conditioné of assay were as those described in
the Hethods.. (1,4-;90)~putrescine was supplied to the
reaction mixture at the concentrations indicated (0.5 --

8 x lO"LI-

#). Reactions carried out at 37° were started by

the additioﬁ of 100 ug of "soluble" enzyme fraqtion;-

In the séries of experiments shown: B, represents the control
system without inhibitor; .0 in the presence of O.165 mM
rbleomycin;C), in the presence of 0.33 mM bleomycing @

in the preseﬁce of 0.165 mM copper bleomycin and ¢ ,

in the presence of 0.33 mM copper bleomycin. Inset,,

represents calculation of Ki by the method of Dixon.
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Figure 28,  Lineweaver-Burk plot showing the effects of

bleomycin and copper bleomycin upon "boungd"

rat lung transglutaminase.

The conditions of assay were: as those described in
Fig. 27 - In the. Series of experiments shown: B
represents the control system without inhibitorsy Q in

the‘presence of 0.33 mM bleomycing i?I in the presence of

0.33 mM copper bleomycin.
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CHAPTER 7

METAL-RLEOMYCIN CHELATE STUDIES

INTRODUCTICN

An important aspect of bieomycin chemistry is the 
ability to chelate several metals, indeed bleomycins are

isolated from the culture flltrate of Streptomyces vert1c111us

as copper- (II) chelates. This metal- chelatlng ablllty has |
"been put to use in the réaio—location of tumours, the bleomycins
ara!use& as carrier molecules tc'take a metal radio—isotdﬁg

to the tumour. Several radicactive metals have been used

“to 1abe1 the.bleomycinS‘for fumour“imaging, 57(‘,'0‘06.1'1: and
_lllIndium have found the mos£ extensive use but 111Indium
appears to form a far weaker chelate with blenm&cins than

does 57Coba1t, VIndium-bleomycin is broken déwn in vivo and

111

the released ~~-Indium binds to transferrin in the blood (141).

This is thought to explain'the localisation of 111Indium

obtained from lllIndium-Bleomycin in the bone marrow of patients

57

and for the slower clearance from blood than - ‘Cobalt-

bleomycin,  Although thellllIndium radiaisotope-has far

27 57

superior physical charécteristicé‘to- Cobalt,. ~ Cabalt~
bleomyclns seem to yield bettem tumour-lmaglng results (55)-
Copper (11) llke cobalt jons forms a strongly bound
 chelate with the bleomyc1ns and aluhough the 1nteract10n of
the bleomycins with metal ions is not clearly understood,

Umezawa (21) suggested that a possible site of copper (II)

- 135 -




binding is the-.u.-—amino groups of the ﬁamino alanine mdiety:

since the pKaf of this group disappears when copper (II)

-is bound to bleonmycin. The 3-0-ca:baﬁ§l.group,can by
fearrangement be transferred to positioﬁ 2, but this re-—
arrangemént is prevepte& if the bleemycin is bound fo copper:
(11). This suggests: that this group may be involved in the
chelation of copper (II) ions. There is also the possibility

-that some of the amine groups of the terminal amine group may-
be involved'in'the binding of metal ions and it must. be.
reaiised that although it appeafs‘fhat all Eleomycins'bind
coppef (II) ions strongly there could be differeﬁt binding
sites in differeﬁt bleoﬁycins due to the ﬁresence of different‘
terminal amines.. | |

There_is clearly a need for furthe:'investigatioﬁ of

~ the nature of the-stoichiometry of the copper (II) bleomycin
and coﬁalt—bleomycin complexes since there afpears to be
little evidence'of a quantitative study. ‘ The stoichiometry
of these complexes can.ﬁe'investigatéd'by visiblé spectr&scoPy

‘using the method of continuous vériation (142) and the.molem
ratio method (143). The.stoiéhiometry may also be investigated
by potentionetric titration, in addition the stability
constants of certain polyamine terminal amine groups namely
putreséine and,spermine-could be examined to consider their
'metal;chelating potentiaX. The implication of parﬁicular-

groups on bleomycin being involved in binding metal ions

can be studied by electron-paramagnetic resonance studies

of copper (II)'bleomycin powder and by consideration of the

visible sﬁectra.
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The principle of the method of continuous variation
is thnat the ratio of the metal-ion and ligand is varied
between O and 1 at constant: total concentration C where C =

¢ M’

1 ¥ S and the abéorbancesof'the_solutions of different

composition are measured at a particﬁlar'waveléngth. These
absorbances are then plottéd.against the mole-fraction of

the ligand L. | If a single.complex,HLn is formed and provided
the: Beer-Lanhert law is obeyed{andithe absorbances are
neasured at a wavelength where neither the: metal ion nor:the
ligand absorb but'theAcompIex.does; then n can be determine&
from the abscissa of fhe maximum of the curve (xmax)'

In the mole-ratio method, a series of solutlons are
prepared in which the_coﬁcentration of the ﬁetal ion is kept
constant wnile that of the ligand is varied. The absorbances
of thz solutions aré measured at a suitable wavélength and a
graph. of absorbance against the ratio‘of_variable and constant
concentrétions prepared. If only a single stabIg complex is"
formed then the absorptién increases in a linear manner with
the increasing mole-ratic and then becomes constant, the
aﬁscissa of the poinf of intersection of the two tangents
indicates the number of 1igand:molecu1es in the complex,

The protonation constants of bleomycin (commercial
prepsyation), terminal polyanmines putrescine_and‘Spermine
“were investigated by potentioﬁetric titration éroceduresu_

The principle used is that a solution of known concentration
of the-conjugate acid of the base to be investigated is:

titrated with a strong base (aOH) and the reaction followed
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by monitoring the pH. A.pH;titrétion curve is drawn:up and
“the Protonatién constants calculated. |

The stability constants of the copper (II) chelates
of the above compounds were investigated by potentiometric
titrations, The first part of the study is identical to
the determiration of the protonation constants of these
compoundérbut in addition a seéond titration is performed
on a solution of %imilar constitution but also containing:
copper (II) ions.in thé presence éf a copper ion selective
eleétréde (144, 145) énd_gn additional calomel‘electrade.::
If the ¢omplexaformatiop ocecurs mainiy‘in the pH region
Z-10 (i.e._the coumplex is stable) and the concentration of
liganﬁ L is no% much larger than thezconcéntratibn of copper
(II) ions then a considerable difference between the. two pH-
titration curvss is obtained, If the protonation constants
of the ligand are known fhen it is possible using these curves
to calculate the stability constants. .

The elsctron paramagnetié:resonancefstudiewaere carried
out on dry copper (IL) bleomycin powder. It is known that
copper (II) ions form the strongest chelates with most ligands
among all divalent lons,as exhibited by the Irving-Williams
series (146). Copper (II) ions successfuliy compete with
other metal ions and proténs in the_activation of enzymes:

'Gr bind to essentlal groups at the active.site'ﬁndjcaﬁse

inhibition.. Due to these effects copper is quite poisonous

because it affects key metabolic processes.
Y
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In agueous solutions under aerobic conditions copper (II)
is the most stable ion of copper in the presencé of biological
ligands. Thé copper (II) ion often has a co-ordination numberr
of 4, with the ligands arranged at thé corners of a square but.
it is also pecssible to have two extra ligands which areibound
less strogly and having their valence bonds directé&.perpkndi—
cular to.the piane of the square. This latter érrangement
gives the copper (II) complex a tetrégonal éompléxu

Copger.(Ii) ions have one less eleciron thaﬁ can be
included by theAfive d—orbitals.ana thus it has one unpaire&_
electron in its mononuclear~comp1exés, Such complexes: are
paramagnetic: and are characterisediby.a spin of %.

' Because this ds‘configuration involves a single
éléctron hole, tﬁe electron cloud.surrounding the cogper (11)
ion is not spherically symmetrical and ligands of copper (II)-
tend to produce irregular, elongated octahedral co~ordination
" due to ligands near to the half-filled orbital being subject
to greater attraction by the poéifive'nucleus than those
ligands close to filled orbitals.

Electron paramagnetic resonance studies (147) suggest
that the electron hole.in copper {(II) complexes is found in the -
d 5 2 orbital. The energy-level diagranm for the.d-orbitals

X -y : :

in an irregular “octahedral complek of copper (II) is shown in

Fige 29
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Figufe 29. Energy level diagram for d-orbitals in a distorted
- octahedral ligand field. The dots represent
electrons and show the ground-state configuration

for a 47 . ion e.g. Copper (II)

de.y?
' . §
LX) dza
ow "
Xy .
[ 3] d dyz
-e : XZ, J

In the spectra of copper (IX) complexes;.thre§ 
absorption bands would be expected. These correspond to
transitions from the three filled levels to the d%a_yE orbital
but usually only two bands are seen in the visible spectra
because the absorptibn bands: are broad and tend to.overlap
or because one band is formed in thé ﬁear infra-red..

In complexes of lower symmetry as many as four 4 —-d‘bands 

may be present..
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Electron péramagnetic resonance (e.ﬁ.r.) is usé&
to study compounds containing unpaired electrons, for copper
complexes it is restricted to complexes of copper (II) and
high spin compounds of copper (III}. Electron paramagnetic:
resonance spectroscopy is based on the spin properties of the:
electron-and for a single electron this is designated by
-the spin quantﬁm number, 5, which has the ﬁalue of %

The spin gives the electron arm@ndic”momenﬁrwhicﬁ‘in an
extefnél field can have two different dircctionsy the:
componeﬁts.along the vector representing the applied field
are +% gp) and ~% gﬁ where g is a dimensionless quantity.
and.!&is the 3okr m=gnetron, a quantitylcpntaiﬁing the charge
aﬁd mass of the elactiren and‘Planck's constant..

The energy of-the nagnetic: dipole produced by the
.5pinniné glectron equals the negative of the pfoduct of the -
strength of the applied magnetic field, B, and the componeht
of the electron magnetic,momeﬁt along the field. TFor a

»Sihgle electron in an external field one obtains the:

following energy scheme.

Figure 30. PBEnergy diagram for an eleckiron in an external

magnetic field B

Energy

+% gl3 B

N,

~
t=
1

AE

h
o)

E=-zgPps

- 1h1 -



The energy difference AE between the two levels is g ‘3 B.
Yhen electromagnetic radiation of energy h pr) equals A Hj,

absorption of radiation takes. place..

Consideration must also be made of the nuclear spin;
this is characterised by the gquantum number I and the corres—
ponding magnetic moment has (2I+'1) values of it;zcomponents
2long the field axis in an applied magnefic field.. A single
absorption line can be split into (2T + 1) lines of equal
intensity (hyperfine'structufe) and the‘distancé:between the

1.

lines designated by a hjperfine-splitting conStant A (em
The. two natural iéotoPes of copper_(6306ppef and 65Copper} havé
I = 3/2 and four hyperfine 1ines'wogld be exPectéd in‘the
spectra of copper (II) complekeé. o

Copper (II) complexes are not spherically symmetrical
and tend to have the ligands arranged in the form of an
irregular octahedron. ‘Absorption properties depend on the
molecular orientation relative to the appiied magnetic: field
and because the symmetry is tetraggnal,;tWO g values designated
g]L and gl.a:e~réquired to characterise the spectrae.

The hyperfine splitting {l which ariées from the
nuclear magﬁetic ﬁomen# of copper (II) at &1 is usually very
small and often shows no splitting.. A- -

.'I i
fine splitting at g]' is usually quite large and‘has‘typical

the nuclear hyper-

I

. several parameters, one of which is the nature of the ligands

values of 10~25 mK. The magnitude of A and €1y depend on

of copper (II) and these values can be used to assign structure
(143).
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METHODS AND MATERIALS

Apparatus

The potentiometeric titration apparatus used for the
determination of protonation constants and metal-chelate
formation constants involved a pd meter, a titration cell,

3

a ten-cm” microburette and a constant temperature bath (2500).
The pH meter employed was a.CorningwEel digital 110 expanded
scale model {Evans Electroselenium, Halstead, Essex) and
the electrodes used were an E.I.L. 511 pgfpose pH and an
E.I;Lw satﬁrated calomel reference'electro&e. ~ The metal-
chelate formation constant studies utilised a Radiometer
- PHM 64 Research pH meter operating on the 1500 mV scﬁle‘as
the ion-selective meter. The copper (II) sensitive electrode
was a Radiometer Sélectrode F 300 type and the reference
-electrode was an E.I.L. saturated calomel type.
The ultra—vioiet-visible spectra of the copper (II)

~and cobalt(II) chelates'of the bleomycins were obtained on a
Perkin Elmer 402 ultra-violet spectrophotometer which had
been calibrated for ﬁavelength by means of a Holmium filter-
Thé fixed.wavelengthrstudies were carried out on anUhicam
SP 600 which had been calibrated for wavelength by means of
- Didymium filter using wavelengths 573 nt and 588 mm.

3

1 cm” path length matched glass cells were used for the

visible absorption spectroscopy. -
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Reagents

The chenmicals used in potentiometric titration studies
Qere as given below.

A solution of perchloric acid (approx. 0.005 M)
containing sodium perchlorate (0.21M). The aydrogen-ion
concentraticn was determined by titration with standard
sodium hydroxide (0.1M) using phenolphthalein as indicator..

Carbbnate—free-soaium hydfoxide ﬁas prepared according
to the méthod of Kolthoff and Sandell.(149).  This solution
(app:ox; 0.11) was standardised by titration.against potassium
hydrogen phthalate using phenolphthaleiﬁ as indicator.

A standard copper (II) perchlorate solution (apéfox;
0.01Y) was prepared by dissolving the feéuired weight of copper
.(II) pefchloraté hexéhydrate (B.D.H. Chemicals Ltd., Poole,
Dorset) in water. ‘The solution was standardiséd by titration
against (i) EDTA using pyrocatechol violet as in@icator‘ |

(150) and (ii) standard sodium thiosulphate.

Potentiometric: Determination of Protonation Constants

The potentiometric titrations were carried out in a
400 o pyrex glass jacketed titration cell with water at
25.0 z 0.1% circulating through the outér jacket., A
yerszex cover was placed on the cell to minimise evaporation.
Holes in the cover allowed the introduction of electrodes
and burettes into the ;olution.

The general proeedure was as followsz the pH meter
was standardised immediately bvefore use with B.D.H. standard

buffer solutions of pH 4.005 £ 0.005 and pH 6.986 ¥ 0.01
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at 25°C._ A weighéd amount of the compound under study waé
placed in the ciean, dry titraﬁion cell. A plastid covered
bér magnet wés placed in the cell. 100 cm3 of 0.005M
perchloric acid (C.21M in sodium perchlorate) was placed in
the cell followed by 5.00 cm3 of water, The cover was then
placéd in position. The two electrodes were then positioned
in the solution and the solution gently stirred. | The ti1$
of the burefte containing the scodium hydroxide.sélution was
positioned in the cell so that it was below the surface of
the solﬁtiopv' -The buretfe was gravity filled from a % de
polyethylene bottle. The contents of the burétte and the:
bottle were protected from atmospheric carbon dioxide by
guard,tubeé filled with_soéa—lime ashestoé. The contents

of the cell were allowed to reach 2596 énd the titration
carried out by small-inbrementé of sodium hydroxide. The.
pH meter reading of the solutioﬁ was noted after the solution
had’ reached equilidbriumnm.

The protonation constant log KH’ is defined by

Y+ L == m'
[HL_7
K, =

=+ * . N

3 + hn-l L —_— HIL
C / 1L ]

n

é-H+-? Z_Hnnl.L;7

+ For convenience charges are -.omitted from species other
“than the hydrogen ion.
All constants determined in this work are equilibrium

concentration constants.
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In the titration of a ligand containing nH’ dissociable
hydrogen ions, the number of protons bound to the ligand n is

(n —a) C + [0/ o+ [H*“?

Hnl,

H "
cHhL

where a = degree of neutralisation.

Potentiometric Determination of Copper (II) Chelate

Formation Cornsztant

The chelate formation cénstants_éf'coppep (II) ions
‘with the polyaminés, sperminé putrescine: and bleomycin were:
investigated. The procedure was similar to that used in the
potenticmetﬁic determination of these comﬁouhds, except that
the 5.00 cm3 of water was replaced'bj 5.00 cm3 of a 0.01M
coprer (II) ion solution. The ion—selective.cﬁpper (11)
electrode was calibrated by immersing in standafd coppexr (I}
solutions of concentraﬁions of 16_2‘— 16“5M; The titrations
were carried out at a molar ratio of 1ig§ndito metal of
rappfoximately 7:l.

The overall metal-chelate: fiormation constant'p qen

for species is defined by

P [ e e

The stepwise formation constants: (151) are defined

by .
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l/ _HL 7 ) / -.L_?

-~ el ‘-
The: average ligand number n is determined by n =
/"L vound_/ (a'-'ao) C.

HIL
®u ' Cy

where:ao is the degree of neutfalisation of an acid
to a given pH. and&
a 1is the degree of neutralisation of an acid

in the presence of the metal iony

Method cf Continuous Variation

. The visible spectra of copper (II) bleomycin is shown -
“in Fig. 31. From an examination of this spectra it waét
decided fo investigate the copper.(II) bleomycin chelate€in
the region 560 - 610 nN since neither bleomycin or copper (II)
nitrate absorbed ih.this range at the cgncentrations ﬁseﬁ;

A sé?ies of solutions containing varibus volumes of 2 x 10_3H
bleomycin and 2 % 1072H éopper (II) nitrate were prepared in
O.0lkMacetate buffér pH 4.5, the final volume of each solution
‘being 3.0 me. The absgrﬁances of the sblutiﬁns at 560 nm
590 nm and 610 nm weré recorded using a solution of_O;OI&F1

~ acetate buffer as the blank solution. A graph of absorbance

at 590 nm against the mole-fraction of bleomycin was plotted

Fig. 32.

Method of Yole-Ratio

A series of solutions of varying bleomycin : copper (II)
ratios from 03X to 2.5 : 1.0 were prepared in acetate buffer .

pH k.5. ALl the solutions were made to 10.0 cm.
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The absorbances were reéorded,at‘590 nmiusing 0.0lﬁnacgtata |
buffer pl 4.5 as the blank sélution- #-graph was plotted
of absorbance at 590 nm against the mole ratio of bleomyéin :
copper (II) Fig. 33

The cobalt chelate of bleomycin was: alsc studied,
The visible: spectra of cobalt bleomycin was recorded Fig; 34
and a series of solutions of bleom&cin : cobalt (II) chloride
of varying ratios from 0:1 to 2.5 : 1.0 were prepared. The
absorbances were recorded at 580 nm using 0.01mH acetate:
buffer pH 4.5 as the'blaﬁk;sdlution. A graph was ﬁlotted
of.abéorbance at 580 nm égainst the ratio of bleomycin :

cobalt (II) Rig. 35

Electron Paramagnetic Resonance studies

Copper (II) bHleomycin was prepared in aqueous solution
by mixing copper (II) nitrate to bleomycin at molar ratio of
1.5 1.2 (the latter quality was used due to the pgssible error
in weighing out bleomyein) in the minimum volume of distille&..
. water. The solution was. placed in a dESsicator-contaihing
silica gel. The dessicator was evacuated and left until
the blue copper (II) bleomycin * -, remained és a-dry solid.
This colid was ground with an agate pestle and mortar aﬁd
the resulting powder sent fo the> Chemistry Dept., University
of Leicester where=itsféwp.r. spactra was deternined Fige 36

and assignzents made.
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Figure 3l. Visible Spectira of Copper (II) Bleomycin
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Firure 32. _Continuous Variation PTot for Copper {(I1) =~

Bleomycin Complex (C.z €+ Cppy = 0.002H

at pH L},.S)

Absorbance at 590 nn
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Ficure 33. Hole~Ratio Plot for the Copper (II)-Bleomycin

Complex: -
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gure 2h.

Visible Spectra of Cobalt Bleomycin

F

i

600

100

¥
"
3
Q

0.25

aourqIosqy

- 152 -

Wavelength nm



Mole-Ratio Plot for Cobalt-Bleonmycin Comglgg

Figure 35.
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The'metho; continuous: variation suggested that the
copper (II) bleomycin chelate exists as a 1:1 c&mplex.
The intersection of the two straight lines is approximately
0.5; the reason why it is not exacﬁly 0.5 is probably due
to errorﬁ in weighing out the;bieomycin by asSuming the
mole cular. weight to.be 1,484 (pure dleomycin AZ). The:
sharpness of the two straight lines indicate that the complex
isquite~stable'And when the ratio of copper (II)'to‘bleomyciﬁ
is I:1 the plot iﬁdicates that all the copper ions present
are in the form of the complex. | l

Thé mole-ratio studies indicated‘that both the
copper (II) and cobalt bleomycins:exist as 1:1 complexes.
In addition, the straight-line naturelof the two graphs
indcate that both complexes are quite stabléy

The'prbtonation constants determined for putrescine
{1,4-diaminobutane) ~and spermine (ﬁ,9-diazo dodecane-~1,
:lawdiamine) are shown in Table 9.. Because the original
values determined for the logarithm of-the consecutive pro-—
tonation constants wére less than‘B.O, a cofrection vas
necessary to determine‘accurately the values of.the cbnstants,
~the relaxation method of Watkins énd Jones (152) was used.
The n - pH plots are shown in Figs. 40 and 4l. - The titration
‘Curve for the bleomycin sampie is shown in Fig.. 39, no
marked inflections are apparent and this coupled with the
presence of several differenk: ionisable groups made it not

possible to determine the protonation constants.
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Figure 37. Titration curves of Spermine (I=0.1l, 25 G)

A Spermine ligand

9.0l B Cu(II) + spermine
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Fipure 38. Titration Curves of Putrescine (I=0.1, 25°C

A = Putrescine B = Cu(II) + Putrescine
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Fizure 39, Titration curve of bleomycin in water,

25%c, I = 0.1
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Figure: 40,

Formation curve of the Protonation’

of Putrescine
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Figure Kkl. Fornation Curve for the Protonation of Spermine
g
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Table 9. Protonation Constaﬁts of Putrescine and Spermine:

Tempas ESOC, ionic strength 0.l

Polyamine: log K é;fg;i;‘ Ll%iggfuigggalues ,
Putrescine | 10.3 10,5 10.72
(1,4~ _ = |
diaminobutane) 9.25 9,25 9.24
Spermine 10.3 -10.'5 . 10.80
(#,9,diazod§%cane— . | =
1,12-diamine) 947 9.9 10.02

8.8 8.8 8.85

7.8 - 7.3 7.95

Table 10. Chelate Formation Constants of Copper (I

kL

cormlexes of Putrescine and Spermine

Polyamine Stability Constant Literature
T Valuos (159)
Putrescine Y S -
( 1’1{"- . 1’0’1
dianinobutane)

Spermine (4,9-diazo-~

dodecane-l,12-diamine) 14.5 C 1.0.1 14,7
. ' | Bt |

9.80 o 9.99

The: chelate formation constants for the_coppér (1)
conplexes of the polyanines putrescine and spermine Qere
deternined and aré shown in Table 10. ~In the potentio-
metric titration of bleomyecin in the presence of copper (II)
ions, the addition of copper (II) ions resulted in the

immediate formation of a bright blue splution, no precipitate
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QaSrformed;' Thejcopper'(II) ion-selective electrode indicated
that at a pH less than 3; theacoppef'ions were removed from -
solution ahd_presumably were chelated by fhe bleomycin
present. This ability of bleomycin to chelate copper (II)
ions. at such an acid pH indicates that the bieomycin

molecule has-considerablelaffinity for copper (II) ions:

and that the complex. formed is quite stablee -

Theré.p.r. spectra’ of cofper (II) bleomycin powder: .
were run at room temperature. A]LVwas:dgtermined to be
18.6 mK; vhile g,, was calculated to be 2.16. ' No superfine
structure was observed from th but thé marked asymmetr& and
- broadening” of 1f features could be due to unresolvéd‘qu
.hypérfine. Only two-]l features could be detected in the
spectra and these were considered to be'thez+ 3/2Iand + 3 |
features. Illo features to the low field of these féatures'
were observed in the spectra and it was considered that
the - % and - 3/2 features were hidéen among the perpéndi-

cular features..
The data presented was accurate to the first order
ife. limits of the high field approximation, all data used

in references (148, 153) were also of first order and examined

. the copper (II) e.p.r. of proteins and artificial polypeptides. -

- 162 -



DISCUSSION

Both the continuous variation and'mcIe—fétio methods
indicated that copper (II) bleomycin existsras a l:1 compléxes,
. in addition the mole-ratio method sugéested'that cobait
bleomycin is also a 1:1 compléx;' These experiments: also
- showed that both.metals are strongly chelated by bleomycin,
These reéﬁltéuagree with the observations of Numn (154),
Nunn_haSﬁélgo considered that the exceptional staﬁility of
cobalt bleomycin arises:from the oxidétion of cobalt (II)
t§ cobﬁlt (IIX) while the ion is chelated;tc bleonycin.
Copper (II) bleomycin shows an absorption bané‘in the visible
spectrum in the region 585 ~ 610 nm. The molar extinction
coefficient at 590 nm vas calculated to be 370 ML on”t,,
Bleomycins are unique: glycopeptide molecules but it is
possible to make an aﬁproximate comparison wifh polypeﬁtides
and proteins. e.g. ribonuclease. The visible absorption
spectra of copper (II) bleomycin is similar to that obtained |
when copper (II) is cheiated to ribonuclease. Thé.absorption‘
svecira is not intense in.the region 600 -- 625 nm as that
exhibited by the "blue" {("type I') copper;electrop'fransfer:‘
préteins €ee ceruloplésmin, ascorbate: oxidase.. These
proteins. have an meclar extinction coefficient of 1000 -

-1 at 600 - 626 (155) and it is considered that’

5000 M+ cnm
these proteins have an unausual co~ordination system with
copper- {II). Tt is considered that the binding sites

consist of 3N and 1S of which two of the nitrogen binding

~
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sites: are imidazoles. Brgsiow:andfGirotti (156) investigated .
the binding of copper (II) ions to ribonuclease by comparing
the visibie:spectra obtained with model. systems of copper (II)
low molecular weight chelates with that of ribonﬁclease.
Copper (II) chelates with a maximum wavelength of absorption
in the #isible'region of 590 - 600 am with molar extinction
coefficient of approximately EOO'M—I cmfl'were‘conéﬂéredlto
be either bound to a ligand syétem consisting of one imidazele
.an&Ltwohpeptidernitrogen bonds or to a system of foun-NHs
ETroupsa.. -

The e.p.r. spectra of copper: (II) bleomycin was
‘compared with values_obtained'foﬁ'firstlorder speétra-of |
" natural poljpeptidés-an& artificial poijpeptides (148) ..
The‘All,.gll.valuessuggest that the ligandsbinding the
couper {II) ion to bleomycin are eithor-two‘nitrogen and two
sulphur confaining groups or four nitrogen containing groups.

Possible sulphur ligands in bleomycin could'belthe two
sulpﬁur atoms in the bithiazole ring systems It seems that:
-when bleomycin_is chelated to copper (IT) ions it does not
attack DNA. It has been suggésted that the bithiazole: ring -
systenm. is implidated in ther binding of bleomycin to DNA{157)
and hence if this part of bieomycin is chelated to copper (II)
it:may not be able to bind to DiNA.

The o{-amino group of the B—amino-—alanine moiety and
the 3-O-carbamoyl group have been implicated in COppér (11)

chelation but there appears to be no evidence for the
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involvement of the histidine (imidazole) component of bleomycin
' The pKa' values of bleomycins are h—amanPyrlmldlﬂe (pKa*
2.9), imidazole {(pXa' 4.7) and ﬁamlnoalanlne (pKa' 7. 3)-
The potentiometric titration study of copper (II} bleomycin
indicated .that con51derable chelation occured.even at pH 2.7«
Thls suggests that the above 3 nitrogen contalnlnﬂ groups
andjthe;E—O—carbamoyl group could be involved in the chelationr
of copper (II) ioms.. It must be realised that several of
the~terminal.aminé grougps e.g.‘guanidine.could_also be: -
involved inléhelation 5uf as yet fhere=is no evidence of
such an involﬁement. |
The protonation constants of putrescine (l;h-diamino
.butang) and.spermine (4,9-diazadodecénenl,12;diamine)_agree
with literature values (158 159)s in addition the coppexr-
(I1) stability constants calculated for sﬁermine agree with--
thé literature values(159). There appears to be no- previous
calculation of copper (IIL) stébility éonsﬁan%s of putresciﬁe
in the literature, this may be due to problems of prec‘ipitation |
of hydrolysis products during the: titration. This. was |
overcome by working at a ﬁutreécine:cOpper (II) ratio of

9:1.

- 165 -~



SUMMARY

The reaction of flu@fescamine with the bleomycinss
gave.fise?tc=f1uorescent products which exhibited typical
characteristics of fluorescamine derivatives of primar&f
amines. Fluorescanine was als§ used as a spray reagent
~ to locate separated bleomycins on t.l.c. plates and bleomycine
fluorescamine- derivatives were separated on t.l.c. platess
The gel electrophoresis.of bleomyéin and;bleomycin-
:fluorescamlne was studled and it was shown that 5.D.5. gel
electrophoresis could resolve commerc1a1 bleomycin mlxtures
and fluorescamine labelled.bleowycins into two fractions.

Thé_silica gel h.p.l.c. proceduré-éeparated commercial
'bleomycin preparation into its major cémponents, this method
being rapid and sensitive. The reverse phase h.p.l.c.
procedure also proved a rapid procedure for'separating thé
major bléomycins of the commercial bleomyciﬁ product;'
Attémpts were made to separate and estimate the bleomycins

in bioiogical fluids using cellulose phosphate as a ﬁurifi-
cation stép prior to silica gel hepalec. This procé&ure
p;oved fo be more difficult than expected and interference
from several biological compounds was obtained, of which a
major component was: found to be creatinine. | The silica
gél h.p.l.c; procedure should prove suitable for qualitj

control studies.
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The effects of bleomycin and copper (II) bleomycin
on rat lung transglutaminase and on fibrin cross linking by
factor XIITI were investigated. Both bleomycin and copper
" (II) bleomycin proved to be competitive inﬁibitors-af‘; |
{"1,4—140;7'- putrescinefincorporation into N,N—dimethyl—
caéein when.cafalyse& by the: "soluble” rat lung trans§

glutaminase. Only copper (II) bleomycih vag found to be

¥

1%0;7;putrescinez_

an effective competitive inhibitor of 6'1,4-
when_studying particle "bound" rat lung transglutaminaée;.
Both bleomycin and coépér (II) vleomycin were shown to 5&
inhibitors of Of -nmonogmer pqumerisation of fibrin cross-
linking by Factor XIII.

‘The metal-bleomycin studies showed that both copper
(II)«bleomycin.and cobalﬁ-bleomycin to exist as i:l chelates.
Spectrospcopic studies suggest that copper (iI) ﬁay be bound

" to four nitrogen containing ligands or two nitrogen and two

sulphur containing ligands when complexéd with bleomycin,.
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FUTURE WORK

At present studies are being carried out on the mass-

5 and its tetra-methyl silyl.

derivative(s). It is hoped to follow this study with a

spectroscopy of bleomycin B

mass-spectroécopy investigation of copper (II),bleomycin,
it may be possible with these investiggtions to obtain
additicnal information on the groups which chelate to
coppers.. |

Although bleonycin is considered to.have its major
influence on ce11 metabolism 5y binding to DNA and causing
chain breakage;of.DNA, it may have ﬁther.effects; Poly—
amines are khown to play important roles in protein synthesis' 
e.ge. activation of amino-acyl t-RNA formation (161) and
induction of the association of ribosomal subfunits (162)."
The conversion of volyamines into their respective aldehydes. -
is éatalysed by cbpper (11) - coﬁtaiﬁing énzymes - diamine
oxidase—(histaminase) aﬁd serun émine oxidase. The former
enzyme occurs in high cancentrations in kidney tissue3(163)

small cell lung carcinoma (164) and medullary thyroid

cafcinoma (165). Eoth enzymes are readily inhibited by
copper (II) chelating agents and it is.intended to
investigate the effect of bleomyciﬁ on the activities of
these -enzynmes.,. B

The development of an h,p.l.:; sysfem:to assay
bleonmycin in.biaiogical fluids seen to require the use of a

fluorinmetric detector. A fluorimefric h.p.l.c. system has
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recently beeﬁ devised to assay gentamicin levels in serum
(166) using o-phthaldehyde as the fluoresceﬁt.label; a pre*-f
h.pe.l.c. ?urification step involving silicic acid was used.
It is intended to investigatewsﬁch a system for bleomycin
using fluorescamine as the fluorescent label if a flow~ |
through micro-fluorimetric cell can be obtained,

The discovéry (167) that DNA chain breakage and
release of free hases by-bléomycin were enhanceﬁ by iron
(Ii) and iron (III).ionq raised the possibility that free
radiﬁals are involved in bleomycin-action. " Sausville
et al, (163) observed that molecular oxygen was required
while Ishida and Takahashi (167) proposed that Og;was one of
the chemieal mediators responsible for the enhancement of

)

the DA chain breakage by bleomycin.

- Udenfriend et al. (169) have proposed a system for
hydroxylation involwving iron (II) ions, EDTA, ascorbic acid
and molecular oxygen. The molecular oxygen can be replaced
by hydrogen peroxide and ascorbic acid can be replaced bj
other electron donors (169); the system retains good
hydroxylating_acfivity even when iron-EDTA is replaced by
copper (I) ions. There is still argument'as.to the néture
of the hydroxylating agent of the Udenfriend system;
Staudiﬁger et al, (170) have suggested:that Hoé radicals
' are involved while other workers (171) have proposed that
" T0-0" is the h&droxylafing agent., It is éossiblé.that
a similar system to that of'Udenfriend may operate when

bleomycin attacks DNA, bleomycin replacing EDTA in the

systems
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Lown and Sim have recently demonstrated (172) that
free radicals are involved when bleomycin attacks DNA.and
.it is proposed to investigate further such an effeéf on
model systegs, in particular to observe its.effects on.
tritiated DNA and on 1ipid peroxidafion;

Irn addition it is iﬁtended to investigate the
stoichiometry of the copper (II), bleomycin; ascorbic. acid

systen using an oxygen electrode. ' ‘ '
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