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ABSTRACT

Preliminary investigations , Prom this laboratory, are reported

regarding the 'cellular' kinetic behaviour of cystathionine synthase

(CS) in cultured fibroblasts. Before embarking on the present

study, the radio-isotopic assay of Mudd et aL (1965), widely used

in determination of CS activity was studied and found to be unsuitable

per se, especially when employing ("*■ C) serine at a high activity in

the assay. Skin fibroblast cultures, grown to confluency in Bellco

roller bottles employing Waymouths medium, were obtained Prom three

CS-deficient patients and four controls. Prior to initiation of

experiments, the growth characteristics of all cell lines were

monitored. Parameters measured were cell numbers, increase in protein

content and also DNA content (measured by incorporation of tritiated

thymidine). Cellular kinetic studies have been performed on cell-free

and partially purified extracts, the kinetic parameters Km^p and Vrnax^p
being computed for all cell lines employed to date. In two CS deficient

lines (pyridoxine responsive), Km^p exceeded the normals by a factor
of 4-fold, while in the third CS deficient line (pyridoxine non-responsive)

the Km exceeded the normal by a factor of 5-6 fold. In the same two
app J

CS deficient lines (pyridoxine responsive), Vmax was the same or
app

nearly equal to the control value, while in the third CS deficient

line (pyridoxine non-responsive) the Vmax was 0.4-0.5 that of the normal.

It appears that the kinetic parameters of CS deficient lines may

correlate with responsiveness of a patient to pyridoxine therapy.

Further studies are necessary to establish or refute this hypothesis.

The results can be explained by deficient co-enzyme binding to apoenzyme

in pyridoxine responsiveness, a mechanism still not clearly understood.

In the kinetic experiments performed, the concentrations of co-

substrate, homocysteine, in the assay, varied between 0-5GrriM. In

CS deficient lines, it was noticed that at low homocysteine concentrations

(0-8mM), the velocity curves did not follow a Michaelis-Menten type



hyperbola, but exhibited a lag in the reaction velocity before

attaining a more hyperbolic saturation. Assays of CS activity

at such concentrations of homocysteine could result in lower than

real values of CS activity being calculated. A simple model, based

on the presence of homocystine in fibroblast extracts, is postulated

to explain this lag phenomenon.

Amino acid analysis was performed on normal (control) and CS

deficient cell lines. The disulphide homocystine was evident

in CS deficient lines but was not detectable in the control cells.
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SECTION ONE



1.

GENERAL INTRODUCTION

L-methionine, a sulphur containing compound, is one of the essential

amino acids for mammalian nutrition. The different factors that regulate

its metabolism are not fully understood but it is known that certain

abnormalities in sulphur amino acid metabolism lead to various diseased

states. A better knowledge of methionine metabolism would therefore help

towards understanding the aetiology and therapeutic application towards

the diseased states.

Of the various functions attributed to methionine in the mammalian

system, the predominant ones are its role as (a) an initiator of protein

synthesis in the form of N-formylmethionine£ l], (b) a methyl donor in the
form of S-adenosyl-Ij-methionine j_ 2J, and (c) a precursor of various

[3].biological molecules and amino acids such as cystathionine

L-methionine metabolism has been shown to occur in various tissues

and organs [4,5,6,7]. In man it may be responsible for synthesis of 907.
of methionine. Some of the important steps involved are illustrated in

Figure 1.1(a). The initial step is an ATP-dependent reaction which

converts methionine to the active form, S-adenosyl-L-methionine (Fig.1.1(a),

reaction 1 ), the enzyme involved being highly specific for methionine.

Most of the product is then used in transmethylation reactions where the

methyl group is transferred to methyl acceptors such as epinephrine

(Fig.1.1(a), reaction 2 ). The product of that reaction is S-adenosyl-

L homocysteine. The adenosine moeity of the latter is then cleaved by a

specific hydrolase £ 8 J in a reversible reaction favouring j3-adenosyl-L-
homocysteine _in vitro. It also means that unless homocysteine and

adenosine are constantly removed, the mammalian tissues would most likely

contain S-adenosyl-L-homocysteine rather than homocysteine M.
Under normal conditions, L-homocysteine may be metabolised through



2.

two routes. It can be remethylated to methionine involving at least

two enzymes. (Fig. 1.1(a), reactions 7 and 8 ) viz. betaine-

homocysteine methyltransferase [eC.2.1.1.5J and N^-methyltetrahydrofolate
homocysteine methyltransferase £eC.2.1.1.13J respectively. The second
route is via what is termed the transulphuration pathway. L-homocysteine

and serine undergo a unidirectional reaction producing cystathionine

(Fig.1.1(a), reaction 4 ). This pyridoxal phosphate dependent reaction

is catalysed by the enzyme cystathionine synthase [eC.4.2.I.22] .

Cystathionine is then cleaved by cystathionase (Fig.1.1(a), reaction 5 )

also in a pyridoxal phosphate dependent reaction to yield cysteine and

ci-ketobutyrate. These two products are subsequently metabolised to yield

inorganic sulphate or carbon dioxide respectively as illustrated in

Fig.1.1(a).

Some of the enzymes involved in L-methionine metabolism have been

shown to have different activities in various species [3,10,ll}. This

could be an example of a coarse type of control on the pathway. Diet and

hormonal changes have been found to affect some enzymes [l2,13], e.g. a

high level of methionine would repress synthesis of N^-methyltetrahydro-
folate homocysteine transferase but would increase synthesis of product

of S-adenosyl homocysteine hydrolase and of cystathionine synthase.

However, when faced with sudden changes in cell environment, the cell needs

a fine control mechanism. This is achieved by the relative affinities

of the various enzymes involved and by the presence of activators and

inhibitors. Thus cystathionine synthase is activated by _S-adenosylmethionine

and by _S-adenosyl homocysteine which also inhibits betaine homocysteine

methyltransferase f141. Methionine also regulates the pathway by com¬

petitively inhibiting betaine homocysteine methyltransferase. Pyridoxal

phosphate and serine are co-factor and co-substrate respectively, activating



3 betaine-homocysteine methyltrans-

Fig. 1.1(a): Main steps involved in methionine metabolism in

mammals.

Various enzymes and co-factors are involved in

mammalian metabolism of methionine. The main co-

factors are vitamin 2^2' Py*^033-! phosphate (PLP), and
flavin adenine dinucleotide (FAD), all indicated in | 1 .

Among the different enzymes, the following have been

studied and known to have a particular bearing on the

causes of homocystinurias-

Reaction{^^, cystathionine synthase
Reactior

ferase.

Reaction^j^, N-methyltetrahydrofolate homocysteine
methyltransferase.

Reaction^^, 5>10 methylene tetrahydrofolate
homocysteine reductase.

The pathway is useful in maintaining the level of

methionine within the requirement of cell under normal

conditions (Fig.l.l(b). When the exogenous methionine

is high, the pathway directs it towards the production

of SO^— or CO^ (A). When the level is below require¬
ment remethylation of homocysteine helps replenish the

level of methionine (B).
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Figure 1.1(h): Homoeostatic control of methionine level

under normal conditions.
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the enzyme cystathionine synthase.

On the whole the essential amino acid level is controlled by

remethylation of homocysteine when the level of the methionine is low

and by directing the metabolism of homocysteine through the transulphuration

pathway when the level is high (Fig.1.1(b)) |also,15j.
Various aberrations of methionine metabolism are known which result

in the presence of abnormal clinical conditions. Most of these conditions

are related to the category of 'Inborn Errors of Metabolism' as defined

by Garrod in 1908. Homocystinuria is one such defect. It was independently

discovered in Ireland in 1962 ^16 J and in the United States ^17,18^. As
the term implies, a high level of homocystine was excreted in the urine of

the patients. Clinical symptoms became more evident, resembling Marfan's

syndrome The disorder is characterised by skeletal deformities,

ectopia lentis, and thromboembolic complications. Deficiency of

cystathionine synthase activity in liver confirmed the suspicion of Mudd

et al that the condensation of homocysteine and serine in the metabolic

pathway of methionine could be the cause |j20,2lJ. Many homocystinuric
patients were responsive to megavitamin Bg therapy but diversity in response

highlights heterogenity of the disorder [22].
At least four different genetic lesions are now known as shown in

Fig. 1.2(a). Three of these have an effect on the conversion of homocysteine

to methionine, catalysed by N-methyltetrahydrofolate homocysteine methyl-

transferase. A lack of methyl cobalamin co-factor, could be responsible

in two instances while in the third type the defect is due to a lack of

substrate N-methyltetrahydrofolate Q23J, resulting from an inefficient
activity of N^'^ methylene tetrahydrofolate reductase. Some common types

of homocystinuria are now outlined:-

a) Homocystinuria due to inadequate B.^ metabolism. Decreased levels of
methionine and increased levels of cystathionine in urine, plasma and brain are



4.

the main biochemical characteristics in this defect |24,25,26j. Abnormally
low activity of N^-methyltetrahydrofolate homocysteine methyltransferase

has been demonstrated in extracts of liver, kidney, brain and cultured

fibroblasts [27,28j. In vitro addition of vitamin B^ was found to restore
the activity in gel-filtered extracts of low activity. It could be assumed

that an inability to accumulate active derivatives of f°r some reason

was the underlying cause of this type of homocystinuria. Some patients

have been described with a clinical picture of B^ malabsorption leading
to megaloblastic anaemia. They responded only to parenteral administration

of B^ anc* had normal gastric intrinsic factor and serum B^ binding
capacity. It was thus postulated that these patients lacked a specific

factor to transport the B^-intrinsic factor complex through the intestinal
wall. Such a condition appears to be inherited as an autosomal recessive

trait |^29-3lJ.
b) Homocystinuria due to methylenetetrahydrofolate reductase deficiency.

The biochemical abnormalities in this case are homocystinuria, homocystinaemia,

low methionine levels but normal serum total B^ £ 32^. The defect is one
of remethylation but not involving B^* A. low level of the reductase enzyme
catalysing the conversion of '^methylene tetrahydrofolate to methyltetra-

hydrofolate was demonstrated. An inadequate level of the substrate for

remethylation explains the raised levels of homocysteine.

c) Homocystinuria due to cystathionine synthase deficiency. This is

probably the most common and basic form of homocystinuria. The main

biochemical findings are high blood and urinary levels of methionine and

homocystine. Low activities of cystathionine synthase have been found in

liver and brain of affected individuals, possessing 1-27. of normal activity

[^33-36^ Uhlendorf and Mudd (1968) found that cultured skin fibroblasts of
normal persons showed cystathionine synthase activity while those from

affected individuals showed little or no activity [21]. It is observed
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from Figure 1.1(a) that in a normal individual an oral methionine load would

lead to increased levels of urinary inorganic sulphate. This fails to

occur in a homocystinuric person and in fact an oral cysteine load increases

the sulphate excretion.

d) Homocystinuria due to other causes. Theoretically, a deficiency of

betaine-homocysteine methyltransferase can lead to homocystinuria. No

patient with conclusive evidence of a low activity of that enzyme has yet

been reported. Accumulation of homocysteine results in oxidation to the

disulphide homocystine. A defect of homocystine reductase could theoret¬

ically produce a form of homocystinuria ^37J- Finally, administration of a

drug, azauridine triacetate, has been found to induce a non-genetic form of

homocystinuria [37^].
The clinical symptoms of homocystinuric patients are related most

commonly to the central nervous system, skeletal system and cardiovascular

system. Mental retardation and psychiatric disturbances are among other

manifestations of the nervous system. Severe mental retardation has been

observed only in rare cases. Most patients studied have had an average

intelligence and the fact that only a low percentage of institutionalized

mental defectives are homocystinuric could mean that mental retardation is

not an absolute feature of homocystinuria. However, thrombotic complications

lead to early death and this may mask the frequency of mental retardation

in surviving patients. Psychotic behaviour has been observed in a few

patients usually suggestive of schizophrenia. In one case, a whole family

history was noted [38,39]• Intracranial venous and arterial thromboses cause

various metabolic effects in young homocystinurics, e.g. acute hemiplagia,

paraplagia giving a picture of poliomyelitis or headache, neck stiffness, and

bloody cerebrospinal fluid [^oj.
Changes in bone that are often seen in homocystinurics include

osteoporosis, anterior chest deformity, enlarged ossification centres and

tendency to fracture. These skeletal abnormalities may be due to a



Pig.1.2(a). Main abnormalities of methionine metabolism leading to

increased levels of homocysteine.

The most common type of homocystinuria is due to a

deficient activity of cystathionine synthase. Failure

of remethylation of homocysteine to methionine is

another cause. This may he due to a deficient activity

of the reductase leading to a lack of substrate for

remethylation or may be due to some defect in B^
availability. A deficiency in betaine-homocysteine

methyltransferase is the other possibility of failure

in remethylation.

Pig.1.2(b). Clinical consequences of homocystinuria due to deficient

cystathionine synthase activity.

A variety of well-defined clinical characteristics

are observed in homocystinuric patients. The defect is

commonly in the cystathionine synthase activity and the

clinical consequences are mainly due to low levels of

cystathionine and accumulation of precursors in the

pathway.
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structural defect in collagen.

Among the ocular features associated with homocystinuria, ectopia

lentis is the most common. It is also present in Marfan's syndrome but

differs in two respects, viz. that a) in Marfan's syndrome, the lens is

dislocated upwards while in homocystinuria, the dislocation is downwards,

and b) ectopia lentis of Marfan's syndrome is congenital while that of

homocystinuria is acquired and is seen three or more years after birth.

This may be due to the absence of foetal protection by the placenta, which

disappears post-natally. Myopia is another common ocular feature;

glaucoma is always present with ectopia lentis.

Thromboses occur in virtually any artery or vein of an untreated

homocystinuric. Thrombophlebitis with pulmonary embolism, coronary artery

occlusion, renal arterial stenosis with hypertension, and intracranial

arterial and venous thromboses are common. Fatal coronary occlusion and

incapacitating angina pectoris have been reported in various patients

jje.g. 4lJ. Low prothrombin and fatty liver are also common findings |~42,43j.
Malar flushing, wide spores of facial skin, ulcers of ankles, and dilated

veins are among other features associated with the skin.

The pathological consequences of homocystinuria result from two main

causes, viz. a) effects due to deficiency of a substance distal to the

block and b) the toxic effects due to accumulation of substances proximal

to the block. These effects could be illustrated by considering the common

form of homocystinuria (Fig.1.2(b)). Thus cystathionine becomes depleted

in brain of homocystinurics while in a normal subject it is present in

higher concentrations than in other tissues JjL7,44—46^j. It is not known,
however, whether it is the low levels of cystathionine and cysteine or the

elevated levels of methionine and homocysteine in the brain which is

responsible for some cases of mental retardation. Methionine and homocysteine

have been shown to be highly toxic when present in elevated quantities

It is also not certain whether changes of connective tissues of the eye,

skeleton, and arteries are due to relative deficiency of cystine and cysteine
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or accumulation of -SH groupings of homocysteine. One possibility could

be that a deficiency of sulphate donor may affect the acid mucopoly¬

saccharides resulting in impairment of collagen synthesis £ 47jj. Another
possibility could be the interference of cross-linking of collagen by

homocysteine [47J. Ectopia lentis could be a consequence of cystine

deficiency [47],
Biochemical response to pyridoxine is variable and unexplained in

homocystinuric patients. Spaeth and Barber (1967) followed by other

workers reported that administration of pyridoxine in large amounts causes

a fall in plasma methionine and homocystine |^22,48-5oJ. However, only
some of the patients were responsive, while others did not show any change

even after massive oral doses of pyridoxine of up to 500mg/day [51-53^.
This difference is still not understood but it is suggested that in some

patients the large doses of pyridoxine could be stabilising a defective

cystathionine synthase apoenzyme which fails to bind with its coenzyme, and

that in other patients the pyridoxine may be accelerating alternative routes

of methionine metabolism [,37J.
This difference in pyridoxine responsiveness is one example of the

genetic heterogeneity of homocystinuria. Analyses on multiple pedigrees

and direct assays of cystathionine synthase on patients and relatives

indicated that homocystinuria is inherited as an autosomal recessive trait

£54]. Differentiation of heterozygotes from normal individuals is only
possible by enzymic assays. Cystathionine synthase activity in cultured

skin fibroblasts and in phytohaemagglutin-induced lymphocytes has been seen

to be a useful tool in detecting heterozygotes [.21,55^. Uhlendorf (1968)

showed that parents of affected individuals show enzyme activities at the

lower end of the control range. There was thus a statistical difference

in enzyme activities of a heterozygote and normal population but it wnuld

still be difficult to define whether a particular individual as such is

heterozygote. Fleisher _et al. (1973) using a different method including

amino acid autoanalysis found a clear distinction between a control and

heterozygous population. However, the sample population was small and their
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method needs testing in a larger population [_56j. the method of
Goldstein utilizing lymphocytes, the distinction between the two populations

was significant but there were still some examples of overlap [_55] .

The disease itself is first detected by a screening test using the

nitroprusside-cyanide reaction on urine of suspected individuals [57^.
A few drops of 57. aqueous sodium cyanide are added to the urine followed

by a few drops of sodium nitroprusside solution. A pink to red colour

may indicate excess homocystine. False positives are likely e.g. lysine,

cystine as found in cases of cystinuria. The amino acids need identifying

on paper chromatography. Quantitation in fasting serum or plasma is the

next important step. Technical aspects are important to note at this stage,

e.g. a delayed deproteinization of plasma may give false low values of

homocystine as the latter is bound to the protein by sulphydryl and di-

sulphide interchange. The important results determined from amino acid

analysis are the levels of homocystine and cysteine homocysteine mixed

disulphide and the level of methionine,

A clinical diagnosis with above results may become possible and the

type of homocystinuria deduced for appropriate therapy. However, confirm¬

ation of diagnosis needs more sophisticated techniques involving accurate

assay of the respective enzymes.

Cystathionine synthase has attracted most attention, this being due in

no small way to the number of individuals affected by cystathionine synthase-

deficiency. This enzyme has been assayed in skin fibroblasts and in

phytohaemagglutin-induced lymphocytes of patients [_55^. Mudd and co-workers

introduced microassays of three main enzymes of the transulphuration pathway.

Their assays involved use of radioactive substances and they claimed the

methods to be sensitive and invaluable for diagnosis. Thus as low as one

per cent of normal activity could be detected for the assay of cystathionine

synthase I 21J. Ion exchange chromatography 49 , coupled enzyme assays (58J,
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and spectrophotometric methods have also been used to determine

cystathionine synthase activities. A short assay was also reported which

measured the amount of cysteine formed [59^.
Much work has been done on cystathionine synthase from rat and human

liver. The rat enzyme has been purified and some kinetic studies reported

[6o], Kashiwamata j2t _al. (1970) reported that the enzyme from rat possessed

two pairs of identical subunits having a molecular weight of 70,000 and

50,000 ^6o]. This was substantiated by other groups working on human liver

enzyme. Two enzymic active forms were found, the ^ and p> types, dependent
on pyridoxal phosphate [6l]. The enzyme was shown to exhibit two distinguish¬

able activities, viz. a) homocysteine + serine cystathionine and

b) serine + inorganic sulphate -* cysteine, in the latter case, the enzyme

acting as a sulphydrolase. A short method of assay was based on this

reaction ^58]. Porter _et al. (1974) further showed that synthase activity

(represented as catalysing serine + sulphur cysteine) and L-serine

dehydratase activity (reported as catalysing L-homocysteine + serine —>

that L-serine dehydratase had some important physiological role of the

transulphuration pathway under normal conditions and that in specific cases such

as foetal development and cystathionuria, the cystathionine synthase activity

may become more important. Immunological studies and isoelectric focusing

coupled with gel electrophoresis showed a difference between normal and

abnormal fibroblast enzymes. Two subunits were identified in both normal

and abnormal but a combination of urea and sodium dodecyl sulphate treatment

showed that the low molecular weight subunits were different. The workers

concluded that the molecular defect in that particular case was due to an

alteration in the structural gene coding for the low molecular weight subunit

of cystathionine synthase ^63^|.
It would thus be interesting to see whether this difference in subunits

is reflected in the cellular kinetic behaviour of the mutant and normal cell

cystathionine) were both They speculated



lines. The main objective of the present work was therefore to evaluate

the use of tissue culture in assay of cystathionine- [3-synthase activity

and to attempt cellular kinetics on mutant and normal cell lines with the

view of obtaining some informations on the properties of the enzyme. The

growth characteristics of skin fibroblasts in culture were also studied.
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Case reports on homocystinuric patients studied

Homocystinuric patient (L.B.), code number HC1

The patient (L.B.) was born in 1961 to healthy unrelated parents.

Mental and physical development were both delayed, but investigations at

age 2 years including urine amino acid analysis were negative. When aged

11 years she was seen because of bilateral lens dislocation with secondary

glaucoma of the left eye; mental retardation and spastic diplegia were

also present at this stage and homocystinuria was diagnosed on the basis of

the urine showing a positive cyanide-nitroprusside test, homocystine being

confirmed chromatographically. Subsequent features have been recurrent

venous thromboses of the legs and progressive kyphoscoliosis and joint con¬

tractures, with marked X-ray changes of osteoporosis.

Her' two sisters are entirely normal. A brother, who died in infancy

of pneumonia, is said to have been mentally retarded, but was never investigated

for homocystinuria; no other family members are affected. Treatment with

large doses of pyridoxine has produced no clinical improvement.

Homocystinuric patient (K.H.), code number HC2

The patient was born in 1972. She presented with slow development.

She started walking at seventeen months and did not start speaking until aged

two years. She had been considered to be rather slow mentally and to be

very awkward with her movements, but she had improved at a day nursery. She

was admitted in September, 1976 having had an epileptic form of attack at her

day nursery. She had suddenly dropped to the ground and following this, had

tended to grope for things. When she was admitted to the ward, she presented

as a child with fair, straw coloured hair and malar flush. Her vision was

extremely poor, she could not see to walk around the ward without bumping into

objects but this, in fact, improved considerably during her short stay in

hospital. On examination of her eyes, it was noted that she had subluxation

of the lens of both eyes which was described as being subluxation upwards and

inwards. Further investigations showed changes on skeletal X-ray. There
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was slight flattening of the body of C.3 and possibly of C.4. There was

also increased density of the metaphyseal line of the ends of all the long

bones and some irregularity of the metaphysis of both first metatarsals.

The preliminary laboratory investigations suggested that she had homo-

cystinuria. This was confirmed by other results, viz. serum amino acid

analysis - methionine 20Cy4raol/L, and a moderate peak corresponding to

homocystine; urine analysis:- methionine 25yojnol/L and a large peak in
homocystine. Homocystine was detected by thin layer chromatography and

confirmed by column chromatography which also showed the presence of other

disulphides. She improved after treatment with pyridoxine. The serum

eventually showed normal amino acids with no peak of homocystine and the

methionine level was normal. The urine showed only a very small peak

corresponding to homocystine.

Her understanding and memory have improved and repetition aphasia was
*

not as pronounced as previously detected. Her hair is also in better

condition and is less coarse.

Homocystinuric patient (P.K.), code number HC3

No case report available.



SECTION TWO



13.

2. STUDY OF SOME GROWTH CHARACTERISTICS OF HUMAN SKIN FIBROBLASTS

DURING CULTURE

Introduction

Experiments were carried out on extracts of human skin fibro¬

blasts. These required a) growing cells in large quantities, b)

harvesting the cells and c) disruption of the cells by sonication.

The first requirement was the most important one as the experiment

depended on the amount of cell extract available. Many factors

affected the cell growth and propagation. The technical difficulties

involved and the precautions necessary to maintain adequate culture

are outlined in Section 7. Other growth characteristics of the cell

during culture were studied to assess the optimum conditions of cell

culture. Some aspects of cell preservation under liquid nitrogen

were also looked upon. It was also thought interesting to compare

the morphology of cultured fibroblasts from a normal subject and from

a homocystinuric patient.

2.1 ESTIMATION OF CELL DENSITY NECESSARY FOR EFFICIENT SUBCULTURE

2.1.1 Materials and Methods

Waymouth medium was purchased from Grand Island Biological Co.

U.S.A., culture flasks from Corning; sterofil and syringe filters

(pore size 0.2p) from V. A. Howe and Co. Ltd. (London). All other
chemicals were of analar grade. Preparation of working solutions:

a) Earle's balanced salt solution, b) Waymouth medium and c) Trypsin

solution is outlined in Section 7.

Strict asceptic conditions were maintained at all levels of

culture, subculture and medium changing.

Cells intended for subculture were obtained from culture flasks

whose medium was changed during the previous 48 hours. This ensured

the cells to be in the log phase of growth (see below).

Medium was decanted by Pasteur pipette technique. Cell layer



was rinsed at least twice with sterile balanced salt solution. Freshly-

prepared 57. (w/v) trypsin solution (2 ml) was added to the cell layer and

incubated at 37° for 10 minutes. The degree of disaggregation of cells

from flask surface was observed under light microscope. 2.0 ml of

sterile 10% serai medium (preferably warmed to 37°) were then added and

contents mixed. 1.0 ml of mixture was taken into 9.0 ml of isoton for

cell counting in the Coulter counter. Appropriate volumes of the
2

remaining suspension were distributed into 75 cm 'Corning' culture flasks

containing 15 ml of sterile 10% serai medium. The contents were then

gassed with 57. 002-957. air for about 30 seconds. Caps were tightened
and flasks placed in 37° incubator. After the appropriate number of

days of culture, cells were washed and trypsinized as above for cell

counting.

Medium change was performed (when stated) by the following procedure.

Medium was decanted by Pasteur pipette technique. Cell layer was rinsed

at least twice with Earle's balanced salt solution. This step was

optional, as in some cases it was found that washing of cell layer was

not necessary. Fresh sterile medium was then added and gassed as

described above.

2.1.2 Results

3 6
Flasks were inoculated with known number of cells (between 10 -10

2
cells/cm ). After 8 days in culture, cell morphology was observed under

light microscope and cells harvested to calculate the yield. It was

found that the number of cells recovered after 8 days in culture varied

with the number of cells inoculated. When the cell number of the inoculum

3 2
was low (i.e. around 10 cells/cm ) confluency was not attained and the

cell wall showed irregular and sparse arrangement of the cells. When
/ c 2

cell density of the inoculum was increased (between 10 -10 cells/cm )
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cells reached confluency and were arranged in a uniform and regular

manner. The total number of cells harvested was also increased.

6 2
When the inoculum cell number was further increased (i.e. 10 cells/cm ),

the yield did not increase appreciably and the cell morphology was

similar to the previous case. There was thus an optimum number of

cells in the inoculum which would give a confluent cell layer with the

best yield. This value was found to be between 2.5-3.5 x 10^/cm^ for

the cell lines from homocystinuric patients HC1 and HC2 and from a

normal subject, SN18.

It was also found that the yield increased when the medium was

changed within the 8 days of culture.

2.2 VARIATION OF PROTEIN, CELL NUMBER, AND DEOXYRIBONUCLEIC ACID

CONTENT DURING CELL GROWTH

2.2.1 Materials and Methods

Ilj-methyl thymidine (sterile) 1 mCi/ml was purchased from

Amersham, U.K. Cell counts were determined using a Coulter counter

model A with channelyser Ml000. Method and materials for tissue

culture were as described in previous section (2.1.). Protein

determination was performed by the method of Lowry _et al_. ( 67 ).

Incorporation of tritiated thymidine into the fibroblasts during cell

growth was taken as a measure of deoxyribonucleic acid content (D.N.A.).

Method was essentially as follows:-
3

Aliquots (50yUl) of H -methyl thymidine were aseptically mixed

with 50 ml of sterile Waymouth medium and mixture re-sterilised.
2

Radioactivity (5/«Ci/flask) was attained by inoculating 25 cm tissue

culture flasks with 5 ml of tritiated medium. Cells were trypsinised

and subcultured as described in previous section. Samples (1.0 ml) of

trypsinised homogenous suspension were used for each flask. The tissue

flasks were inoculated with 1.0-1.1 x 10 cells/cm . Cells were then

harvested on the appropriate day in the following way. The medium

was carefully decanted into a disposable test-tube, 0.5 ml taken for
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determination of radioactivity. The cell layer was washed twice with

Earle's balanced salt solution and treated with 0.5% (w/v) freshly

prepared trypsin for exactly one minute. The trypsin solution was then

carefully decanted and the flask incubated at 37° for 10 min. Cell

detachment was checked using a light microscope. Cells were washed at

least three times in Earle's balanced salt solution and pellet suspended

in exactly 1.1 ml of salt solution. Aliquots (100/*1) were taken for

protein estimation; 500 jjI taken into 9.5 ml of isoton for cell counts

and the remaining 500 /ml were treated with few drops of 50% (w/v)

trichloroacetic acid and the whole taken into 10.0 ml of scintillation

liquid for determination of radioactivity. To avoid "clumping" during

processing, the above procedure was slightly modified. After trypsin-

ization cells were harvested in exactly 1.1 ml of Earle's balanced salt

solution containing ethylene diamine tetra acetic acid; (EDTA). 0.5 ml

was taken into isoton for cell counting and the rest washed at least three

times with the EDTA-salt solution. The last wash was retained and 0.5 ml

taken for radioactive count. The pellet was suspended into 0.6 ml

EDTA-salt solution. 100 /aJ. taken for protein estimation and the

remainder treated with 50% (w/v) TCA and the whole taken for radioactive

estimation.

Determination of radioactivity - Appropriate volumes of the relevant

samples were taken into 10 ml of scintillation liquid (5 g PP0; 0.5 g P0P0P;

500 ml Triton X-100 in 1000 ml of toluene) and counted in an Intertechnique

liquid scintillation spectrometer at an efficiency of 68-73%.

2.2.2 Results

The average values obtained for the growth parameters studied are

given on tables 2.2. Graphs are also plotted of the log-^Q of these
values against days in culture as shown in Figures 2.2.



Table 2.2 (a)

Growth characteristics of skin fibroblasts derived from a cystathionine-

g-synthase deficient individual (K.H.)

Days in ^3 -Methyl thymidine Cell counts Total protein
culture incorporation (No. of cells/ml) content

(c.p.m./ml) (yg/ml)

1 3,952 62,080 50

2 89,242 78,680 85
4 88,146 71,400 78
5 88,928 74,800 81

7 87,871 71,154 83
8 87,514 69,204 80

☆ 9 86,853 180,280 110

10 88,012 253,920 113

*9 284,588 177,124 102

10 398,417 203,187 116

Cells were cultured and harvested as described in ' Materials and Methods'.

Skin fibroblasts were obtained from homocystinuric patient (K.H.), code
number HC2. Medium was not changed until day 8.

Cell matt of a set of flasks was thoroughly washed with sterile Earle's
salt solution to remove exogenous tritiated thymidine and overlaid with
fresh sterile non-radioactive medium; (arrow (b), Figure 2.2 (a)).

The cell matt of a replicate set of flasks was washed as above and
overlaid with fresh sterile medium containing tritiated thymidine.
(arrow (a). Figure 2.2 (a)).
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Table 2.2. (b)

Growth characteristics'of'skin'fibroblasts'derived from a cystathionine-g-
synthase deficient individual (P,K.)

Days in
Culture

-Methyl Thymidine
incorporation
(c.p.m./ml)

Cell counts
(No. of cells/ml)

Total protein
content

(yg/ml)

1 1,206 46,826 27

2 2,617 60,415 36
4 21,019 103,212 50

6 26,128 109,016 46

8 24,167 107,211 45
12 20,517 102,541 43
15 19,513 36,312 ' 24

☆ 4 21,019 103,212 50

6 22,156 145,064 66

* 8 23,012 156,210 75

10 21,011 220,161 110

12 21,191 231,541 141

15 20,528 190,177 120

©^ 21,019
5 63,211
6 101,152
8 141,207

Cells were cultured and harvested as described in 'Materials and Methods'.

Skin fibroblasts were obtained from homocystinuric patient (P.K.), code
number HC3. One set of flasks had the cells maintained in culture without

any medium change for 15 days.

☆ Medium change after 4 days of culture.
Cell matt of replicate set of flasks was thoroughly washed with Earle's balanced
salt solution to remove exogenous tritiated thymidine and overlaid with fresh
sterile non-radioactive medium; (arrow (b), Figure 2.2 (b)).

^ Medium change after 8 days of culture.
Cell matt of replicate set of flasks was washed as above and overlaid with
fresh sterile non-radioactive medium; (arrow (c), Figure 2.2 (b)).

© Medium change after 4 days of culture. Cell matt of third set of flasks was
washed as above and overlaid with sterile medium containing tritiated
thymidine; (arrow (a), Figure 2.2 (b)).
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Cell numbers - There is a logarithmic phase of growth during the first

few days following subculture. In the case of HC2, the log phase

occupies the first 2 days. This is followed by the plateau phase of

growth which persists until medium change occurs. However, in HC3 cell

line the log phase occupies the first four post-subculture days,

followed by the plateau phase which persists for 12 days. After day 15,

cell death was apparent when viewed by light microscopy, this being

substantiated by the cell numbers as illustrated in Fig.2.2(b). A

change of medium enhances the growth of both cell lines. Thus, in the

case of HC2, the cell number increased steeply after medium change on

day 8. With HC3, two medium changes were effected viz. on day 4 and

day 8 and it can be seen that a log growth phase occurs after each medium

change. The results also illustrate the fact that the cell numbers at

day 15 with medium changes are appreciably larger than duplicate flasks

having no medium change.

Protein content - The change in total protein content roughly parallels

the change in cell numbers. The first few post-subculture days (up to

2 with HC2, and up to 4 with HC3) show a log growth phase followed by the

plateau phase. Changes of medium increase the total protein content as

illustrated in both cases. Again, similar to cell numbers, the total

protein after day 15 with medium changes is appreciably greater than the

duplicate flasks having no medium change.
3

Incorporation of H -methyl thymidine - Incorporation of tritiated

thymidine into the DNA of HC2 cell line showed a rapid logarithmic phase

of incorporation up to 2-3 days followed by a plateau phase. On day 8,

medium was decanted and cells washed thoroughly to remove extra-cellular

isotope. One set of flasks was then reinoculated with medium containing

tritiated thymidine (arrow (a), Figure 2.2(a)); while a replicate set of

flasks was reinoculated with medium containing no added radioactive

compound (arrow (b); Figure 2.2(a)).



18.

The flasks containing fresh isotope again showed a resurgence of

log phase incorporation which paralleled the results of protein content

and cell numbers. The flasks containing no added isotope (arrow (b),

Fig.2.2(a)) showed a continued plateau phase, i,e. no additional in¬

corporation in level due to absence of the tritiated thymidine

precursor.

In similar experiments with HC3 cell line, medium was now changed

on day 4. In one set of flasks (arrow (a), Fig.2.2(b)), fresh medium

containing tritiated thymidine was introduced and again a rapid

logarithmic incorporation of label was observed (c.f. protein content

and cell numbers for this same cell line). A set of replicate flasks

when subjected to medium change, without addition of fresh tritiated

precursor thymidine (arrow (b), Fig. 2.2(b)) showed a continuation of

1*3 1the plateau phase, indicating no increased incorporation of |_ Hj into

cellular DNA, due to the absence of [^h] -methyl thymidine in the medium;

a second medium change at day 8 again without addition of tritiated

thymidine showed the same pattern as previously obtained, i.e. a

continued plateau phase.

2.3 PRESERVATION OF SKIN FIBROBLASTS IN A FROZEN STATE.

2.3.1 Materials and Methods

Borosilicate glass type ampoules (5 ml capacity) were plugged with

non-absorbent cotton wool and covered with aluminium foil. They were

autoclaved at 15 Ib/sq.in. for 20 minutes at 121 . Dimethyl sulphoxide

was filtered in small aliquots (10 ml) and kept at 4° until required.

Cells were cultured as described above. Medium was changed at

least twice weekly. Cells were allowed to reach confluency (about

10 days) and were harvested when in the log phase of growth, i.e. the

medium being changed at least 24 hrs. previously. The harvesting

procedure was slightly different to the one previously described.

Medium was decanted using a Pasteur pipette and the cell washed twrce

with sterile Earle's balanced salt solution. About 2 ml of freshly
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prepared sterile 0.57. (w/v) trypsin was layered over the cells and

flasks incubated at room temperature for exactly one minute. The

trypsin solution was then decanted and flask incubated at 37° for 10

minutes. The disaggregation of the cells could be observed under the

microscope. The cells were collected in 2 ml of fresh serai medium,

preferably warmed to 37°. All homogenous suspensions so made were

pooled and portions taken for viability test and cell counts. Aliquots

of all suspension (containing between 3-5 x 10^ cells) were distributed

into ampoules. DMSO was added to each ampoule to a final concentration

of 57. (7/v).

The filled ampoules were then sealed under a bunsen flame, taking

care not to expose the lower part of the ampoule containing the cell

suspension to direct heat from the flame. The sealed ampoules were

then immersed in universal containers of sterile water to check any

leakage after sealing (air bubbles would appear with any leak). The

ampoules were left at 4° for about 20 minutes and then transferred to

solid CO2 and stored overnight at -20°. This procedure allowed freezing
to proceed at a regular rate of approximately 1° per min. The following

day the ampoules with the frozen cells were transferred to liquid nitrogen

containers. When cells were required for use, ampoules were quickly

thawed in a 37° water bath, excess water wiped with sterile cotton wool.

The neck of the ampoule was carefully serrated with a sterile file

previously immersed in ethanol. The contents were mixed and transferred

to appropriate flask or bottle containing the medium. All subsequent

procedures of subculture and medium changes were similar to those already

described.

2.3.2 Results

Total cell counts were made on a Coulter counter Model A - at least

5 counts were made and an average value calculated on abnormal cell line
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HC3 -

Bottle C - 396,080/ml

Bottle D - 522,080/ml

Bottle E = 1,187,040/ml

The channelyser M1000 was used to calculate the accumulated amounts in

each channel and derive the distribution curves of particle sizes in a

simple population.

Fig.2.3(a)-(c) show these curves for the three bottles of cells.

Bottles D and E show that the majority of the cells have an average

size number of 30. Bottle C, however, shows two 'populations' of

particle sizes at an average size number of 20 and 40.

2.4 LIGHT MICROSCOPIC EXAMINATION OF CULTURED SKIN FIBROBLASTS FROM

NORMAL AND HOMOCYSTINURIC INDIVIDUALS

2.4.1 Materials and Method

Borosilicate glass tubes (10 x 2 cm) were used for all cultures.

The lower part of the tube was overlaid with a coverslip on which the

cells adhered. The culture method was essentially as described above.

The cell concentration used in each tube containing about 2 ml medium
4 2

was 3.5 x 10 /cm . Medium was changed at appropriate stages. Cell

growth was observed under microscope.

Staining of cells. On appropriate days, the medium of each tube was

decanted and the coverslip carefully removed and immersed in a container

of Earle's balanced salt solution. The salt solution was changed twice

to ensure that the coverslip was cleaned. It was then immersed care¬

fully in a container of 1.57. (w/v) freshly prepared glutaraldehyde for

15-20 min. The coverslip was then removed, dried and afterwards

immersed again in 707. methanol to remove any yellow colouration. After

rinsing in distilled water, the coverslip was transferred to Giemsa's

staining solution (1:49 dilution in water) for 15-20 minutes and again

washed with water until a pinkish colour developed. After two changes

in acetone (1 min intervals) it was washed in acetone-xylene (1:1)
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mixture and mounted on a microscope slide using DPX mountant.

2.4.2 Results

The Giemsa's stained cells are illustrated in Plates

2.4.2(a) and (b) and are typical of normal and mutant cell lines.

Plate 2.4.2(a) shows the skin fibroblasts as elongated

mononucleated cells arranged in an orderly fashion.

Plate 2.4.2(b) shows the cell in a higher magnification;

the nucleus shows presence of nucleoli.

2.5 DISCUSSION

The results obtained in these sections give some indication

of the necessity to observe strict precautionary measures when

utilising skin fibroblasts for biochemical studies. Unlike

bacterial growth whose main regulatory factor is the avail¬

ability of nutrients, fibroblast culture seems to be affected

not only by the nutrients but also by other growth factors.

The first experiment shows that an optimum density of inoculum

is necessary to attain confluency. A low cell number does

not yield good growth despite the fact that optimum nutrients

may be present.

The second experiment supplemented the results of the first

that medium changes increased the growth yield. However, even

after several medium changes, a plateau phase is reached which

resembles the state when no medium change is made. This

plateau phase may represent a balance between the lost cells

and the replenished cells. It could also represent the cells

in a 'quiescent' state i.e. proliferation has ceased. It

has been reported that medium of such 'quiescent' cultures is

able to initiate and propagate cell growth particularly from

sparse cultures [92 J , such medium is obviously rich in not
only the basic requirements but also in the products that stim¬

ulate and protect the cell growth.
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The experiments also show that increasing the inoculum size

beyond the optimum does not appreciably increase the yield. A confluent

cell layer shows similar results. The reason for this may be due to

depletion of the materials from the culture medium. In the case of

the plateau and decline phase, the cause may be unavailability of this

medium's nutrients and factors even though the medium is constantly

changed. The reason may be two-fold. Firstly, as Stoker found in his

investigation ^82 J each cell is surrounded by a stationary layer of
fluid across which steep gradients in nutrient concentration become

established. This fluid layer is relatively dilute compared to the

bulk culture medium. The stationary layer has been termed 'boundary'

layer. The denser the cell layer the more pronounced is the boundary

layer and subsequently cell proliferation is less.

The other explanation assumes that at confluency and post confluency

the cells attain a multi-layer structure. The bottom layer has plastic

beneath and cells on top; the middle layer(s) have cells above and below;

and the top layer has cells beneath but culture medium above. The

underlying layers are therefore less favoured with the culture nutrient

factors and coupled with unavailability of other growth factors, these

layers cannot proliferate and eventually die. Thus, as has been seen,

a confluent cell culture cannot be left and maintained for long periods

without eventual cell loss. It becomes necessary to subculture, harvest

or store cells.

f 3 *]
Incorporation of HJ-methyl thymidine increased with medium change

containing the labelled compound. However, the total label remained

fairly constant when medium was changed with one containing no tritiated

thymidine. Thus despite cell proliferation, the incorporated thymidine

was retained within the cells with increased cell generation. Assuming

that the tritiated thymidine was incorporated in the DNA molecule, the

results indicate that the DNA of these cell lines are stable.
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The cell morphology resembles cell growth in that it is dependent

on various growth factors. The culture medium, the serum and the pH

have an effect on the cell morphology (e.g. rounded and larger cells

are obtained at alkaline pH ^92^J ). The cell morphology is also variable

with culture duration thus, a confluent cell layer shows more uniform

elongated fibroblasts arranged in arrays than a one-day sparse culture,

showing irregular arrangement and larger sized cells.

It is known that cell growth is limited by passage numbers and this

necessitates preservation of cells. The volume of cells frozen and the

type of preservation are important. A slow rate of cooling and the use

of a cryopreservative was necessary. For the skin fibroblasts used in

the present studies a l°/min. rate of cooling and a 57. (v-/v) concentration

of dimethylsulphoxide gave optimum levels of cell survival. The DMSO

aids in prevention of intracellular freezing, which is detrimental to

the cell. It was also important to thaw the frozen cell rapidly to

prevent the cells being in a highly osmotic environment. During cell

counting it was possible to find the. mean size of the cell population.

A fibroblast culture should at all times give the same average size for

each population harvested. Control checks were maintained on cell lin,2s

to ensure no contamination arose and also detected any changes in particle

size within the cell cultures. This can be illustrated by the example

quoted for cell line HC3. Bottle C showed a mixture of two populations

because of the two mean sizes obtained. It was eventually found that

the flasks contained a Candida species. It should be important to ensure

that cells to be preserved are as contaminant-free as possible and it

would be more reliable to check the growth in an antibiotic-free culture

medium. It may possibly be more advantageous to cryopreserve such cells

in antibiotic-free culture medium as well.
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ASSAY OF CYSTATHIONINE SYNTHASE ACTIVITY IN HUMAN" SKIN FIBROBLASTS

Introduction

Homocystinuria, an inherited disorder of methionine metabolism,

[52]was discovered independently in 1962 by workers in Ireland

and in the United States [»]• The patients had high plasma
homocystine and methionine as well as a high urinary output of

homocystine. Mudd at al postulated that cystathionine synthase,

and enzyme of the transulphuration pathway, could be the cause of

the aberration. Selim and Greenberg ^84 j introduced a method of
assay for the rat liver enzyme by measuring the decrease in total

serine concentration after its conversion to keto acids. This

method was, however, criticised as being inaccurate H- Mudd
et al (1965) devised a sensitive radio-isQjtoplc technique for the;

assay of cystathionine synthase of liver and brain extracts. They

claimed the method was simple'and easy to perform and because of the

non-interference by side reactions it could also be used with crude

extracts. Uhlendorf and Mudd (L968 ) subsequently showed that the

assay was equally effective on cultured skin fibroblasts [21]- Other
methods for the assay of cystathionine synthase activity were also

described, e.g. ion-exchange chromatography J49 J and a coupled
enzyme assay |f>8 „ The method of Ghull _et al was also used by
Goldstein when he reported easily measured activities of phyto-

haemagglutin induced (PHA) lymphocytes from normal subjects while low

or no activity was obtained from PHA-induced lymphocytes of homo-

cystinuric patients. The method of assay was slightly modified, thin,

layer chromatography was incorporated into the assay to quantitate

product levels 5 5J . Seashore afc al when studying pyridoxine
responsive homocystinuria used two methods, that of Mudd 5 J and
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that involving amino acid analysis followed by treatment on PA

resin £ 73J . The amino acid analysis method was also used by
Fleisher et al_ when reporting the feasibility of the assay in skin

tissue culture to detect heterozygotes £ • C>ne group £ 59J also
reported a method not involving use of radioactive material. Their

method was based on the formation of cysteine which could be measured

spectrophotometrically. The assay was claimed to be sensitive,

short and reliable though it was performed only on liver extracts

of normal individuals. Most research carried out so far in this

particular field has made use of either the method of Mudd or the

amino acid autoanalysis technique. There have been modifications to

each assay, depending on the actual conditions. Mudd used a' sub-

saturating level of serine and noted that homocysteine was essential

though an increased concentration did not increase the rate. Paper

chromatography has been used to identify the product and in some cases

to quantitate. The activity has been reported to be optimum towards

a pH of 8.3, to exhibit increasing linearity over 135 minutes and to be

proportional to the enzyme concentration. The assay mixture has

almost always included use of ethylene diamine-tetra acetic acid (EDTA),

pyridoxal-L-phosphate and carrier-^-cystathionine. Sonication of cell

extract is the more common method of disrupting cells but in some cases

cell lysis by freezing and thawing has been preferred.

3.1 Materials and Method

3.1.1 Chemicals - L-O-^C) serine (specific activity, 56 mCi/mmol) was

purchased from the Radiochemical Centre, Amersham, Bucks. U.K. L-

cystathionine and L-serine were obtained from Koch-Light Laboratories

Ltd., Colnbrook, Bucks., U.K; Dowex-50 (x8; 200-400 mesh, H+ form)
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ion-exchange resin, DL-homocysteine thiolactone hydrochloride and

pyrldoxal 5'phosphate were supplied by Sigma (London) Chemical Co.

Ltd., Kingston, Surrey, U.K. HI other chemicals were of Analar

grade.

3.1.2 Preparation of L— 13—"^"^"cZl serine. The labelled serine (specific

activity 56 mCi/mmol) was obtained in a sealed ampoule. Distilled

water (5*0 ml) was added and the tube whirly-mixed for about 15

seconds. Using a Pasteur pipette, the contents were mixed by upward!

and downward suction and transferred to a clean test tube. A

further 5 ml of water was added to the ampoule and the procedure

repeated. The freeze-dried sample was thus reconstituted into 10 ml

of water. L-serine (10.5 mg) was added to the solution, which was

then stored at -20° until required. The concentration of the recon-

necessary precautions were observed during isotope preparation and

subsequent manipulations. These are outlined in section 7«

3.1.3 Preparation of L-homocysteine solution. _L-homocysteine thiolactone

(15.4 mg) was dissolved in 0.4 ml of 1 M K0H at room temperature.

After one minute the pH was adjusted to 8.3 by addition of 0.6 ml of a

solution containing equal volumes of 0.66 M-Tris-HCl (pH 8.3) ancj 0.88 M
HC1 followed by 1 ml of 0.3 M Tris-HCl (pH 8.3). The =
solution was always prepared immediately before use.

3.1.4 Preparation of cell extract. Normal and abnormal skin fibroblasts

were grown in Waymouth's medium as described in Sections 2 and J.

Medium was changed every five days and every 24 hours before harvest¬

ing for enzyme assay. In the latter case, the fresh medium change

ensures that cells achieve the logarithmic phase of growth. The

cell layer was washed at least twice with Earle's Ca++-Mg++ free

balanced salt solution before removal, employing a rubber policeman.

Cells were washed into 2-3 ml of ice-cold 30 mM Tris-HCl buffer (pH 8.3)

stituted sample was now solution. The
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and then sonicated for 90 seconds using 3 x 30 second hursts on a

Kerry ultrasonicator, keeping the mixture on ice at all times. An

alternative method was also used which resulted in omission of cell

scraping. Cells were washed, as before, and overlaid with freshly

prepared 0.5% (w/v) trypsin solution for one minute. The trypsin

was completely decanted and the culture bottle incubated at 37° for

10 minutes. Cells were then washed into 30 mM Tris-HCl buffer (pH 8.3)

at least three times and the final pellet was taken into 2-3 ml of

the buffer and sonicated as above.

3.1.5 Estimation of protein content. The method was essentially that of

Lowry _et al as outlined in Section 7 £^7 1 . A 50 jj-1 aliquot of the;
extract (of relevant dilution) was used. Appropriate volume con¬

taining 0.2-0.6 mg of protein was used routinely in the enzyme assay.

3.1.6 Activation of Dowex-50 (x8; 200-400 mesh; H* form) resin - The resin

was first treated with 500 ml of 2M NaOH with constant mixing.

Process was repeated with another 500 ml portion of 2M NaOH. Resin

was then washed with distilled water until pH of eluant was 7.0 or

that of the distilled water. One litre of 2M HC1 was then passed

through the resin with constant mixing and process was repeated with

a further litre of 2M HC1. The resin was again washed with distilled

water until pH of the eluant was that of the water. The resin was

then in an activated form and was kept in distilled water until

required.

3.1.7 Assay of cystathionine synthase activity. The method used was

essentially that of Mudd _et al ^ 5 J. Cystathionine synthase
catalyzes the following reaction:-

_L-serine + L-homocysteine —^ L-cystathionine.

The assay involves conversion of lr- §-14c] serine to _L cysta¬
thionine, which is subsequently separated by chromatography on



Dowex-50. The assay mixture (irr.^unoles) consisted of Tris-HCl
buffer (pH 8.3), 60; EDTA, 1; pyxi.doxal-L-phosphate, 0.015; by

cystathionine, 0.07; L-homocysteine, 5; [3-14o] serine, 1
(containing 0.7-0.9 x 10^ c.p.m.) contained in a volume of 0.4 ml.

The reaction was started by allowing the mixture to reach 37° before

addition of cell extract (usually between 0.2-0.4 ml). Incubation

was allowed to proceed at 37° for 120 minutes. The reaction was

terminated by addition of 50% (w/v) trichloroacetic acid (0.2 ml)

and all tubes kept at 4° overnight. Precipitated protein was

subsequently removed by centrifugation at 2000 g for 10 minutes.

The supernatant was used for ion-exchange chromatography.

3.1.8 Separation of radioactive product (cystathionine) by ion-exchange

chromatography. Columns of activated Dowex-50 (x8; H form;

200-400 mesh) were set up (0.9 x 3 cm). Using a Pasteur pipette,

the supernatant obtained after centrifugation of the end reaction

mixture was transferred on to the resin.bed. The microtube was

carefully rinsed with distilled water which was also transferred to

the column. The columns were washed with 18 ml of water9and serine,

which was eluted with 35»5 ml of 0.4 M HC1, was discarded. The

columns were then washed with a further 12 ml of water and the

cystathionine eluted with 8 ml of 2M NH^OH. Samples (1 ml) of
eluate were taken for estimation of "^C level. A control assay was

run alongside each test and assays were always performed in duplicate

3.1.9 Assay of radioactivity. Radioactivity was measured in an

Intertechnique Liquid scintillation spectrometer. Samples (l ml)

were added to 10 ml of scintillation liquid which was prepared by

dissolving 5 g of 2,5 diphenyloxazole and 0.5 g of 1,4, bis (2,5 di¬

phenyloxazole) benzene in 1.5 litres of toluene-triton X-100 (2:1 v/v
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All samples were counted at an efficiency of 67-76% as mentioned

in Section 7«

3.1.10 Units of enzyme activity. One unit of cystathionine synthase

activity was defined as the amount of enzyme that catalysed the

formation of one nanomole of cystathionine per 120 minutes at 37°•

3.1.11 Calculation of enzyme activity. The chemical reaction of the

above method of assay is:

L-homocysteine + _L-serine —^ ^-cystathionine.

The principle of isotope dilution was used to determine the enzyme

activity.

If the concentration of labelled substrate is S^,

its specific activity X0,

and after a chemical reaction, the product foamed Pcj

with an amount of label incorporated being CQ,

then,

C = P * X (1)
0 o o

Similarly,

if concentration of mixture of labelled and unlabelled substrate

is denoted by (Sq + S),
the specific activity X ,

s

the product formed after reaction P' ,

with label incorporated being C ,
s

then,

C = P • X (2)s s s v '

According to the isotope dilution principle,

X = X • So (3)
s ° S + S

o

By substituting equation (3) into (2),
S
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which can he rearranged, into
S + S

Es = °s *
(5)

that is,

concentration
of

product found
at completion ~ at end of
of reaction reaction

amount of

isotope
incorporated

In the above experiment,

concentration of mixture
of labelled and unlabelled
substrates

specific activity concentration
of X of

labelled substrate labelled substrate

= 0.0082 ywtmole,

S;q + S = 1 + 0.0082 ^imole,
Xq = 0.5 ^iCi/0.0082 /Amole
Cg = radioactivity found in the eluate after

ion-exchange chromatography.

The concentration of Product formed at end of reaction is therefore

given by
1.0082

C x 0.5 ~ 0.0082x 0.5
0.0082

that is,

G x
s

1.0082

0.5 ^*-Ci
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3.2 RESULTS AND DISCUSSION

3.2.1 Quantitation of product by ion-exchange chromatography

The method of assay followed was that of Mudd _et al. £ 5 J
Aliquots (1 ml) of column eluate were taken and added to scin¬

tillation fluid for radioactive counting. The counts obtained

were then utilised (after correction) in the calculation of

enzyme activity. The results shown in Table 3.2.1 illustrate

the cystathionine synthase activity obtained from control subjects

and homocystinuric patients as determined by the above method.

TABLE 3.2.1: The activity of cystathionine-^-synthase in
controls and homocystinuric patients determined by ion-exchange

chromatography.

Subj ects Enzyme activity

SN3 52

SN4 44

SN18 40

L.B.(HCl) 9

K.H. (HC2) 11

The method of assay is described in Section 3.1. In the above

method, 0.5 >*Ci L 3_^C*| serine was employed.
Enzyme activity is expressed in units/mg protein.

The level of C-serine employed was seen to have an effect on the

calculation of the enzyme activity and it was inferred that an

increased specific activity of the radioisotope used would increase

the sensitivity of the assay. However, when attempts were made

to sensitise the assay by increasing the levels of L- jV4c]
serine contained in the assay mixture, levels of
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enzyme activity obtained were found to be confusing. The cystathionine

synthase activity in abnormal cell lines, for example, was increased

approximately five-fold for doubling ^C-serine levels; while normal

activities did not exhibit the same degree of increased activity. This

suggested that the method of assay adopted at this increased level of
14

C-serine produced various artifactual results. The reasons for this

phenomenon were then investigated. The cause was found to be variations

in binding and elution of radioactive precursors and metabolites from

the Dowex-50 (H+) ion-exchange column. More important was the variation

in 'blank' or 'control' values which should have been identical for a

particular set of assays. In calculating the amount of cystathionine

produced by subtraction of 'test' minus 'control', erroneous results were

obtained due to the stated discrepancies. This phenomenon is

illustrated in the following section. 'Trouble shooting' experiments

were initiated to investigate the errors encountered by this method of

product identification. The parameters thought to be responsible were

(a) level of ^C-serine employed, (b) column dimensions and (c) elution

process.

3.2.2 Investigation of ion-exchange column properties.

The dimensions of the column and the volume of eluant were important

factors to consider. Under the present conditions of assay, it was
♦

assumed that with a (3 x 0.9 cm) column, a 35.5 ml acid wash would elute

most serine from the column. This assumption was tested in the

following way. Initially two columns were prepared, one of dimensions

(3 x 0.9 cm) and the other (6 x 0.9 cm). Columns were washed with

distilled water before use. A portion of the wash was retained for

radioactive counting since the Dowex resin is continually regenerated.

An aliquot (50 /*!) of labelled serine ( = 0.5 ^Ci) was carefully
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added to each column. The columns were then washed with 18 ml

of distilled water, collecting" the first 5 ml and- "the last 3 ml

portions for radioactive counting. Aliquots of 0.4 M HC1 (5 ml)

were then passed through the columns and collected for radioactive

counting. After addition of 60 ml of 0.4 M HG1 (necessary for

elution of serine), columns were treated with 8 mil of 3 M NH^OH,
collecting the whole eluate for radioactive counting. Aliquots

(l ml) were used in determination' of radioactivity. A count was

also made on 50 /aI of L— £j-14cJ serine sample. Table 3.2.2
illustrates the results obtained from such analysis. Figures

3.2.2 (a) and (b) represent the elution profiles of both columns.

The majority of the "^C-serine is removed by the 35 mil acid wash

in the 3 cm column and by 45 ml wash in the 6 cm column. However,

the percentage serine eluted in the 6 cm column exceeded that from
*

the 3 cm column by 4$ (Four per cent of 0.5 |*Oi (i.e. 44jOOO c.p.m.)
represents a large number of counts when calculating abnormally low

enzyme activities). In addition, both columns exhibited a residual

level of serine follo^wing the 60 ml wash but at that stage the 6 cm

14
column had removed a larger proportion of G-serine. Ammonium

hydroxide is then utilised to elute the "^4C-cystathionine produced

from the enzyme reaction. It is observed, however, that on

addition of 3M NH^OH to the 3 cm column containing only ^4C-serine,
a significant quantity of serine had been retained. Addition of

3H HH OH (8 ml) to the 6 cm column illustrated that virtually all

serine had been removed by the acid wash. These results indicate

that extreme care is needed in maintaining the standard conditions

of the assay method. However, despite attempts of optimizing the

conditions of assay, the difficulties encountered in obtaining

reproducible results could not be overcome. It was therefore

concluded' that a more efficient method of product identification

was required.



.TABLE 3.2.2.

Elution of ^C-Iabel from Dowex-50' (H+; 200-400 mesh) ion-exchange column.

(3 x 0.9 era) column 6 x 0.9 cm) column

50 jil of labelled serine
gave a count of
648,286 c.p.m.

c.p.m. applied on each
column 648,286 648,286

"Blank" value of column,
i.e. before addition of
labelled serine
(c.p.m./5ml)

First 5 ml HpO wash
after addition of
labelled serine
(c.p.m./5 ml)

Last 3 ml HpO wash
after addition of
labelled serine
(c.p.m./3 ml)

First 5 ml wash with
0.4 M HC1 (c.p.m./5ml)

Total radioactivity eluted
by 60 ml acid wash
(c.p.m.) 569,865 (87 . 558) 595,075 (91.8$)

Radioactivity eluted
by 3M NHhOH (8ml) wash
(c.pTm.) 3,504 (0.5458) 512 (0.08*)

50

39,800

505

560

95

32,855

800

900



Figure 3,2,2 (a) Distribution of ^C-label on acid eluate of

ion-exchange columns

Volume of elution fluid (ml)
Elution was carried out as described in 'Materials and Methods'.

represents the distribution curve of the "^C-label in eluate obtained
from the (3x0.9 cm) column;

irepresents the distribution curve of the -^C-label in eluate obtained
from the (6x0.9 cm) column.



Figure3,2.2(b)Distributionof^C-LabelonIon-exchangeColumnEluate,
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3.3 IDENTIFICATION MP QUANTITATION" OF PRODUCT (^C-CYSTATHIONINE)
BY THIN1 LAYER CHROMATOGRAPHY

3.3.1 MATERIALS AND METHODS

3.3.-1.1 Preparation of thirr layer chromatography plates. A 25$ w/v solution*1

of Sigma microgranular cellulose Type A in water was prepared,

taking precautions that a homogenous mixture was obtained. The

mixture was spread over glass thin layer plates ( 20 x 20 cm),

previously cleaned with alcohol, to a uniform thickness of 0.25 mm.

Plates were allowed to stand and dry at room temperature.

3.-3.1.2J Lyoprhilization: of eluateg following ion-exchange chromatography

of incu'aate. The method of ion-exchange chromatography of the

incubate has been described above (3.2.1). Aliquots (5 ml) of

column eluate were placed in a glass container, the top* being

covered with a double layer of alcan foil, possessing small holes

pierced5 in each layer at alternate positions. The sample warn

lyophilized! at -40° overnight in an Edwards^ High Vacuum Freeze-dryer.

The double layer of alcan foil prevented any dried material escaping

from the vial during the lyophilization process. On completion

of lyophilization, the top layer of alcan foil was discarded while

the bottom layer, usually containing some sample particles, was

carefully cut and placed into the vial containing the bulk of the

lyophilxzed sample. Appropriate amounts of distilled water

(100-500 yUl ) were added and contents dissolved by careful mixing

and shaking. Aliquots (50-100 ^^l) of the reconstituted sample were

taken for determination of radioactivity. The percentage recovery

after such lyophilization process would thus be calculated.

3.-3.1.3 Thin layer chromatography of reconstituted lyophilized sample.

Aliquots (containing approximately 1-5 x 10"^ c.p.m.) were applied

to the origin': of a TLC plate. The sample spots were superimposed

with 10 J* of standard non-radioactive cystathionine (l mg/ml) and

10/aI of standard non-radioactive serine (l mg/ml). Ghromatograms
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were run with or without application of 30% (w/v) to the

origin. The plates were developed in iso-propanol r formic acids

water (70sl0:*20, by volume) for approximately 3 hours, dried and

sprayed with 0.5% (w/v) ninhydrin in n-butanoT. The colour was

developed by drying plates at 100° for 10 min and allowing to cooll

at room temperature for about 2 hours. The amino acids were

observed as light purple spots.

3.3.1.4 Estimation of product formation? following thin layer chromatography.

The TLC plate was divided into 1 cm horizontal lanes. The

corresponding lanes for cystathionine, cystathionine sulphoxide,

and serine were noted. Each lane was carefully scraped into

separate vials containing scintillation liquid which had been

previously corrected for background counts. The contents were

mixed thoroughly and allowed to stand for at least 30 min at 4°
before counting. Histograms were constructed and counts due to

total cystathionine (either as cystathionine sulphoxide or as

cystathionine + cystathionine sulphoxide) determined. Appropriate

corrections due to the lyophilfzation procedure were taken into

account.

3.3.2 RESULTS AND DISCUSSION

3.3.2.1 Recovery after lyophilization process. The percentage recovery

after each lyophilization process was found to vary.between 76-87%.

3.3.2.2 Thin layer chromatographic separation of serine, cystathionine, and

cystathionine sulphoxide. The clear separation of serine and

cystathionine is well illustrated in Plate 3.3.2.2. It is observed],

however, that problems could arise in product identification of

cystathionine. When L_cystathionine is chromatographed, trace

amounts, of cystathionine sulphoxide are produced; this is evident

in lanes 1 and 5« If> however, the L^-cystathionine spot is

overlaid with 30% (w/v) as oxidant, all the cystathionine

is converted to cystathionine silphoxide. Thus in identifying



PLATE 3.3.2.2 - SEPARATION OF SERINE. CYSTATHIONINE, CYSTATHIONINE

SULPHOXIDE BY THIN LAYER CHROMATOGRAPHY

Methods were as described in 'Materials and Methods'.

Size of plate was 20 x 20 cm; time of run 3 hours.

Cystathionine was converted to its sulphoxide by

treatment with 30% (v/v) H^O^.

Lane 1 - Standard cystathionine run shows a main spot of Rf

value = 0.20 and a faint spot of Rf value = 0.08.

Lane 2 - Standard serine run shows the spot of Rf value = 0.49.

Lane 3 - Mixture of standard serine and cystathionine treated

with 30% (v/v) H^O^ prior to run. Serine spot had
an Rf of 0.49 and the cystathionine sulphoxide,

Rf = 0.08.

Lane 4 - Standard cystathionine converted to its sulphoxide

by treatment with ^2^2 s'lowe(* a sPot °f Rf = 0.08.

Lane 5 - Mixture of standard serine and cystathionine shows three

peaks of respective Rf values 0.49 (serine), 0.20

(cystathionine), 0.08 (cystathionine sulphoxide).
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cystathionine "by TLC, if no is applied at the origin,

allowances have to "be made for cystathionine sulphoxide. This,

however, can he overcome by overlaying the origin with and

converting cystathionine to cystathionine sulphoxide before

commencing the chromatographic separation.

3o3.2.3 Product (L^-^C-cystathionine) identification safter TLC..

Thin layer chromatography was performed on incubates of 'test'

and 'control' samples. The c.p.m. per cm lane of each TLC plate

was determined and histograms constructed to show the radioactive

distribution! after the run. This is illustrated in Figures 3.3.2.3

(a) and (c). Figure 3.3.2.3. (a) gives the radioactive profile

of abnormal cell line (HC2). The solvent front was 16 cm and two

main peaks were observed. Peak A had an Rf value of 0.47j

corresponding to the Rf value of standard serine (Rf.= 0.49).

Peak B had an Rf value of 0.25 corresponding to that of standard

cystathionine (Rf.= 0.20). These peaks were more clearly seen

when correction was made for the radioactive distribution due to

'control' sample (dotted line; Figure 3.3.2.3. (a)). The radio¬

active distribution of cell line (HC3) is shown in Figure 3.3.2.3.(c).

After correction, three main peaks could be observed. The solvent

front was 18 cm. Peak A bad an Rf value of 0.46 corresponding to

standard serine (Rf.=0.49); peak B had an Rf value of 0.22,

corresponding to standard cystathionine (Rf.=0.20); and peak C

had an Rf value of 0.09, corresponding to standard cystathionine

sulphoxide (Rf.=0.08). It was evident from these results that (a)

radioactive cystathionine was clearly separated from the radio¬

active serine and (b) a longer run increases the resolution between

the cystathionine and cystathionine sulphoxide. It was therefore

necessary to include the c,p0m. due to cystathionine sulphoxide

during calculation of enzyme activity. The Rf values of the

standard samples and test samples are compared in Table 3.3.2.3.



Figure 3.3.2.3(a)

RADIOACTIVE PROFILE OF ABNORMAL CELL LINE (HC2) AFTER

THIN LAYER CHROMATOGRAPHY OF ION-EXCHANGE COLUMN

ELUATE.

(Dotted lines represent the control values).
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Table 3.3.2.3

Rf values of serine, cystathionine and cystathionine sulphoxide

of standard and, test samples*

Standard Radioactive

Samples Samples

Cystathionine sulphoxide (Rf) 0.08 0. 09

Cystathionine (Rf) 0.20 0.25, 0.22

Serine (Rf) 0. 49 0. 47, 0.46

3.3.2.4 Calculation of enzyme activity after thin layer chromatography

of column eluates. Histograms:- were constructed on all 'test'

samples before and after correction for a 'control' value. The

total c.p.m. under the peak area of cystathionine (including the

sulphoxide) were determined and used for calculating the enzyme

activity as illustrated in the following casesi-

Abnormal cell line (HC2)

Total c.p.m* under peak area = 244

Total c.p.m. obtained on plate after chromatography = 3470

Volume of column eluate used for TLC = 5 nil (= 12935 c.p.m.)

Total \olume of column eluate = 8 ml

Total protein content used per test = 0.2 mg

Specific activity of L- 3-^C serine used per test =

£
1.1 x 10 c.p.m./l.008

Ehzyme specific activity was then calculated as:

244
x 12235 x r i-M x lof _

3470) 5 1.1x10 0.2 protein.

Similarly, enzyme specific activity of abnormal cell line HC3
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from- histogram was calculated to be 8.4 units/mg protein. The

aliquot of the above samples- was alsa chromatograpfted after

treatment with 30fo (w/v.) ^2®2' aS Prev^ously described. Thep
total c.p.m. under the cystathionine sulphoxid'e peak was- deter-

mined and enzyme activity calculated as above.

Thus for cell line HCZ,

total c.p^m^ under cystathionine sulphoxide peak = 57*

total c.p.m. obtained on plate after chromatography = 893.

volume of column eluate? used- for TEC — 4 ml (= 10220 c.p.m.)

total volume of column eluate-- == 8 ml.

Protein content and specific activity of "^C-serine were same as;

above. The enzyme specific; activity was given by

5T7 10220' 8 1.008 x TO3'
x x — x

853 4 l'.lxlO x 0.2

= 6..0 units/mg protein.

Consequently, the enzyme specific activity of cell line HC3 after

peroxide treatment was found to be 7*2- units/mg protein.

If the enzyme activity was Calculated1 on the column eluate, the;

c.p.m. assumed to be contributed by the eluted cystathionine

would be (2555-IO25) i.e. 1530 for 1 ml of eluate of cell line HC2.

The calculated enzyme activity would then be 73 units/mg protein.

Similarly, the calculated enzyme activity oxn eluate of cell line

HC3 would be 68 units/mg protein. These high results are due to

the wrong assumption that the column eluate contained mainly radio¬

active cystathionine formed.The thin layer chromatography on these

eluates showed that cystathionine formed was eluted with variable

amounts of radioactive serine and other possible metabolites. The

results are summarised in Table 3.3.2.4*
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TABLE 3.3.2.4

Cystathionine synthase activities before and after thin layer

Chromatography. >

Subj ects Specific activity (units/mg protein)
(-) TLC

separation
(+) TLC

separation
(-) H2O2 (+) H2O2

Patient K.H.
(HC2) 73 6.7 6.0

Patient P.K.
(HC3) 68 8.4 7.7

Control

(SN18) 97 20.1 19.6

Method of assay was as described in text. The concentration of homocysteine

used in the assay is 16 mM.

From these results, it can be seen that thin layer chromatography enables

good separation of cystathionine from serine and other substances and

therefore provides a more accurate way of estimating the enzyme activity.

Treatment with peroxide also helps in increasing the separation between

the serine and cystathionine. The main drawbacks of this extra step

in the method of assay would, however, be in the time consumed in the

process and in the amount of reagents required, particularly of the

scintillant. Also, to enable efficient distribution of radioactivity over

the 20 cm plate, at least 100 ^u.1 of reconstituted lyophilized sample had to

be used. This had the disadvantage of resulting in poor resolution in some

cases and would thus make the estimation of c.p.m. due to cystathionine

difficult. In some instances, a second run of 3 hours was performed on

the dried plate. This procedure decreased the 'trailing' but impaired

the resolution between the cystathionine and serine. To overcome these

difficulties the chromatographic separation was attempted on a microscale level.



3*4 microscale: thin layer chromatographic separation op cystathionine:

3.4.1 MATERIALS AND METHODS

A. 25% (w/v) solution, of microgranular cellulose Sigma Type A

was prepared and spread on microscope slides (7x2 cm) to a

thickness of 0.25 mm. The slides were allowed to stand and dry

at room temperature. Reconstituted: lycrphilised". samples" (2-10 /*l)
were applied as spots at the origin. Chromatograms were developed

in. 1 mX of isopropanol r formic acid water mixture (70:10:20)

hy volume) for 30 minutes. The amino acids were located "by 0.5%

(w/v) ninhydriir in n-butanol, as described- above.

3.4.2 RESULTS MP DISCUSSION!

3.4.2.1 Separation- of cystathionine, cystathionine sulphoxide and serine.

A. clear separation of these amino acids is obtained on the slides-

as illustrated in Plate 3.4.2.1 cystathionine appears as a mixture

of the oxidised and noir-oxidised forms as shown on slide 3. After

treatment with 30% (w/v) H^O^ before chromatography, the cysta¬
thionine appeared as the sulphoxide, exhibiting an improved

separation from the serine (slide 4).

3.4.2.2 Calculation: of enzyme activity after chromatography of column

eluate on a microscale. On completion of the chromatography as-

described above, the slide was- dried and divided into 0.5 cm lanes.

Each lane was scraped into 10 mX of scintillant and radioactivity

measured. The radioactive distribution was then deduced from the?

histogram as illustrated in Figure 3".2.4.2.2 which represents the

results obtained on chromatography of cell line HC2, the spot being

overlaid with Tko peaks were observed whose Rf values were

calculated. Peak A had a Rf value of 0.51 corresponding to standard

serine (0.56) and peak B had an Rf value of 0.1 g corresponding-to

standard" cystathionine sulphoxide (Rf 0.17). The total c.p.m.

(after corrections) due to cystathionine was deduced and used for



PLATE 3.4.2.1: SEPARATION OF SERINE, CYSTATHIONINE, AND

CYSTATHIONINE SULPHOXIDE AFTER THIN LAYER

CHROMATOGRAPHY ON A MICROSCALE.

Methods were as described in 'Materials and Methods'.

Size of slide (7.5 x 3 cm); time of run 30 minutes.

Cystathionine was converted to cystathionine sulphoxide

by treatment with 30% (v/v) ^20^.

Slide 1 - Shows the spot due to standard cystathionine,

Rf = 0.21.

Slide 2 - Shows the spot due to standard serine,

Rf = 0.56.

Slide 3 - Shows separation of the serine, cystathionine,

cystathionine sulphoxide of a mixture of

standard serine and cystathionine. 3 spots

are seen.

Slide 4 - Shows separation of serine and cystathionine

in its sulphoxide form after treatment of

the mixture with H^O^ prior to run.
Rf = 0.51 (serine) and 0.17 (cystathionine

sulphoxide).



Plate 3.4.2.1



FIGURE 3.2.4.2.2: RADIOACTIVE PROFILE OF ION-EXCHANGE COLUMN

ELUATE AFTER THIN LAYER CHROMATOGRAPHY ON

MICROSCALE.
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calculating the enzyme activity as follows^

total c.p^m. due to cystathionine sulphoxide = 22

total c.p.m. recovered after chromatography = 401

volume used for lyophilization = 4 ml (= 10220 c.p.m.)

total volume of column eluate = 81 ml

total protein content per test = 0.2 mg

Specific activity of serine used per test = 1.1 x lO^c.p.m./
1.008

The enzyme specific activity was then given "by

27 10220 8> 1.008 103 /
—- x x — x x = 6.2 units/mg protein,

401 4 l.lxlO6 0.2

which is similar to that obtained after thin layer chromatography

on glass plate. The microscale method enables a faster and mostt

economical way of estimating the enzyme activity. Another adV-

vantage of this method is that histograms may not be necessary.

The area of the cystathionine could be scraped into the scintillant

for determination! of total radioactivity. Also,, cystathionine

could be eluted off the cellulose into an appropriate solvent and

re-chromatographed to increase the purity of the product. Anofher

important fact noted in these results- is that a 0.5 cm scraping

shows a more accurate distribution1, of the radioactivity than a

1.0 cm scraping (compare Figures 3.4*2.2 (a) and (b)). The total

c.p.m. observed in 1 cm larre is a summation of the total c.p.m. of

twon adjacent 0.5 cm lanes. However, one of these two 0.5 cm lanes

may be relatively higher in radioactive counts than the other so

that the total sum equivalent to 1 cm conceals a possible peak

of radioactivity. Thus a 0.5 cm scraping of the glass plate

crhromatogranr would show a more accurate radioactivity profile of the

column eluate. However, such practice may not be economical but:

it can easily be performed on the microscale method.



SECTION FOUR
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DETERMINATION OF APPARENT K AND V VALUES OF CYSTATHIONINE-ft -
m max \_

SYNTHASE ON CRUDE EXTRACTS OF CULTURE SKIN FIBROBLASTS.

4.1 INTRODUCTION

When introducing the microassay of cystathionine-p-synthase on

liver and brain extracts, Mudd _et _al. (1965) noted that serine was at a

subsaturating level and that the homocysteine concentration did not alter

the enzymic rate |^5J. Kinetic studies have been performed on the
purified rat liver enzyme ^60,84,106^ and on purified human liver enzymej^6lj
with different values being obtained for K and V of the two enzymes.

m max

Different values were also found for the enzyme from skin fibroblasts

£ 63,109]. Using partially purified cell extracts, Kim and Rosenberg
(1974) found similar results but the values for K and V were not the

m max

same as those found by other workers £109] . The possibility that mutant

cells show different affinities for either substrate exists and in the

present section this possibility is investigated on three mutant cell

lines.

4.2 MATERIALS AND METHODS

4.2.1 Chemicals. L- [s14-c] serine (specific activity, 56 mCi/mmol) was

purchased from the Radiochemical Centre, Amersham, U.K; L-cystathionine,

L-homocysteine thiolactone, microgranular cellulose Type A were obtained

from Sigma Chemical Co. Ltd., St. Louis. Other chemicals were of Analar

grade.

4.2.2 Patients. Fibroblast cell lines were initiated from skin biopsies

obtained from normals and three homocystinuric patients. The patient

L.B (HC1) was of pyridoxine non-responsive type. Patient K.H (HC2) was

responsive to pyridoxine treatment. Case reports on these patients are

given in Section One.

4.2.3 Cultured cells. Cells were cultured and harvested as described in

previous sections. For reasons outlined later, cells were grown to

confluency for the same number of days with same number of medium changes
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obtained on extracts of cell without medium change was lower than that

of cell cultures which were subjected to medium changes. Experiments

have already been described in Section Two where cell number, DNA

content, and protein content have been shown to vary with days in

culture and with medium changes. Griffiths and Tudball (1976) have

also reported submaximal activities on cell extracts of normals,

homozygotes, and heterozygotes after 7 days in culture ^89^. The

time in culture has an appreciable effect on enzyme activities. It

was therefore necessary to standardise the volume of inoculum, the

days in culture, and the number of medium changes before harvesting

the cells for enzyme assays. It was equally important to allow cells

to reach the logarithmic growth phase prior to harvesting by medium

changing within the last 48 hours of subculture.

4.3.2 Effect of storage on enzyme activity. Enzyme assays were performed

on freshly prepared sonicated extracts and on thawed sonicators frozen

at -20° for 10 days. The assay procedure was as already described

except that in one case the quantity of homocysteine used per assay was

increased to 20jiA.moles.
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The results illustrate the fact that enzyme activity is reduced on

storage and that consequently assays should require fresh cell extracts

to obtain maximum standard activities. Also, unlike Mudd's observation,
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an increase in homocysteine concentration increased the enzyme

activity.

4.3.3 Effect of time of incubation on enzyme activity. Enzyme assays were

performed on cell line HC3 by incubating cell extracts with appropriate

reagents for 1, 15, 30, 45, 60 and 120 minutes respectively. A 33mM

concentration of homocysteine was used per test. Reaction was stopped

after the appropriate incubation time with 30Z (w/v) TCA and contents

chilled on ice. The remainder of the procedure was carried out as

previously described.

Figure 4.3.3. illustrates the time course curve obtained from the

results.
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The specific activity increases linearly up to an incubation period of

30 minutes, after which there was a zero-order type of reaction. In

the present study, the specific activity was measured after 2 hours of

incubation as is defined in the enzyme unit of activity (Section Three).

4.3.4 Effect of pH on enzyme activity. Cell extracts from mutant and normal

cell lines were incubated in different pH buffers. A stock buffer

solution (pH 9.1) was prepared containing 5mM EDTA, 0.075 mM PLP,

0.36 mM cystathionine and 0.3 M Tris. Aliquots (10 ml) of the stock

solution were taken and pH adjusted to 6.0, 7.0, 7.5, 7.8, 8.0, 8.3,

8.5, 8.8 and 9.1 respectively. The homocysteine solution was prepared
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fresh before use as follows. Tris-HCl buffer 0.66M (pH 9.1) was

prepared and an aliquot (2 ml) taken in a tube. The pH of the

remainder was adjusted to 8.8 and a further aliquot (2 ml) taken in a

separate tube. The process was repeated until 2 ml aliquots of 0.66M

Tris-HCl buffer were collected into 9 test tubes each with pH values

corresponding to that of 0.3M Tris HC1 as prepared above. Aliquots

(2 ml) of 0.88M HC1 were added to each tube. Homocysteine thiolactone

(7.2 mg) was weighed into 9 different tubes, 1M KOH solution (0.2 ml)

was added to each tube and reaction allowed for 1 minute at room

temperature. Aliquot of the 0.66M Tris-0.88M HC1 mixture (0.3 ml) was

then added to the respective homocysteine solution followed by 0.5 ml

of 0.3M Tris HC1 of respective pH value. Cells were cultured and

harvested as already described but suspended in Tris buffer pH 9.1

before sonication. Cell extracts were incubated in the appropriate

buffer solution containing the respective homocysteine solution and

other reagents of the assay. The pH of assay mixture was checked

before each reaction was started. A typical pH profile is illustrated

for the abnormal cell line HC2 in Figure 4.3.4.
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The optimum activity was found to be at pH 8.3. It is noted that

activity was still present at pH 6.0 and 9.1. This may indicate that

more than one ionic form of the enzyme was active. The active site(s)
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of the enzyme consist of ionic groups and substrate binding may

involve more than one ionic group. It would thus be more reliable

to assay the activity at various pH values and compare the and

slope of 1/S to determine the pK values which would indicate the type

of ionic groups involved. The pH has a stabilising effect on the

enzyme which therefore must be taken into account when studying effects

of pH on substrate binding. The decline of activity on either side of

the optimum pH may be the result of formation of an improper ionic form

of the enzyme and/or substrate. A preincubation of the enzyme

preparation at a lower and higher end of the optimum pH value may

indicate whether the pH had an effect on the ionizable groups of the

active site(s) or whether the pH caused irreversible enzyme inactivation.

Such preliminary experiments are necessary for enzyme characterisation.

There are other factors that ought to be considered when dealing with the

effects of pH on enzyme activity, e.g. temperature, ionic strength,

nature of buffer, presence of preservatives, contamination by metal ions,

concentration of substrates and co-factors, and enzyme concentration.

The type of result obtained in this section i.e. the pH optimum at one

substrate concentration may not be giving enough information concerning

the enzyme. An optimum pH of 8.3 does not necessarily mean that the

enzyme is stable at that pH value. A better picture would be obtained

if the pH values were compared against V , the slope 1/S, and Kqmax o app«

It would then be possible to tell which ionic form of "E" binds with S

and which ionic form of "E"g yields the products. The pK^ and pK^
values would give an indication of the amino acid residues that might be

involved. For the present work, however, all experiments were carried

out at pH 8.3.

4.3.5 Kinetic values of K and V of normal and abnormal cell lines.
m app. max app.

Cell lines were cultured and harvested as before and extracts

prepared in 30mH Tris HC1 buffer, pH 8.3. The assay mixture was as



FIGURES 4.3.5(a): LINEWEAVER-BURK PLOTS ON NORMAL AND MUTANT CELL LINES

(i) Normal cell line SN18,

calculated K 20.4 mM
m app. =

V 52.6 units/mg protein
max app.

(ii) Mutant cell line HC1

calculated K 105' mM
m app. =

V 20 units/mg protein
max app.

(iii) Mutant cell line HC2

calculated K 71.6 mM
m app. =

" V 38 units/mg protein
max app.

(iv) Mutant cell line HC3

calculated K 76.9 mM
m app. =

" V 40 units/mg protein
max app.

Methods are described in 'Materials and Methods'.

Closed symbols represent values obtained from experiments;

Open symbols represent "least square fi^"values of the experimental

results.



/g (Homocysteine)^

(i) NORMAL CELL LINE SN 18.



(ii) MUTANT CELL LINE HC1

(Homocysteine) mM-*

(iii) MUTANT CELL LINE HC2 V (Homocysteine)mM~^
o —



(Homocysteine) mM

(iv) MUTANT CELL LINE HC3



TABLE 435* K and V Values for normal and=£=■==—app> max app.

cystathionine-ft-synthase deficient cell lines.

Subjects Response to
pyridoxine

V K
max app. m

(units/mg protein) mM

Normals

Patient L.B. (HC1)

Patient K.H. (HC2)

Patient P.K. (HC3)

+

+

43-52

20

38

40

18-23

105

71.6

76.9

1 unit = Number of nmoles of cystathionine produced at 37° per 120 minutes.
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described except that varying amounts of homocysteine solution were

added to start the reaction. The concentrations of homocysteine used

were 0.0, 4.1, 8.2, 16.4, 24.6 and 32.8 mM. The remainder of the assay

method was as described in Section Three. From the histograms

obtained after TLC, the percentage of cystathionine and percentage of

serine isolated at different concentrations of substrate were compared

as illustrated in Table 4.3.5. It is noted that °L cystathionine

increases 6 -fold while % serine remains fairly constant indicating

that more cystathionine was formed with increasing substrate concen¬

tration. Lineweaver-Burk plots results obtained on normal cell lines

and abnormal cell lines HC1, HC2 and HC3 are illustrated in Figures

4.3.5(a) (i)-(iv). Range of results obtained for V and K
max app. m app.

are tabulated opposite (Table 4.3.5).

From these values it can be seen that (a) the normal cell line has a

lower ■ K than the mutant cell lines, (b) abnormal cell line HC1
m app.

has a higher K and lower V than the normal cell lines and
m app. max app.

the abnormal cell lines HC2 and HC3 and (c) that the abnormal cell

lines HC2 and HC3 have a higher K than the normal but their
m app.

V are nearly similar to that obtained on the normal cell lines,
max app.

It may be inferred that the mutant cell line HC1 has different enzymic

properties than the other two mutant cell lines. It is also interesting

to note that the patient L.B. (HC1) is pyridoxine non-responsive unlike

patient K.H. (HC2). These inferences are further discussed in Section

Six. The Michaelis Menten plots show another interesting feature as

illustrated in Figure 4.3.5(b). While a control curve would give the

usual hyperbolic shape, the abnormals tended to give a sigmoidal curve

due to decreased activities in the range of 0-8 mM homocysteine concen¬

tration. Several factors may be responsible for such a lag in the curve

and one explanation may be the inhibition caused by the presence of



TABLE 4.3.5

SPECIFIC ACTIVITY OF CYSTATHIONINE-g -SYNTHASE WITH INCREASING

HOMOCYSTEINE CONCENTRATIONS AFTER THIN LAYER CHROMATOGRAPHY

Concentration of

homocysteine
(mM) 4.1 00 • K> 16.4 24.6 32.8

Total c.p.m.
isolated after
TLC 3510 2034 3566 2399 2610

Total c.p.m.
contributed by
cystathionine
as measured from

histogram

65 45 376 277 342

Percentage of
total c.p.m. 1.9 2.2 10.5 11.6 13.1

Total c.p.m.
contributed by
serine as

measured from

histogram 1944 1467 2471 1528 1759

Percentage of
total c.p.m. 55 71 69 64 67

Ratio of

cystathionine/
serine 0.04 0.03 0.15 0.18 0.20

Specific activity
(units/mg protein) 1.6 1.7 9.0 9.5 11.2

Methods are described in 'Materials and Methods'. It can be seen that

with increase of homocysteine concentration percentage of cystathionine
formed increased 6-fold while percentage of serine remained fairly

constant. This is also reflected by the ratio of cystathionine/serine.



FIGURE 4.3.5 (b): MICHAELIS-MENTEN PLOT ON NORMAL AND

MUTANT CELL LINES.

Curve A represents the normal cell line; curve B represents the

mutant cell line HC1. It is noted that at low substrate con¬

centration (i.e. up to 8 mM) there is a lag in the latter curve

exhibiting a sigmoidal curve instead of the hyperbolic one.



FIGURES 4.3.5 (c) (i) and (ii):

POSSIBLE MECHANISMS OF COMPETITIVE INHIBITIONS DUE TO ABNORMAL

ACCUMULATION OF HOMOCYSTINE IN HOMOCYSTINURIC PATIENTS.

(i) Serine and homocysteine may have particular substrate

binding sites on the enzyme molecule; the homocystine

may bind to one site and thus prevent the condensation

reaction proceeding.

(ii) A second way that the disulphide could inhibit the

reaction is by binding at both sites. Alternatively,

two molecules of the disulphide could each bind to the

particular binding sites causing same inhibitory effect.

Figure

Figure

4.3.5(c)

4.3.5(c)

(i)

(ii)



FIGURE 4.3.5(c) (i)



FIGURE 4.3.5(c) (ii)
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abnormal metabolites, e.g. the disulphide homocystine or S-adenosyl

homocysteine. It would seem essential that amino acid profiles on

the cell lines be performed. This is detailed in Section Five. The

abnormal cell lines showed presence of the disulphide while no

homocystine peak was observed in the normal cell extracts. Accumulation

of the homocystine due to the enzymic block may result in a competitive

type of inhibition on the enzyme owing to the structural resemblance.

This possibility is illustrated in Figure 4.3.5(c) (i) and (ii). At

low concentration of substrate, the homocystine may bind at the

homocysteine or serine binding site(s) or it may bind at one site and

hinder the binding of the second substrate and/or co-factor. Increasing

the substrate concentration decreases the probability of such com¬

petition and the inhibition is relieved. Further experiments may be

necessary to substantiate this illustration. Incidentally it is worth¬

while noting that the assay method devised by Mudd _et ajL. uses 5-6mM

homocysteine which falls within the lag range. This offers one reason

for not detecting residual activities in some patients. Determination

of K and V with respect to the co-factor should also be
m app. max app.

useful. It is also important to note that crude cell extracts were

used in these experiments. Inhibitors and/or activators present in the

cell preparations would have an effect on the enzyme activity.

Purification of the enzyme may give more accurate values of V and KJ
max m

However, a purified enzyme may not exhibit the physiological conditions

and therefore a crude cell extract reflects a more accurate

physiological kinetic behaviour of the enzyme.

Recent experiments (not reported in this thesis) have shown similar

results when crude extracts were subjected to either gel filtration,

dialysis or membrane ultrafiltration which remove low molecular weight

compounds. This may be due to disulphide interchange on all cellular

proteins of this partially purified extract.



SECTION FIVE
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DETERMINATION OF AMINO ACID CONCENTRATION IN CELL EXTRACTS OF

CULTURED SKIN FIBROBLASTS

5.1 Estimation of endogenous substrate (serine) concentration in skin

fibroblast extracts by the isotope dilution method.

INTRODUCTION. Various studies have been reported regarding the

cystathionine--synthase activity in liver biopsy samples, lymphocytes

and skin fibroblasts cultures |j5,55,2l]. Some workers using extracts
of cultured skin fibroblasts have attempted to determine kinetic

constants by conventional methods of substrate variation. The

results obtained using such "cellular kinetic" studies have been used

to postulate a variety of phenomena relevant to cystathionine-^ -

synthase in normal and homocystinuric conditions [89,109] . The

enzyme cystathionine-^ -synthase catalyzes the condensation of serine

and homocysteine to form cystathionine in a pyridoxal phosphate-

dependent reaction. It appears that most investigators, when performing

such experiments, have ignored the endogenous concentration contributed

by relevant substrates. The sensitive radioassay of Mudd and co-workers

^5J seems to have been employed by most investigators although Fleisher
et al. [56] use a method dependent on calculating the concentration

produced by amino acid analysers. The assay used by Mudd et: al.,

employs one micromole of serine per assay which as stated by the workers

is a subsaturating amount [s]. If the endogenous serine concentration
is present in appreciable quantities then clearly the kinetic pattern

obtained would deviate from that which ignores endogenous substrate.

In this experiment, the isotope dilution technique is employed

to calculate the endogenous serine concentration which is then taken into

account in the kinetic studies reported later.

5.1.1 MATERIALS AND METHODS

5.1.1.1 Chemicals. L- ^3-^cJ serine (specific radioactivity 56 mCi/mmol) was

purchased from The Radiochemical Centre, Amersham, Bucks., U.K. Dowex

50 (x 8; 200-400 mesh; H+form) ion-exchange resin, L-homocysteine
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thiolactone hydrochloride, microgranular cellulose Type A, were

supplied by Sigma (London) Chemical Co. Ltd., Kingston, Surrey, U.K.

All other chemicals were of Analar grade.
2

5.1.1.2 Cell cultures. 'Corning flasks' (75 cm ) were inoculated with
3 2 o

30 x 10 cells/cm in Waymouth medium at 37 and allowed to grow to

confluency as described in previous sections. After thoroughly

rinsing with Earle's balanced salt solution, the cells were harvested

in 0.03 M Tris-HCl buffer, pH 8.3. Extracts were prepared by sonication

using a Kerry's ultrasonicator Model A.

5.1.1.3 Isotope dilution technique. A 2 ml extract of skin fibroblast sample

f 14 1
was mixed with 0.05 ml of L- 3- CJ serine of known specific activity
and the whole mixture left at 4° overnight to equilibrate. A 0.05 ml

aliquot of the mixture was taken for radioactive counting, to determine

the specific avtivity. The remaining sample was applied to a

(6.0 x 0.9 cm) ion-exchange column of Dowex-50 (200-400 mesh; H~*" form)

and washed with 20 ml of distilled water. The serine was eluted by

washing with 100 ml of 0.4 M HC1 which was collected in a preweighed

beaker. The sample was lyophilized and reweighed. It was then re¬

constituted into 1 ml of distilled water. As described below, thin

layer chromatography was performed on an aliquot of the reconstituted

sample and the weight of the re-isolated serine calculated by inter¬

polation on a densitometric calibration curve of standard serine samples.

5.1.1.4 Protein determination. The protein content was estimated by the method

of Lowry ejt al_. |~67^].
5.1.1.5 Thin layer chromatography. Microgranular cellulose Sigma Type A

(12.5 gm) was mixed in 50 ml of water to a homogenous solution. Glass

plates (20 x 20 cm) were spread with the mixture to a uniform thickness

of 0.25 aim. Plates were dried and appropriate volumes of samples and of

standard solutions of serine were applied. The system was developed in

isopropanol:water:formic acid (70:20:10 by volume) mixture for 3 hours.
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Plates were air-dried and sprayed with 0.5% (w/v) ninhydrin in

n-butanol. They were then incubated at 100° for exactly 15 minutes

and cooled at room temperature.

5.1.1.6 Densitometry. The ninhydrin spots were scanned in a Vitatron

Densitometer at an aperture of 0.2 and wavelength of 500 nm. Peaks

obtained were integrated and values used to construct a calibration

curve of the standards. The concentration of the serine isolated

was then calculated by interpolation from the calibration curve.

5.1.2 RESULTS

5.1.2.1 Protein assay. Results of protein content on the various cell lines

are as follows:-

Samples Protein (mg/ml) Total protein used during
experiment (mg)

HG1 0.69 1.40

HC2 0.41 0.41

HC3 0.43 0.43

5.1.2.2 % Recovery after lyophilization.

For cell line (HC1),

c.p.m. before freeze-drying 45023

c.p.m. after freeze-drying 37683

(Both counts were performed in SL30 scintillation liquid spectrometer

at an efficiency of 73%).
o, 37683 ,fc recovery = 45Q23 x 100 = 813

Similarly % recovery of cell lines HC2 and HC3 were calculated to be

72% and 81% respectively.



Plate 5.i.2.3a
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5.1.2.3 Chromatography and densitometry. The Rf value of standard non¬

radioactive serine was found to be 0.5 (Plate 5.1.2.3(a)). A

densitometer scan gave peaks for the various spots obtained on chroma¬

tography of 1-10 ^g of serine. A calibration curve of peak area

against concentration of serine (^Ag) was constructed as shown in

Figure 5.1.2.3. Plate 5.1.2.3(b) shows the spots obtained in

chromatography of lyophilized reconstituted sample. The Rf values

of the spots were 0.24, 0.50 and 0.15 respectively. Plate 5.1.2.3(c)

represents the ninhydrin spots of the sample and authentic serine run

on alternate lanes. One of the three spots of the sample had same Rf

value as the authentic standard serine. In order to unequivocally

prove that the spot assumed to be serine was located where indicated,

A TLC system was set up where the sample was in. one lane alongsa.de

the standard serine in the other lane and in a third lane, the sample

was applied and overlaid with the standard serine. The results are shown

in Plate 5.1.2.3(d). As indicated the second spot obtained from the

sample corresponds to serine. A densitometer scan was performed on the

serine spot obtained from the sample and standard. The amount of

serine reisolated was determined by interpolation on the calibration

curve.

TABLE 5.1.2.3

Results of calibration of standard solutions of serine.

concentration of
serine (yU-g) 1 2 3 4

weight of peak area
after densitometry of
standards (mg) 25.8 42.7 51.6 63.5

weight of peak area
after densitometry of
sample (mg)(for 10yiA-l) - - - - 14.3

A calibration curve is plotted from these results as shown in Figure
5.1.2.3. The concentration of unknown is calculated by interpolation.
A different calibration curve is constructed for each sample.
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figure 5,^,2,3, Calibration curve of serine after TLC

densitometry,
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CALCULATIONS

The isotope dilution technique is useful since quantitative

recovery of serine is difficult. The technique involves addition of

a known amount of compound. The amount of compound is unimportant

provided there is enough to weigh and count.

If a weight of labelled substrate (serine) in ^tg,
b is weight of non-radioactive serine in^tg, and
n^, is the c.p.m. of the labelled serine, then after thorough

equilibration, the specific activity SA^ of the mixture is given by

nl
(a+b)

Similarly, if the weight of the pure isolated serine is C and the

c.p.m. of the equivalent amount is n^, then the specific activity,
SA is given by

u

n2
C

By isotope dilution principle,

n2 = "l
C (a+b)

A sample calculation is illustrated as follows showing the results

derived from patient L.B. (HC1).

Serine concentration of 10 of sample as calculated from calibration

curve = 0.75 ^»*g

. . For 50 juJ. of sample, serine concentration = 3.15^ and
c.p.m. of the 50 aliquot was 37682

n 37682
so that the specific activity SA^ = __2 = ^

14
c.p.m. of 50/*■! of C-serine = 861,615
and weight of the 50 ^ labelled serine = 0.9975 g

. . n, 861615
. . specific activity, _1 _

r ~ (a+b) 0.9975 + b

Then, 37682 = 861615
3.75 0.9975 + b,
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from which, the weight of unlabelled serine present in original

mixture, b, is calculated to be 87.75 ^.g i.e. the original 2 ml

of sonicate (HC1) contained 87.75^g serine or O.835^smoles of serine.
The concentration of endogenous serine per mg protein was thus

596 nmoles.

Results obtained from similar experiments on the other cell lines

are summarised below.

TABLE 5.1.3

Determination of endogenous serine concentration in cultured skin

fibroblast extracts.

Subjects Endogenous serine
concentration

(nmoles/mg protein)

Patient L.B. (HC1) 596

Patient K.H. (HC2) 110

Patient P.K. (HC3) 183

Controls SN3 206

Controls SN 302
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5.2 AMINO ACID ANALYSIS OF THE ACID-SOLUBLE FRACTION OBTAINED FROM

CULTURED SKIN FIBROBLAST EXTRACTS.

5.2.1 MATERIALS AND METHOD

5.2.1.1 Preparation- of cell extract*-. Cells were cultured and harvested

as described in previous sections. Cell pellets were stored in

30 mM Tris-HCl "buffer, pH 8.3 containing 0.08jAmoles pyridoxal

phosphate per ml buffer. Thawed pellets or freshly harvested!

cells were disrupted by sonication 3 x 30 sees bursts using the

Kerry Ultrasonicator Model A. The sonicate was then lyophilized"

at -40° overnight. The freeze-dried simple was reconstituted

in an appropriate volume of water the pH having been adjusted

to 2.2. Nor-leucine (O.lyujnole/ml) was incorporated as an

internal standard for the amino acid analysis. The sample was

divided into 3 equal portions usually containing between 2-4 mg

protein/ml. The first portion was run on the amino acid analyser.

The second portion was hydrolysed with 6M HC1 at 100° overnight.

The last portion was treated with 50% (w/W) trichloroacetic acid

to precipitate out the protein which was then centrifuged. The

supernatant was analysed on the column as described. The protein

pellet was hydrolysed with 6M HC1 at 100° overnight. All

hydrolysates were dried by rotary evaporation and the dried

material taken into pH 2.2 buffer. Samples were then subjected

to amino aacid analysis as described below.

5..2.1.2 Protein estimation. Protein was estimated according to the

method of Lowry edt _al on a"^ samPles before and after-'

lyophilrzation and the % recovery after freeze-drying determined.

5.2.1.3 Amino acid analysis. Amino acid analysis was carried out on the

Jeol (Japan Electronics Optics Laboratory) fully automatic amino

acid analyser JLC-5AH. The two column method was used.
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Columns (42 x 1 cm and 11 x 1 cm) were packed with Dowex-50 WX8

(200-400 mesh) to a depth of 2-3 mm followed by Jeol Resin LC-R-1

in 0.2 M citrate buffer, pH 3.28. The flow rates of the short and

long columns were adjusted to 3.1 and 0.9 ml/min respectively. The

temperature in both columns was adjusted to 60°. Aliquots (0.8 ml)

of each sample were applied to each column. The short column was

eluted with 0.35 M citrate buffer pH 5.28 and the long column eluted

with two buffers, 0.2 M citrate buffer, pH 3.28 followed by 0.2 M

citrate buffer, pH 4.25. The eluted samples were automatically mixed

with ninhydrin reagent and the reaction carried out in 95° waterbath.

The colour developed was detected at wavelengths 440 and 570 nm and

absorbance recorded on Jeol recorder Model E536A.

2.2 RESULTS

2.1 Protein content and % recovery of lyophilization.

Protein content of each sample was determined before and after

lyophilization and percentage recovery calculated. Results obtained

are tabulated below.

TABLE 5.2.2.1: Results of protein estimation on cell extracts

before and after lyophilization.

Cell lines Protein mg/ml Total protein Protein
sonicate (mg) before mg/ml

lyophilizatian lyophil-
ized

sample

Total

(mg) of
lyophil-
ized

sample

7o
recover

of lyo¬
philiza¬
tion

HC1 - ;0.70

cases HC2 0.80;0.78

HC3 0.40; -

-;15.0

12.0;13.3 3.1

6.4; - 2.1

2.35

2.45 9.3

6.3

14.10

8.70 78

98

98

69

„ „ . SN3 1.00;0.8 7 14.0;12.1 4.5;1.65 13.5;8.10 96;67controls
SN4 0.80;0.78 12.0;12.0 3.8;1.55 11.4;9.30 95;78
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5.2.2.2 Amino acid 'profile obtained after analysis

Plates 5.2.2.2(A) and (3) show the amino acid profiles obtained

on cell extracts from normal and mutant cells. Some important

features noted are as follox^s:-

a) In the normal cell line, no homocystine peak was observed.

The cystathionine peak was greater than the methionine peak.

This indicated that metabolism of methionine was normal and no

accumulation of homocystine occurred.

b) In the mutant cell lines, homocystine peak was always

observed. The methionine peak was relatively greater than

the cystathionine peak (e.g. HC3 in plate 5.2./.2(B)). This

indicated that methionine was not metabolised normally

resulting in accumulation of methionine and homocysteine

(and therefore homocystine) and decrease of cystathionine.

c) In the mutant cell lines peaks were also noted but not

identified. It could possibly be S-adenosylhomocysteine, taurine

or other abnormal metabolite. Further investigations using known

standard solutions of these amino acids are necessary.

Evaluation of the various amino acids concentrations as per mg

protein of cell extract is important to compare a mutant cell

line profile with a normal cell line profile.

These studies are in progress' and results will be published in

due course (cf. Poster Demonstration - Bristol University, July 1978.)



SECTION SIX
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GENERAL DISCUSSION

Tissue culture is becoming an important and interesting means of

detecting metabolic defects. Cells are relatively easy to obtain and

culture. However, the present work has highlighted various parameters

that should be considered with much care for reliable results. The cells

are grown in an "artificial" environment which is subject to many variables.

These variables have to be borne in mind during cell culture as they may

affect the characteristics of the cells grown. The stage of growth, cell

densities and passage numbers have already been discussed. There are

also certain other aspects particularly concerned with the culture medium

which may have affected the cell growth and the specific activity of the

enzyme. The osmotic pressure of the culture medium, mostly related to the
| |

concentration of salt and cations, must be constant. A variation of Mg ,

for example, has been shown to alter the activity of hypoxanthine guanine

phosphoribosyltransferase of mutant cell lines from patient with Lesch-Nyhan

syndrome; a minute increase of the cation increased the enzyme activity

of the mutant cells £^0 J .

Amino acids and vitamins are other constituents of the culture medium

that may fluctuate. However, advantage has been taken of such compounds to

characterise certain types of genetic diseases. Omission of the essential

amino acid, methionine, from the culture medium prevented growth of the

fibroblasts from a homocystinuric patient in whom the remethylation process

of homocysteine was defective^ 28 J # Similarly jLn vitro addition of the
co-enzyme, pyridoKal phosphate, has helped to indicate the genetic hetero-

genity of homocystinuria

The pH and CC^ concentration provide the essential buffer system of the
culture medium. It is difficult, however, to regulate this variable and

keep it at the optimum level required for efficient culture. The enzyme

activity may vary according to the changes in the pH of the medium. It
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has been reported, at least for JB -glucosidase and aryl sulphatase, that
the enzyme activities exhibited at pH 7.3 were twice as high as those from

cells grown at pH 6.8 £ 86^.
Despite the present use of synthetic materials to constitute the

environment necessary for cell culture, serum is still considered an

essential supplement of the culture medium for cell growth, particularly

for its effects on the cell metabolism. An increased rate of transport

H-of various nutrients has been observed in confluent cell layers:

Glucose transport followed by DNA and protein synthesis ^83 J were seen to
increase and persist even when RNA and protein synthesis were inhibited

Frequency of medium change and concentration of serum therefore

affect the intracellular concentration and metabolism of various nutrients

Thus, for example, in lysosomal disorders wide fluctuations in

[85 ].

["]•
activity have been reported, 50-600% variations in aryl sulphatase activity

[«]•were noted from 5 studies under identical conditions

A serious drawback of _in vitro conditions in tissue culture is the

possibility of "correction" of activity of the mutant cell lines. For

example, Neufeld £t al. (1975) showed that conditioned media from normal

and abnormal cell lines had the "corrective" factor which normalized the

mucopolysaccharide storage in mutant cell line ["]• Purified enzymes
showed similar effects in cells from patients with Fabry's disease £ 97 J ,

It has not been conclusively shown in the present work whether any of the

mutant cell lines showed such "correction". Besides the above mentioned

causes, contamination of a cell line can "correct" the activity of mutant

cell lines. Cultivation of normal and deficient cell mixture has been

shown to exhibit such effect. Thus Reuser _et al. (1967) found transfer of

N-acetyl- Q- D - hexosaminidase but not of acidc^-glucosidase and j?-galacto-
sidase with co-cultivation of normal cells and cells from patient with

lysosomal disease [ 99 ]• Another common contamination that can cause
similar "correction" is from mycoplasma. Stanbridge et al. (1975) for

example, found almost normal levels of hypoxanthine guanine phosphoribosyl-
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transferase in mutant cells contaminated with mycoplasma £*103 J . a
continuous scrutiny of mycoplasma in cell culture is thus necessary and

use of human serum should be avoided on account of its "corrective" factors.

However, despite standardisation of the culture conditions, dis¬

crepancies in enzyme activities from a particular cell line may not be

altogether eliminated. Such problems have been defined by Gaaljard ^t al.

(1974) and Cox and McLeod (1974). [lOl,102 J,
The advantage fibroblasts possess over intact skin tissue for use in

enzyme diagnoses is that they are relatively undifferentiated cells and

thus possess the basic cellular mechanisms which are not normally exhibited

in specialised tissue such as skin. However, in some cases fibroblast may

[lOO,104 Jbehave as a "specialised" cell, e.g. in collagen production

Another important point is that skin tissue from different sites may give

rise to fibroblasts with different enzyme activities. Thus Moore at al.

(1975) found a reduced steroid 5^-reductase activity only on genital skin

cultured fibroblasts from a patient with familial incomplete Pseudoherma¬

phroditism Type 2 [98 J.
Cystathionine -synthase activities were first demonstrated from liver

biopsies and later shown in cultured human skin fibroblasts [21 J ,

Since then most studies have been concentrated on investigating the enzyme

from skin fibroblasts. However, it has not been conclusively shown that

fibroblast enzyme is correlated to the hepatic enzyme. The metabolic

pathway may be different in different tissues and more significantly the

metabolic control may not be the same. For example, in one case of gonadal

reductase deficiency the 17-13-hydroxysteroid reductase catalyzing the

conversion of androstenedione to testosterone in testis has a different

genetic control from the isozyme found in blood which therefore cannot

be used for diagnosis of the deficiency [ 96 "j . Obviously, much work has to



be carried out on cystathione-^5-synthase activity of normal subjects and

homocystinuric patients to confirm any correlation of metabolic activity

and control in various tissues.

Investigations on cystathionine {?>-synthase have been greatly increased

by the introduction of the radioisotopic method of assay on the hepatic

enzyme [ 5 ] and later on the skin fibroblasts 01- The method of assay
was described as simple, easy, sensitive and accurate. The results obtained

in the present work, however, indicate that the original method of assay

is limited by various factors such as fibroblast culture conditions,

preparation and storage of cell extracts, resin properties, and conditions

of assay mixture. The sensitivity of the original assay was claimed to be

increased by using radioisotope of higher specific activity. However,

though such attempts in the present work showed an increased activity, the

thin layer chromatography of the ion exchange column eluate showed that

difference between 'test* and 'control' samples was magnified by varying

amounts of radioactive products eluted along with the cystathionine and

serine. This may be the result of increased radiation decomposition

products and increased concentration of contaminants in the radioisotope

preparation £ 72 "J . Theoretically, if methods were standardised, reproducible
results would be possible. However, despite stringent precautions, variable

results were obtained on same cell lines.

The discrepancies found in the original method of assay were greatly

overcome by including a quantitative thin layer chromatography on the ion

exchange column eluate. This modified method also increased the efficiency

of the assay and could be made more economical by performing the TLC on a

microscale. However, the assay has not been carried out on a large sample

population to ascertain its reliability though it has been found useful in

comparing the kinetic behaviour of the mutant and normal cell lines. The

amount of cell extract needed for the assays has been the main limiting

factor. The cell lines cannot be maintained in culture permanently. The
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lack of a convenient mutant cell repository meant that cells could only

be obtained by interlaboratory requests. That, however, turned out to be

a slow process. It was not possible to establish a 'normal* range of

activities which would help in defining a homozygote and heterozygote. It

is statistically incorrect to compare particular results with normal range

obtained in a different laboratory under different conditions. More cell

lines should be available and particular methods of cryopreservation should

be improved to procure enough cell extract for such works.

It was, nevertheless, possible to carry out some cellular kinetic

experiments on the available materials. Some significant results were

obtained. The enzyme reaction involves two substrates, homocysteine and

serine. Each may have a particular binding site on the enzyme molecule.

The affinity constant of one substrate may either be independent of or

related to the affinity constant of the other. The substrates may be

reacting in a random sequential way; serine reacting before homocysteine.

Homocysteine has been found to be indispensable for the enzyme reaction.

Crude cell extracts contain a variety of substances released during cell

breakage. These may include activators and/or inhibitors of the enzyme

reaction. Endogenous amino acids are also released. In cell lines

derived from homocystinuric patients, there is a possibility of an abnormal

accumulation of amino acids such as homocysteine and S-adenosylhomocysteine.

These compounds may have an effect on the binding capacity of the substrates

to the enzyme. The situation is more serious if one or both substrates are

at subsaturating levels, as it usually may be the case. Under such

conditions, one cannot ascribe K and V values to the enzyme with respect
m max

to the substrates. The values so obtained are only apparent values,

which Change with changes in co-substrate concentration.

However, in the present context the numerical value of the apparent

K is very useful. It establishes an approximate value of the intracellular
m

level of the substrate(s); f S_*| would mean that V is sensitive to
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changes in U1 and vice versa. The value also helps in comparing
the enzymes a) from the particular tissue, b) from the particular individual

and c) from the same tissue at different stages of development. In other

words, the value would indicate whether the enzyme activity is that of

an isozyme or that of a mutant protein catalyzing the same reaction, or

whether ageing of cells and increase in passage numbers change the catalytic

behaviour of the enzyme.

It is interesting to note the results obtained of the apparent and

V values on the normal and mutant cell lines. Mutant cell lines HC2
max

and HC3 showed similar K and V values while HC1 exhibited different K
m max m

and V values. These results are compared in Section Four.
max

Previous research on cystathionine- fi -synthase from normal individuals

have shown that it requires homocysteine and serine as substrates and pyridoxal

phosphate as co-factor ; that it is activated by preincubation at 50° for

3 min and by _in vitro addition of pyridoxal phosphate; that it is composed

of two subunits identified by SDS-PAGE of which the low molecular weight

subunit exhibited a greater tendency to migrate towards the anode

[21,56,61,84]. However, very little is known about the mechanism of
reaction. As mentioned earlier, the substrates may be combining in a random

but sequential way. The pyridoxal phosphate may be essential in "activating"

the serine before the condensation with homocysteine. The explanation

offered by Selim and Greenberg (1958) may be relevant as illustrated below



MECHANISM OF SERINE "ACTIVATION" AND CYSTATHIONINE SYNTHESIS.

Serine and pyridoxal phosphate form an aldimine derivative

containing a conjugated system of double bonds stabilized by

H-bonds or chelation. This results in a planar configuration

which favours withdrawal of electrons from the-carbon to the

heterocyclic nitrogen atom of the PLP. The OH group of the

serine on the|5 -carbon attracts electrons and permits the extra

pair of electrons to be liberated as an anion, resulting in a

double bond between theo^- and -carbons. Homocysteine adds to

the double bond forming cystathionine and liberating PLP.
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The above illustration indicates the importance of a spatial

arrangement of the co-factor and substrate for adequate reaction. The

enzyme active site, the substrate orientation and the co-factor con¬

figuration should all be appropriate for optimum enzyme activity. The -n-

active site of the enzyme is the "pocket" formed by the essential

R-residues of backbone of the enzyme molecule. The substrates and

co-enzyme also bind to the enzyme molecule R-residues via such bonds as

the H-bonds, hydrophilic or ionic bonds. This means that a change in

R-residues either in quantity or in charge would cause a significant change

in the affinity constant of the ligands in question, affecting the enzyme

activity.

Studies have in fact shown that heat activates the enzyme from the

normal subject but not from the patient jjlOB ]• The authors suggest that
it may be a case of heat induced conformation which was more favourable for

enzyme reaction. In similar fashion, pyridoxal phosphate has been seen to

increase residual activities in certain patients J^23 J . However, oral
administration of pyridoxine has also shown similar effects with some

patients not responding. The causes of such difference in responsiveness

are still under investigation. It is known that the defect is not in

transport of pyridoxine (1), in its phosphorylation (2) or in alternate

routes of metabolism (3) as illustrated below

METHIONINE

HOMOCYSTEINE
1 2

^PYRIDOXAL ^ PYRIDOXAL
PHOSPHATE

PYRIDOXAL 3
SYNTHASE

CYSTATHIONINE

The cell I
membrane ^

V
✓

The abnormality appears to occur at the site (3). It has been



suggested that it may be a case of apoenzyme-co-enzyrae association defect

due to unfavourable conformation ^73 J. Studies on homozygotes, hetero-

zygotes and normal subjects have shown that heterozygotes do not possess

the 50% activity as would be expected on gene-dosage relationship. The

fact that the activity was between 25-317. of control activity meant that

the enzyme is not monomeric and subsequent research revealed that the enzyme

has two subunits. Griffiths and Tudball working on abnormal cell line

(L.B) HC1 found that the low molecular weight subunit possessed a different

electrophoretic character than the corresponding subunit of a normal subject

^ 89J. They concluded that the abnormality was due to an alteration in
the structural gene coding for the lower molecular weight subunit of the

enzyme. Such mutation may be responsible for a change in the R-residues

which eventually leads to changes in molecular association of subunits and

subsequently the overall conformation is likely to be altered.

The effects of the endogenous substances have to be considered as well.

The activator or inhibitor present is likely to affect the affinity constants

of the substrates and co-factors depending on how the substances tend to

react with the enzyme molecule. Thus, for example, a high level of

homocystine or of j>-adenosylhomocysteine may cause a competitive inhibition.

The overall effect of the endogenous amino acids and other substances may

lead to an alteration of the molecular conformation resulting in a change of

enzyme activity. With these points in mind, some explanations of the

cellular kinetic results obtained in this study may be attempted.

Mutant cell lines HC2 and HC3 show a change in apparent K values but
ni

not in Vmax when compared to the normal subject. That would possibly mean
that the conformation of the enzyme is changed in such a way that the

catalytic site is "masked". In other words the system needs a greater

number of substrate molecules to statistically overcome the unfavourable spatial

arrangement so that Vmav is attained at the expense of an increased
This is illustrated in the following model.
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Normal enzyme Mutant enzyme

■Qr

V
k'

It may also be that the inhibition is due to an unfavourable

arrangement of the co-factor pyridoxal phosphate so that the

"activation" of serine is hindered resulting in decreased enzyme

activity. The serine is not at the proper angle to combine

with homocysteine and the latter has to be increased to statistically

overcome the unfavourable situation. Similarly, an increased

concentration of pyridoxal phosphate overcomes the inhibition.

Normal enzyme

■Qr

Mutant enzyme

©-

In the case of mutant cell line HC1, both the and values

are changed, K being larger and V smaller than those obtained on
m ° ° max

the normal cell lines. This could be a case where the R-residues

of the enzyme molecule are changed in such a way that binding of the

co-factor and/or substrate is altogether hindered. Suppose the

pyridoxal phosphate is not able to bind to the enzyme, the con¬

densation of serine and homocysteine will altogether fail. It is

interesting to note that the low molecular weight subunit of the

enzyme molecule was more acidic than the normal enzyme.



molecule. One explanation may be that either a) the overall number of

acidic residues has increased or b) the overall number of basic residues

has decreased. If the latter was the case, residues such as lysine

would be decreased. It is known that pyridoxal phosphate binds to the

£,-amino group of lysine to form a Schiff base ^84 J so that the number of
pyridoxal phosphate molecules available for serine "activation" would be

less than those of the normal enzyme molecule. An increase of pyridoxal

phosphate, in contrast to previous cases, would not have any effect since

the few available binding sites of the co-factor are already occupied.

This would mean that the number of "activated" serine molecules would be

less resulting in lower enzyme activity. The presence of a mutant enzyme

subunit thus results in decreased affinity of the enzyme molecule for the

substrate so that the ES complex formed is non-productive. This would

explain the high K value and low V
m max

Normal enzyme Mutant enzyme

As already mentioned, the possibility of inhibition by endogenous

substances cannot be overlooked although all low molecular weight compounds

should be removed by dialysis. An abnormal metabolite formed due to the

aberration may act as an inhibitor I. I combines with E forming EI complex

having a lower affinity for substrate. The ESI complex would then be non¬

productive resulting in a "mixed type non-competitive inhibition". The



effects of such endogenous metabolites are also important to note when

substrate is at low concentration. The Lineweaver Burk plots (Figure 4.3.5)

show a deviation from the straight lines. There is an upward curvature

showing that there is inhibition of activity at low substrate concentration.

This is more apparent in the case of HC2 mutant cell line. It is also seen

that the level of endogenous homocystine in HC2 is greater than that of HC3.

It may therefore be possible that at low homocysteine concentration the

disulphide on account of its molecular resemblance acts as competitive

inhibitor. With increase of homocysteine this inhibition is overcome.

The Michaelis Menten plots showed the deviation in form of sigmoidal curve

instead of the normal hyperbolic one. It is interesting to note that such

curves were obtained by Brown et _al.£106 ^ using homocysteine. If the

possibility of competitive inhibition by endogenous metabolites was not

feasible then one could argue that enzyme molecule behaved as one with at

least two different substrate binding sites, each having an effect on the

binding capacity of the other. When the first substrate binds to the

enzyme, a'lag' occurs in the curve until a certain concentration of ES is

formed which increases the affinity constant of the second substrate. This

situation is analogous to positive co-operativity exhibited in allosteric

enzyme. Incidentally, it is worthwhile noting that cystathionine- ^-synthase

is an enzyme at the "crossroad" of methionine metabolism and may be under

feedback control. It is known, for example, that the rat liver enzyme is

regulated by S^-adenosylmethionine and S-adenosylhomocysteine . However

such regulation in the human enzyme has not yet been described and the

possibility of an allosteric effect cannot be altogether dismissed though

such assumption is at present highly speculative.

However, the results obtained from these cellular kinetic studies in¬

dicate that a) endogenous metabolites particularly those abnormally produced



in an aberrant case could interfere with the binding capacity of the

substrate(s) to the enzyme molecule; b) that the spatial configuration

of the co-factor could be hindered and/or its binding site "masked" or

disorientated; c) that the binding sites of the co-factor and/or

substrate(s) could be decreased or altered due to mutation in the

structural gene.

It is interesting to note that of the three mutant cell lines studied,

the apparent K and V values obtained on the cell lines from pyridoxine
in max

responsive patient were different from those obtained on cells from the

pyridoxine non-responsive patient. Also, only the K value of the
m

responsive type was different from that obtained on normal cell lines

(e.g. SN18). Pyridoxine responsiveness has been described as an example

of the genetic heterogenity existing in homocystinuria £ 23 J # Heat
stability and _in vitro pyridoxal phosphate stimulation have been quoted

as other examples of genetic heterogenity of homocystinuria. Inter¬

pretation of the present work may establish the fact that cellular kinetics

could be a further example of demonstrating such heterogenity in homo-

systinuria. Considering these results, HC1 mutant cell line from a

pyridoxine non-responsive patient may be an example of mutant exhibiting

"linear mixed-type uncompetitive inhibition"; while HC2 and HC3 mutant

cell lines may be examples of "linear simple competitive inhibition"

mutants.

Such classification may be further extended if more experiments are

performed to determine the kinetics of co-factor and of the predominant

inhibitors and activators. The amino acid profile provided by amino acid

autoanalyzer is yet another useful means of detecting presence and

quantitation of certain abnormal amino acids. Response to therapy may

also be monitored by comparison of such profiles before and after treatment

and against a control trace. It may also be possible to perform kinetic

studies on cell extracts subjected to one or more "purification" steps to
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remove contaminating metabolites. However, it could be mentioned that

kinetic behaviour of a purified enzyme may not reflect the jLn vivo

situation.

Nevertheless the present work has provided some insight into the

validity and potential of cell culture in studying metabolic defects.

It enables research into metabolic pathways, their control and regulation.

The main hurdle has been, however, the discovery of the disease by clinical

identification before biochemical research is started. The limited life

span of the cell lines in culture has been a further drawback. However

recently two main things have occurred which can very much change the

prospects of tissue culture in biochemical studies:- a) a permanent cell

line in culture has been made possible, viz. lymphoblasts from lymphocytes

b) such permanent cell lines can be cloned and mutants grown by use of

appropriate analogues in culture medium. This means that human mutants

cell lines can be produced _in vitro before the discovery of the disease

itself. Thus an inventory of human enzyme defects and related aetiology

can be made. These and further improvements in culture technique and

enzyme assays are no doubt sound promises of extending our knowledge of

human inborn errors of metabolism at a greater rate.

of peripheral blood by transformation with and



SECTION SEVEN
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7.1 TISSUE CULTURE

To ensure efficient growth of fibroblast cultures and to

minimise the incidence of infection in the cell lines it was necessary

to adopt a particular system of work and adhere to it. Some of the

important steps are now outlined.

7.1.1 Cleaning of glassware. Disposable polysterene plastic flasks from

'Corning' and 'Sterilin' were commonly used for culture. However,

to initiate large volumes of cells, larger surface area bottles were

2
necessary, e.g. the 125 cm borosilicate glass bottles and roller

bottles. Medium and balanced salt solution were also stored in 50 ml

glass bottles. It was therefore important to clean the glassware

scrupulously before sterilisation. The following scheme was adopted:-

(a) about 5 gm of 'pyroneg' powder were mixed and dissolved in about

4 litres of hot water. Dirty glassware was thoroughly rinsed in

running water and then immersed in the detergent overnight.

(b) glassware was then removed and washed in tap water and soaked in

hot water overnight, and

(c) transferred to fresh distilled water and again soaked overnight.

Before sterilisation, the glassware was dried at 60° for about

2 hours. The tops were then covered with alcan foil, stoppers being

slightly loose to allow any pressure out during autoclaving.

Sterilisation was performed by autoclaving at 15 lb/sq.in pressure

and 1M for 20 minutes.

After sterilisation, glassware was allowed to cool to room

temperature and the stoppers tightened firmly. Date of sterilisation

was noted so that any glassware not used after 3 weeks of sterilisation

was recycled through the cleaning process.

Pipettes were plugged with non-absorbent cotton wool and

sterilised in dry heat at 160° for 3 hours.

Roller bottles and other glassware were soaked in chromic acid
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instead of detergent and the process repeated as above. (Chromic

acid: 25 gm potassium dichromate in 250 ml of water + 2500 ml of

concentrated sulphuric acid).

7.1.2 Storage of Water. It was important that the diluent used during tissue

culture be pure enough, otherwise any change in ionic strength or in

constituency of the water used might disturb the consistency of tissue

culture works. Water contains a host of various substances, e.g.

| j _
cations such as Mg , anions such as CI , organic materials, micro¬

organisms, and gases. For tissue culture purposes, however, the most

important step is demineralisation [lob] or distillation of water to

purify it since most of the other contaminants are already present in

mammalian cell cultures. Distillation removes all materials, micro¬

organisms, pyrogens, and other contaminants. Double distilled water

was collected and stored in glass containers. The plastic containers

were avoided for various reasons, e.g. (a) such containers are porous

and thus create difficulties in cleaning before and after use, (b) the

porosity sometimes allows atmospheric air to permeate, lowering the

conductivity of the water and (c) some plastics elute contaminants

toxic to tissue culture. Even with glass containers certain factors

had still to be considered, e.g. the atmospheric air overlaying the

stored water could contribute air polluants and carbon dioxide. The

possibility of bacterial growth even in pure water is always present.

The purified water was therefore never stored in larger quantities and

any water not used within fifteen days of collection was discarded.

7.1.3 Use of the laminar flow cabinet. Filtered laminar air ventilation was

used during culture. The transfer area is ventilated by continuous

piston-like displacement of air that has been passed through a high

efficiency particulate air (HEPA) filter. Any aerosol from clothes or

skin is flushed out of the area of culture by the filtered air. As

toxic substances could be produced by cells in culture, it was advisable
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to wear surgery face masks during all operations.

7.1.4 Preparation of culture media. Reagents used were of analytical grade

and kept in separate containers labelled 'for tissue culture only'.

Separate spatulas and weighing bottles were used and the method of

rinsing the spatula between weighings was adopted. All glassware was

cleaned and sterilised as described above. Stock solutions were

distributed in small aliquots and stored at appropriate temperatures.

As far as possible sterile containers were used for storage. Media

containing carbohydrate as one of its constituents were sterilised

before storage. Thus, Earle's balanced salt solution was found to

develop moulds during storage at 4° for about 2 weeks. It was necessary

to sterilise it before storing or alternatively it was always stored

at -20°.

Earle's balanced salt solution:-

Sodium chloride 6.80 g

Sodium dihydrogen phosphate 0.14 g

Potassium chloride 0.40 g

Glucose 1.00 g

Sodium bicarbonate 2.00 g

The volume was made up to one litre with pure distilled water.

A small amount of phenol red powder was added until solution coloured

to light purple. The salt solution was sterilised by light vacuum

with a sterofil filter (0.2 jia, pore size); the solution was distributed
into 50 ml aliquots and stored at -20°.

Waymouth's (MB 752/1) culture medium. Contents of one packet were

dissolved in about 800 ml of double distilled water. Sodium bicarbonate

(2.24 g), penicillin (75 mg), Streptomycin sulphate (63 mg) (and sometimes

30 mg of nystantin) were then added. Foetal calf serum (100 ml),

previously screened for mycoplasma and virus, was added and mixed. The



75.

pH was adjusted to 7.1 by drop-wise addition of 1 M HC1. Medium was

distributed into 50 ml aliquots and stored frozen at -20°.
7.1.5 Precautions during culture procedure. The importance attached to

survival of cell lines could not be overlooked. It was imperative

that as many precautions be taken to avoid infection and subsequent

loss of the cells which would eventually mean no available starting

material for other investigations. A simple set of rules for tissue

culture techniques was necessary and one had to avoid being complacent,

inattentive, or careless during culture procedures. An example of a

scheme of work would be as follows, (a) a stock of cells was always

kept frozen in liquid nitrogen, (b) during any subculturing or medium

changing, one or two flasks or bottles were left untouched to be kept

as standbys should anything happen to the treated flasks, (c) an adequate

sterility surveillance on all apparatus and reagents was always

maintained; (d) special care was taken with the tissue culture room,

e.g. (i) the ultraviolet lamp was always left on except during any

culture operation in the room, (ii) laboratory coats were always worn,

(iii) the working bench was regularly cleaned and disinfected before

and after use, (iv) no unsterile material was placed in the laminar flow

cabinet during operations, particularly between the filter and the

culture area, (v) after autoclaving, the caps of bottles were tightened

when at room temperature otherwise the partial vacuum created would

allow air to rush into the bottle when opened, (vi) the floor of the

room was regularly cleaned.

Despite the above surveillance, infection of cell cultures could

not be completely eradicated. Bacteriological tests showed that some

instances of infection were due to a Candida species and consequently

nystantin was used as additional antibiotic. The incidence of cell

loss due to infection was subsequently reduced.
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7.2. USE OF RADIOISOTOPES

The majority of the experiments e.g. the enzyme assays and

thymidine incorporation estimation made use of isotopes viz.

serine and^lij-methyl thymidine. Radioactive counts
were performed on the Intertechnique liquid scintillation spectro¬

meter or in the Packard liquid scintillation spectrometer.

It was necessary to calculate the efficiency of the counting procedure.

It was also important to observe the necessary precautions when

dealing with radioisotopes.

7.2.1 Calibration of liquid scintillation spectrometer.

7.2.1.1 Principle of operation. The j3>-radiation is converted into electric
pulses which can be processed electronically,

12 3
^-energy ^ light energy ^ quantity of current > signal
The radioisotopes, in solution or in suspension, is mixed with two

scintillators which produce conversion 1 , all these elements being

contained in a plastic or low-activity glass vial. The vial is placed

in a chamber formed by a photocathode of two diametrically opposed

photomultiple tubes and by two reflectors. The photomultipliers produce

conversion 2 and the two adapters produce conversion 3. Primary

radiation is transferred to solvent through ionisation, molecular

dissociation or molecular excitation, the latter process most likely

to generate a quantum of light. The molecular excitation energy is

finally transferred to molecules of primary scintillation, which when

being excited return to ground state while emitting a quantum of light.

The source of light excites the secondary scintillator which when de-

excited re-emits a certain amount of light at a different wavelength.

These secondary photons pull electrons away from the photocathode of

the photomultiplier tubes and generate the signal to be processed.
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7.2.1.2 Efficiency of count. The sample activity is related to the counts

per minute (c.p.m.) thus -
c • p«m«

Activity (disintegrations per minute, d.p.m.) = —-— , whereE

E is efficiency of instrument.

Losses during counting may be of two origins: (a) the instrument,

since there is a probability that (i) only one photomultiplier tube

"senses" the scintillation, (ii) that detection of photomultiplier tube

varies exponentially with number of photons reaching it; (b) the sample,

due to (i) absorption of photons (optical quenching) and (ii) non-

transfer of energy between molecules (chemical quenching). The E

value can be determined by performing a calibration expressing the

curve in following parameters,

E = f(0)

a = g(0), where (0) is quenching and a is a
I

measurable value. A series of standard samples of known activity

are gradually quenched by addition of a quenching agent, the series

comprising of at least 5-6 standard samples numbered in increasing

order of quenching. Three main methods of determining counting

efficiency are available viz. (a) internal standard, (b) channel

ratio and (c) external standard. Each has its advantages over the

others.

7.2.1.3 Channel ratio counting mode. This method is used for apparent shift

of spectrum towards low energies, e.g. for isotopes with appreciable
14

shift such as C. For a single isotope sample, using a least

quenched standard sample, levels are adjusted so that the full spectrum

is covered in channel C, and levels of channel B adjusted so that ratio

C
c

— is of a given value. For each standard, efficiency E is determined,
B

a calibration curve of E = f. is plotted.
u _
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7.2.1.A Calibration of the Intertechnique scintillation counter.

Calibration curves were plotted and compared for the

following aspects - (a) using the window settings to cover the

whole particular spectrum of the isotope, (b) using the

manufacturer's settings covering the particular spectrum, (c) using

a sicintillation liquid containing only the primary scintillation

and (d) using a scintillation liquid containing both the primary

and secondary scintillators.

(a) Materials and method. Hexadecane [^] was used as the
A

standard. Activity: 1.168 x 10 d.p.m. 1 gm Density = 0.773.

Purchased from The Radiochemical Centre, Amersham, U.K.

Scintillation grade Toluene was used.

Triton X-100 was obtained from B.D.H. Chemicals Ltd.

Scintillation liquid A:- 5 g of PPO; 500 ml of Triton X-100

and 1 litre of toluene. Scintillation liquid 13:- 5 g of PPO,

0.5 g of P0P0P; 500 ml of Triton X-100 and 1 litre of toluene.

Chloroform was used as the quenching agent. Hexadecane (lO^ul)
standard was used in each vial and increasing amounts of chloroform

added to each. The channel ratio of counts in channel C to

channel B was calculated and the efficiency of count also determined,

(b) Results. Using the least quenched sample the window settings

for counts were found to be channel A:

Channel A

Channel B

Channel C

Lower level, = 3.79

= 3.00

" = 3.00

Upper level, 5.19

5.39

" 7.29



Table 7.2.1.4

RESULTS OP RADIOACTIVITY COUNTS FOR CALIBRATION OP SL INTERTECHNIQUE BY
THE CHANNEL RATIO MODE.

1. Using manufacturers' settings - scintillation liquid A

Volume of
chloroform
added

c.p.m. in
channel B

c.p.m. in
channel C

Ratio
of Cc/CB

% Efficiency in
channel C

Ec
0.00 5572 7243 1.30 80

0.10 5231 7062 1.35 78
0.15 4915 6881 1.40- 76
0.20 4406 6609 1.50 73

0.25 4205 6519 1.55 72

0.30 4018 6428 1.60 71

0.35 3675 6247 1.70 69
0.40 3518 6156 1.75 68

0.50 3278 6066 1.85 67
0.60 2943 5885 2.00 65
0.80 2535 5704 2.25 63
1.00 2208 5522 2.50 61

1.10 1749 5160 2.95 57

1.20 1509 4980 3.30 55

1.50 1321 4889 3.70 54

1.70 1200 4798 4.00 53

2.00 1046 4708 4.50 52

2. Using manufacturers' settings - scintillation liquid B
0.10 4915 6881 1.40 76
0.20 4882 6790 1.45 75

0.40 4018 6428 1.60 71

0.50 3675 6247 1.70 69

0.85 3420 6157 1.80 68

1.00 3193 6066 1.90 67
1.35 2760 5795 2.10 64

1.45 2440 5613 2.30 62

1.60 2254 5522 2.45 61

2.00 1908 5341 2.80 59

2.50 1694 5251 3.10 58

3.60 1465 4980 3.40 55

4.10 1254 4889 3-90 54
4.40 1046 4708 4.50 52



Table 7.2.1.4 (Contd)

3. Using window settings - scintillation liquid A

Volume of c.p.m. in cpp.m. in Ratio % Efficiency in
chloroform channel B channel C of C /CL channel C
added c E„

0.00 3149 7243 2.30 80

0.10 3292 7243 2.20 80

0.15 3449 7243 2.10 80

0.20 3668 7153 1.95 79

0.25 3975 7154 1.80 79

0.30 4154 7062 1.70 78
0.35 4254 7062 1.66 78
0.40 4413 6972 1.5.8 77

0.50 4915 6881 1.40 76
0.60 5068 6791 1.34 75

0.80 5317 6700 1.26 74
1.00 5639 6428 1.14 71

1.10 5679 6247 1.10 69
1.20 5722' 6066 1.06 67
1.50 5827 5885 1.01 65
1.70 5251 5251 1.00 58
2.00 4799 4799 1.00 53

4. Using window settings - scintillation liquid B

0.10 3205 7243 2.26 80

0.20 3385 7243 2.14 80

0.40 3622 7243 2.00 80

0.50 3887 7152 1.84 79

0.80 4013 7062 1.76 78
1.00 4306 7062 1.64 78
1.35 4527 6971 1.54 77

1.45 4710 6971 1.48 77

1.60 5293 6881 1.30 76
2.00 5317 6700 1.26 74
2.50 5639 6428 1.14 71

3.60 5700 6152 1.08 68

4.10 5745 5975 1.04 66

4.40 4980 4980 1.00 55



Figure 7.2.1.4

A: Calibration Curve of SL Intertechnique Liquid Spectrometer using

Manufacturer's Automatic Settings.

Methods of calibration are described in '"Materials and

Methods'. Two different scintillation liquids were used;

a ▲ Scintillation liquid A;

v v Scintillation liquid B;

B: Calibration Curve of SL Intertechnique Liquid Spectrometer

using Manual Window Settings.

Methods of window settings and calibration are described in

'Materials and Methods'. The windows were set at 7.29 (upper

level) and 3.00 (lower level) on channel C. Two different

scintillation liquids were used;

▲ ▲ Scintillation liquid A;

V ■ v Scintillation liquid B.



FIGURE 7.2.I.A: CALIBRATION CURVES OF LIQUID SCINTILLATION COUNTER.
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Table 7»2.1.4 gives the channel ratio values end °Jo efficiency

obtained at different degrees- of quenching when increasing

amounts of chloroform- were added. Figure 7»2.1.4! shows the¬

cal ibratiom curves obtained in both cases. Using the

manufacturer's settings the ratio is increased with increased

quenching while with the window settings adjusted5, the ratio

decreases until a minimum of 1.0 is obtained. It is also

noted that efficiency is not changed in either case by using-

scintillation solution F containing the primary and secondary

scintillators. However, it is seen that the volume of

chloroform needed to cause the same change in ratio: is far

greater than when the liquid A is used. This would infer

that solution B is more 'resistant* to quenching effects.

Solution F was therefore preferred for most radioactive

countings.

7.2.2 Precautions during isotope handling. A majority of the work

dealt with isotopes and it was imperative to observe certain

precautions to avoid contamination. All work was carried out~

in large trays lined with absorbent paper to restrict spread

of liquid during any spillage. All radioactive preparations-

were clearly marked, with details of the chemical compound,

radioactive isotope, activity and5 date. Experiments- were

carried out inn a radioactive suite. Rubber gloves were worn

when working with -unsealed, sources. All operations involving

production, of spray vapour or dust were carried out in a fume

cupboard. Pipettes- were bulb operated. Counts were performed

iin a separate room and no radioactive substances other than

prepared samples were allowed into that room. All waste

solvent was- collected in a special bottle. A waste bin for
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solid active materials was provided in the isotope room. After

every experiment and when leaving the laboratory it was essential

that hands were scrubbed thoroughly. The working bench area should

be kept clean and tidy at all times. During the course of the whole

work, tidiness, cleanliness and care were of paramount importance to

avoid the risk of contamination with radioisotopes.

7.3 DETERMINATION OF PROTEIN BY LOWRY'S METHOD

Reagents. Soln. A. 2% (w/v) sodium carbonate in 0.1 M NaOH; Soln.

B. 0.5% (w/v) copper sulphate SH^O in 1% sodium citrate; Soln. C.
1 ml of Soln. B. added to 50 ml of Soln. A; Soln. D. 50% (w/v) of

Folin ciocalteau in water. Solutions C and D were prepared fresh

each time of assay.

Method. 0.5 mg/ml of bovine serum albumin in 0.9% (w/v) sodium

chloride was used as stock standard. A standard curve was constructed

to cover range of 0 - 0.5 mg/ml. Test samples and standards were

performed in duplicate. The method of assay was essentially as

follows:- (a) 50 yul of sample and standards in respective tubes were

mixed with 1.0 ml of solution C. (b) contents were allowed to stand at

room temperature for 10 minutes, (c) 100 of solution D was added to

each tube and contents vortex-mixed and incubated at room temperature

for 30 minutes. The absorbance of the colour formed was read at

wavelength of 750 nm.

Figure 7.3 shows one typical standard curve obtained.



FIGURE 7.3: PROTEIN CALIBRATION CURVE

concentration

(mg/ml)

Methods were as described in Section 7.3.

Apparatus: Cecil Spectra

Light path: 1 cm

Volume of sample: 0.05 ml

Wavelength: 750 nm.
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7.4 BULK PREPARATION OF HUMAN SKIN FIBROBLASTS

It was necessary in most experiments carried out to culture
2

and harvest large amounts of cells. Growing cells in 75 cm flasks

was not practicable for that purpose and in such cases roller bottles

were used.

Apparatus:- Roller bottles and roller machines were obtained from

Bellco Glass Inc. New Jersey.

Reagents:- Culture medium and other reagents for culture and

harvesting of cells were same as described in appropriate

sections.

Cell culture:- Culture methods were essentially the same as previously

described. At least 150 ml of culture medium were used

per bottle, which was gassed with air-CO^ mixture after
cell inoculation. The bottle was rolled at a speed of

0.5 rev per min. Temperature was always kept at 37°.
Cell harvest:- Cells were harvested as follows. Medium was carefully

decanted and cell matt rinsed with sterile Earle's

balanced salt solution at least three times. Freshly

prepared 0.5% (w/v) Trypsin solution (5 ml) was added to

bottle which was then rolled at 0.5 r.p.m. for 3 minutes.

Trypsin solution was then decanted and bottle rolled again

for another 10 minutes at 37°. Cells were detached and

taken into either sterile medium for further culture or

cryopreservation purposes or taken into 30 mM Tris-HCl

buffer pH 8.3 for assay purposes. In the latter case,

cells were then washed at least four times before pre¬

paration of cell extract for assays. All procedures were

under asceptic conditions particularly when cells were

prepared for subculture and cryopreservation.
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Bottle cleaning:- After each cell harvest, bottles were thoroughly-

washed for further subculture. Chromic acid

(potassium dichromate 25 g, water 250 ml and

sulphuric acid 2500 ml) was used as cleansing

agent. About 100 ml of the acid were poured in

the bottle which was then rolled in the chamber

for about one hour. Acid was then replaced with

hot water and bottles rolled again for another one

hour. Finally, after washing the bottle several

times with hot water, bottle was filled with

distilled water and allowed to stand overnight.

It was then dried and sterilized at 120° for 2

hours or autoclaved at 180° for 20 min, 15 lb

pressure. Bottle was allowed to cool to room

temperature before tightening the stopper.
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APPENDIX

7.5 SOME IMPORTANT REFERENCES CONCERNING CYSTATHIONINE- b-SYNTHASE ACTIVITY

RAT LIVER ENZYME

Molecular properties Effect of Co-factor Kinetics Ref.

Two pairs of subunits
identified by SDS -

fast: 2 x 51,000 M.Wt.
slow: 2 x 73,000 M.Wt.

(K )mM
m =

[6o"J
PLP and serine bind
to form an aldimine
derivative enabling
a double bond to be
formed.

Homocysteine adds on
the double bond to

form cystathionine
[54]

0.84(serine)
0.26(DL-
homocysteine [84]
8.3(serine)

20.0(homo-
cystine) [60]
6,0(serine)

120.0(homo-
cysteine) M
1.6(serine)

110.0(homo-
cysteine) M

Serine protects
inhibition by
Hg-*";
SH groups
attached to PLP

9.0(serine)
250.0(homo¬

cysteine) [IO?]

HUMAN LIVER ENZYME

Molecular properties Effect of Co-factor Kinetics Ref.

2 enzymic forms, and
Mol. wt. 250,000
dependent on PLP

H
Preincubation at 55° for 3
min activates synthase from
control and heterozygotes
but not from patients.
Possibly heat-induced con-



Molecular properties Effect of Co-factor Kinetics Ref.

formational changes or
destruction of inhibitor.
Normal range of activity
225 7 nmoles/mg protein/hr.

M

Pyridoxine admin¬
istration to pts
increases residual
C S activity in
some patients.

[27]

Why do patients
respond to different
degree to same
treatment?

It could be a con¬

sequence of
quantitatively
different enzyme
or the expression of
different genetics
variants.

H

HUMAN SKIN FIBROBLASTS

Molecular properties Effect of Co-factor Kinetics Ref.

Activity detected in fibro¬
blasts but not in skin tissue:-

a)Activity is a result of
differing cellular responses
to environment in culture and
in vivo.
b) mammalian cells tend to lose
specialised function in culture
including enzyme activities.

[in]

Normal range:
3-55 nmole/hr/mg protein
(overlap of pt. results with
controls) [21]
Control range:
12-31 nmoles/mg protein/hr. [72]
Normal range:
3.7-60.0 nmoles/mg/hr. [23]
Normal range: 20.97 - 1.81
nmoles/mg/hr (amino acid
analyser )

[72]
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HUMAN SKIN FIBROBLASTS

Molecular properties Effect of Co-factor Kinetics Ref.

Difference in isoelectric

point of normal and abnormal;
SDS + PAGE show two subunits
53,000 and 70,000 M.Wt. Urea
+ SDS shows higher subunit
of abnormal more acidic.

In vitro addition of PLP
increases activity par¬
ticularly in deficient
cases, indicating that
a) PLP has an effect on C.S

activity,
b) genetic heterogenity j~*
of CS deficiency 23
c) PLP possibly enhances the
production of holoenzyme
and slows the degradation
of the apoenzyme.

K =16.ImM 109I
m = L J

(control)
V :89 units

max

with respect
to homo¬

cysteine;
K = 1.4 mM

m =

V = 35.5
max

units with

respect to
serine
Mutant cell
lines values:
K higher

m

V lower
max

than controls

with respect
to homocysteine
3.9-3.4mM;

K with respect 61
m L

to serine

0.91 mM
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