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INTRODUCTION



In 1951 Stedman & Stedman advanced the hypothesis
that the basic proteins of cell nuclei are gene
inhibitors, basing this view largely on examples of
species specificity and cell specificity given in
the same paper. The Stedmans also demonstrated at
this time that it was generally possible to fractionate
histones into two components, by alcohol precipitation
of a subsidiary component from the mother liquors
obtained during the purification of the main histones.
Their evidence for species and cell specificity
consisted of amino acid analyses of main histones
prepared from cell nuclel from different organs from
several species, and purified by the removal of the
subsidiary component.

Other workers have published amalytical data for
histones from various sources, e.g. in 1933 Leipert
& Leberl published results for a histone preparation
obtained from fowl erythrocytes, and results have
also been quoted for histones prepared from rat liver
and calf thymus gland (Eadie & Leaf (1952) ), for
rat liver histone by Brunish, Fairley & Luck (1951),
and for calf thymus histone by Hamer (1951) and by
Daly, Mirsk & Ris (1951). 1In view of the Stedmans'
discovery of a subsidiary histone fraction, none of
these analyses are likely to have much significance
in relation to cell or species specificity of

histones./



histones.

Previous to this time, Stedman & Stedman (1944)
had drawn attention to the existence of the
phenomenon of cell specificity by proving that in
salmon erythrocyte and liver cell nuclei the basic
protein corresponding to the protamine of salmon
sperm heads was a histone. With regard to species
specificity, the homologous basic proteins salmine,
clupeine, and sturine were regarded as being
chemically distinct by Kossel (1928) and no
reinvestigation of the chemical composition of these
substances has produced evidence to the contrary.

Largely as a result of the Stedmans' investigations
of the gross chemical composition of nuclei from
different kinds of organs froma large number of
species, the basic proteins are now generally
regarded as universal components of the cell nuclel
of animals, and probably also of plants., If this
is the case, and there seems little reason for
doubt, the phenomena of species specificity and
cell specificity of basic proteins assume considerable
biochemical importance.

The chromosome theory of inheritance is now
supported by a considerable body of eytological
evidence which has accumulated from studies of
meiosis and mitosis, and since, according to this
theory, the chromosomes are, apart from cases of
polyploidy, identical in number and structure
and/



and therefore in composition in every cell of an
organism, it is clear that such differences as exist
between different kinds of living cells must be
related to chemical differences in extra-chromosomal
material,

One would, moreover, expect such material to be
located in the mucleus rather than in the cytoplasm,
for in the former position it would be in closer
association with the genes and consequently more
able to influence their activity. The phenomenon of
the cell specificity of histones thus corresponds
with deductions which can be made directly from the
chromosome theory of inheritance.

Although genetics deals with rather superficial
characteristics, such as eye colour and skin colour,
it does not follow that only such characteristics
come under chromosomal control. Because of the
difficulty of crossing individuals from different
species, genetical evidence is largely derived from
studies of superficial character variations within
particular species, and cannot, therefore, be
expected to throw much light on the more fundamental
aspects of cell function., However, in any biochemical
interpretation of genetical control of even
superfieial cellular characteristics, one could
not avoid associating the part played by the genes
in controlling these with the control of the wider

aspects/



aspects of cell function., Moreover, the mumber of
characteristics now known to come under genetical
control is so large that it seems evident that the
only reason why genetical control of fundamental
aspects of cell function has not been demonstrated
is thalt genetical studies suffer from the inherent
limitations already mentioned.

Since the publication of the Stedmans' hypothesis,
Dr Stedman and Mr H. Cruft, working in this laboratory,
have found that the main histones for which species
and cell specificity had been demonstrated, actually
consist of two components, distinguishable by
different mobilities during electrophoresis.
Generally, each main histone has been found to
consist of a major component, and a minor component
possessing a slower mobility, and these have been
designated the 'main component' and the 'slow
component' respectively. An account of this work
has yet to be published.

It seemed possible that this discovery might
obscure the significance of the Stedmans' demonstration
of species and cell specificity since this had been
based on analyses of unfractionated main histones.
For example, it could be argued that the differences
in amino acid composition observed were due to the
presence of different proportions of the two
component histones in the different kinds of cell

miclei/



nuclei studied. Thus it became necessary to fractionate
several of the main histones into two electrophoretically
homogeneous components and to carry out analyses of

the pure components with a view to confirming the
evidence of cell and species speecificity presented

in the Stedmans' (1951) publication. In view of the
fact that the scope of the Stedmans' analyses was

rather limited, the only amino acids estimated
qQquantitatively belng arginine and tyrosine, it was

also considered necessary to use a method of analysis
covering a larger number of amino aecids. This

thesis is an account of the development of such a method
and its application to the analysis of histones.

The work falls naturally into several sections.
MacPherson (1246) published details of a method of
analysis of the three basic amino acids involving
the separation of the basic fraction from whole
protein hydrolysates as a preliminary step. The
recoveries hes quoted were so good that it was
decided to examine this method to see if it could
be satisfactorily applied to the analysis of histomes.
The first section of this work is thus an account
of experiments which were carried out using
MacPherson's technique in a slightly modified form,

It was concluded, as a result of these experiments,
that MacPherson's electrodialysis technique was
unsuitable for the author's purposes.

The/



The subsequent section deals with the development
of a method of analysis which is similar to
MacPherson's method in that the basie fraetion is
separated from the whole hydrolysate preliminary to
the estimation of the basic amino acids. But it
differs from this method in the important respect
that an ion exchange resin, Amberlite IRC-50, is
used for the separation of the basic fraction.
MacPherson's actual analytical methods have been
retained with minor modifications.

In Séction III there is an account of the
application of the method to the analysis of histones.
Since the main purpose of the work is the confirmation
of the phenomena of the species specifieity and cell
gpecificity of histones for electrophoretically
hbmogeneous histone components, results for the
analyses of the main component histones from different
types of cells from two different species are
presented. In addition, results of a number of
analyses of unfractionated main histones, slow
component histones, and the protamines salmine
and clupeine, have beeu given.

Since the scope of the analyticel method
developed is still rather limited, some work has
been carried out with a view to extending it to
include the acidic amino acids. The final section
has therefore been devoted to describing a few

experiments/



experiments which were designed to separate the
acidic amino acids from composite amino acid

solutions using the anion exchanger, Amberlite

IR"!:‘EB.



SECTION I

ELECTRODIALYSIS




INTRODUCTION

MacPherson (1946) claimed that he had
satisfactorily demonstrated that an electrodialysis
process he described was suitable for the
quantitative isolation of the basic amino acids
from hydrolysates of proteins, and that the final
catholyte obtained by this procedure contained
no other substance which would interfere with any
of the analytical methods employed.

The contention of Albanese (1940) that all
non-~-basic material could be eliminated by a
single electrodialysis run at a selected pH had
not been borne out by the work of Gordon, Martin
& Synge (1941), and MacPherson published results
indicating that at least three electrodialysis
runs were necessary to remove all non-basic N
from a composite amino acid solution containing
the three basic amino acids and a mono-amino
mono~-carboxylic acid fraction.

In the procedure described by MacPherson, a
protein hydrolysate or a test amino aeid solution
is subjected to four electrodialysis runs, the
first serving merely to remove hydrochloric acid
and the bulk of the non-basic N present, and the
remainder, in each of which the pH is initially
adjusted to 5.8, serving to remove the non-basic

amino acids quantitatively. Results are quoted

by/



by MacPherson for one test experiment with a
composite amino acid solution containing tyrosine,
cystine, glycine, arginine, histidine and lysine
and the recoveries he claims after only three runs
are 98.8%, 98.5% and 98,9% for arginine, histidine
and lysiﬁe respéctively. _The corresponding
recoveries after completion of & fourth
electrodialysis run were only 97.2%, 96.4% and
97.3% respectively. A consideratidn of tﬁese
figures makes it difficult to understand
MacPherson's motive in ineluding a fourth
electrodialysis run in his experimental procedure,
unless he suspected that his result for lysine,
obtained by difference from the total catholyte N
and the sum of the estimated arginine and histidine
N values, was erroneously high owing to the
presence of unremoved mono-amine mono-carboxylic
acids. However, the recoveries of basic amino
acids quoted above seemed sufficiently satisfactory
to warrant applying MacPherson's analytical
procedure to the analysis of histones. The
analytical methods used by MacPherson are discussed
in the appendix to this work.,

Since the paper in question includes no

satisfactory explanation of the inclusion of a
fourth/



fourth electrodialgsis run, it was resolved to try
out MacPherson's procedure on a series of composite
amino acid solutions of known composition, but to
omit carrying out a fourth run for each analysis.
Each run involved the risk of loss inherent in the
quantitative transference of the contents of the
cathode compartment of the electrodialysis apparatus
into a flask, a concentration in vacuo, and the
quantitative transference of the contents of the
flask back into the centre compartment of the
apparatus. Thus the total possible loss for a
procedure involving eveh three electrodialysis runs
seemed to the author considerable enough without
the inclusion of an unnecessary run.

The Section which follows is an account of
experimental work carried out on standard composite
amino acid solutions with the objeet of obtaining
recoveries of the basic amino acids of the same

order of accuracy as that reported by MacPherson.



EXPERIMENTAL -~ ELECTRODIALYVSID OF ANINO ACLD
Description of Apparatug

The apparatus was constructed of perspex, and
consisted of three U-shaped perspex compartments,
the central compartment having a capacity of 100 ml,
and the two end compartments each having a capacity
of about 60 ml. An exit tube was fitted to the
bottom of each compartment so that its contents
could be drained off completely when required.

Each end compartment was cemented to a substantial
perspex plate and the two plates were connected by
four brass bolts passing two on either side of the
three compartments. The bolts were threaded so
that they could be tightened until the central
compartment was held firmly in position by the
pressure of the two end compartments.

Formolised gelatin was used for the anode
membrane and vegetable parchment for the ecathode
membrane., It was found that when the membranes
were inserted between the compartments, no matter
how much the pressure on them was increased by
tightening the bolts, the compartments could not be
made water-tight, for liguid was able to leak
vertically down the membranes, However, it was
found possible to eliminate leaking by fitting the

edges of each membrane into a slotted rubber

gasket/



gasket shaped so as to fit between the two contiguous
surfaces of the two appropriate compartments.

The electrodes used were of thin platinum foil
and each had an area of 15 sq., cm,

General Procedure

The procedure followed was that described by
MacPherson, except that onky two electrodialysis
runs were carried out at an initial pH of 5.8.
During each run, the contents of the two outer
compartments were kept cool by circulating cold
water through filter tubes partially immersed in
the liquid and the contents of the centre compartment
were continuously stirred. A third run was not
included, as the number of manipulative operations
even in this simplified procedure is quite
considerable, and it is not evident from MacPherson's
results that the minute proportion of N removed
during his final run with a standard amino aéid

solution was, in fact, non-basic N.
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Experiment I - Electrodialysis of Composite Amino
\cid Solutd

It was intended to use the electrodialysis
procedure to isolate the two acidie amino acids
from protein hydrolysates as well as the basic
amino acids. It was hoped that if this could be
done quantitatively it would be a useful preliminary
step in their estimation. It seemed feasible that
within a certain range oir pH on the acid side of
neutrality and intermediate between the pI of
glutamic acid and that of tyrosine, which is the
most acidie of the mono-amino mono-carboxylic amino
acids, the acidic amino acids would tend to migrate
into the anode compartment while the mono-amino
mono-carboxylic acid fraction would tend to migrate
into the cathode compartment. For example, at pH 4,
beth aspartic and glutamic acids possess net negative
charges, while at this pH all the mono-amino mono-
carboxylic acids will possess net positive charges.
Provided there was no loss of acidic amino acids
during the first run, in which the pH is initially
very low, the quantitative isolation of the acidic
amino acid fraction uncontamineted by non-acidic
meterial seemed to be a possibility, for after the
removal of the basic fraction during the first run,
the contents of the anode and centre compartments
could be bulked end fractionation effected by
electrodislysis/



Solution A (Volume 250 ml,)
Amino Acid NZ of Theoretical N Dry Weight (mg.) mg.N/50 ml.

Arginine seseeeesce 98,4 2502 ' 15,84
Higtidine sseeeases 99,6 72.2 3.90
L,ys:ll-_ne ses s BB R D 98.5 304.1 7.66
(Dihydrochloride)
Glycine LR B B BT ) 99.0 263.9 9.‘?5
Aspartic Acid eses0s 98,0 360.6 7.44
Glutamic Acid eeee+ 98,6 394.4 5,93
(Monohydrochloride)
Calculated Total N/50 ml, 50.52 mg.
Calculated Basiec N/50 ml. 27 .40 mg.

Calculated Acidic N/50 ml. 13,37 mg.

Estimations on Solution A (mg.N/50 ml. Solution A)
Arginine N = 15.71 mg.
Histidine N= 3.86 mg.
Total N = 50.08 mg.



electrodialysis at a suitable pH.

Erocedure

Accordingly, an amino acid solution containing
all the basic and acidiec amino acids, and glycine
to represent a mono-amino mono-carboxylic acigd
fraction was prepared to simulate a protein
hydrolysate (Solution A). The weights of arginine
and histidine were so chosen that the proportions
of arginine N and histidine N would be approximately
the same as those known to be present in hydrolysates
of histones, The composition of this solution is
given in Table 1.

Since the total N value quoted depends on micro-
Kjeldahl estimations on all the individual amino
acids employed in the preparation of the solution,
this value was checked by carrying out micro-
Kjeldahl estimations on aligquots of the final
solution. The histidine and arginine contents of
this solution were also checked by MacPherson's
modifiication of the Pauly reaction and alkaline
hydrolysis respectively, and the values found agreed
within the limits of experimentel error with the
theoretical values.,

Since, during electrodialysis of a protein
hydrolysate, chlorine from the hydrochloric acid
used for hydrolysis is liberated at the anode, 2 ml.
N HCl1 were added to each aliquot of Solution A
to/



Aliquot 1. from Solution A
Estimated N (mg.)
Catholyte N = 32.74
Centre N = 3.23
Anolyte N = 10,08
Total N accounted for = 46.05
% N Recovery = 46.05/50.52 x 100%

= 92.1%

Table 2.



to be electrodialysed.

Aliquot 1. from Solution A:~ On electrodialysis of
one aliquot of Solution A, with a potential of 250 V.
the current rose to 270 m.amp. at one stage during
the first run, and finally fell to ca, 40 m,amp.
after three and a half hours. The contents of each
compariment were then collected separately and the
washings added to each. The fractions were concentrated
on the steam bath in vacuo, and the volume made to

50 ml. in each case. On estimating the N in each
fraction, results were obtained as given in Table

o

Aliquot 2., from Solution A:- A second 50 ml. aliquot

of Solution A was acidified and electrodialysed in
the same way, but during this run it was observed
that the current rose to as high as ca. 500 m.amp.
and finally fell to 40 m.amp, after two and a
quarter hours. The contents of each compartment
and washings were each adjusted to 50 ml. volume and
two further electrodialysis runs carried out on a
40 ml. aliguot from the catholyte fraction, at an
initial pH of 5.8. The pH adjustment was made by
titrating with 0.04 N HoS04, using bromoecresol
purple as an indicator. The contents of the anode
and centre compartments after each of these runs,
and the contents of the cathode compartment at the
end of the third run, were each adjusted to 50 ml.

volume/



Aliquot 2. from Solution A
Estimated N (mg./50 ml. Solution A)

50052 nla.- Total N e s el aple N 27.40 fﬂg.

| | N 34,60
Catholyte Centre Anolyte 2.62
34.360 2.62 9.88 0,88
47,10 mg.
| pH_5.8
1 26,87
6.20 0.65 0.71
6.20
465
pH 5.8 l 34,43 mg.
|
26.87 0.71 Trace

Total N recovered after lst. run= 47.10 mg.
% 1T Recovery = 47.10/50.52 x 100% = 93.1%

Total N recovered after 3rd. run= 34.43 mg.
% N Recovery = 34.43/34.60 x 100% & 29,5%

% Basic N Recovery = 26.87/27.40 x 100% = 98.0%
Estimated Arginihe N in final Catholyte = 14.85 mg., 14.72 mg.

% Arginine N Recovery= 93.75%, 92.9%

Table 3,



16.
volume,

All the fractions were analysed for total N
content and the diagram ineluded in Table 3.
indicates the N distribution found.

Discusgsion of Regults

Apparently there is a considerable loss of N
during the first electrodialysis run, for the sum
of the N accounted for after the first run was
considerably lower than the total N originally
present for both aligquots. It seemed reasonable to
assume that some decomposition had ocecurred owing
to oxidation of the acidic amino acids in the anode
compartment, where chlorine is liberated at the
electrode surface during the first run. This
assumption is wholly Jjustified when it is considered
that the diagram representing the N distribution
found after three runs with aliquot 2. indicates a
negligible loss of N during the second and third
runs, during which there is no evolution of chlorine
in the anode compartment.

It has been previously observed by Sperber (1946)
that such oxidative decomposition does, in fact,
ocecur and he has suggested a way of avoiding this
difficulty. Sperber described a technique in which
an ion exchange agent capable of absorbing the
acidic amino acids (Amberlite IR-4B), was placed
in the centre compartment together with the protein

hydrolysate/



Results: -~
Aliquot 3, from Solution A
Estimated N (mg./50 ml. Solution A)
Total basic N Recovery 26,63 mg.
% Basic N Recovery 26.63/27.40 x 100% 97.2%

Estimated Arginine N in final Catholyte 14.99 mg.
% Arginine N Recovery 14.99/15.84 x 100% 94.6

lable 4,

N Losses (mg./50 ml, Solution A)

Aliquot No,  Basic N Arginine N
2. 0.53 0.99
3. 0.77 0.85

Table 5.
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hydrolysate, thereby preventing migration of the

acidic amino acids into. the anode compartment. The
acidic amino acids could be subsequently recovered
by displacement from the resin with concentrated
HCl. However, Sperber's recoveries of the three
main fractions (basie, neutral and acidic) from
synthetic hydrolysates were so low (94-95%) that it
seemed to the author that there was 1ittlé to be
gained by adepting his modification of the
electrodialysis procedure.

Estimations of arginine N in the final catholyte
from aliquot 2. indicated a substantial loss of
arginine during the electrodialysis process (6-7%),
which was, at the time, rather surprising in vieﬁ
of the high apparent recovery of total basic N
(98%) .

‘This work was checked by electrodialysing a
third 50 ml. aliquot of Solution A. in the same
way and submitting the initial catholyte to two
further runs at an initial pH of 5.8, when a
similar poor recovery of arginine N was obtained.

Since the working loss of N involved in three
electrodialysis runs must be appreciable, it is
not easy to draw definite conclusions from the
results from this experiment, but since the actual
weight of basic I lost was in each case rather
less than the corresponding loss of arginine N,

it/



it can be said that the results are not inconsistent
with the conclusion that part of the loss of basic
N is due to the decomposition of arginine.
Accordingly, it was decided to electrodialyse a
welghed sample of arginine, so that the arginine

recovery could be studied independently of the other

bases.



Resulisg: -

Estimated N (mg./50 ml.)

Before Electrodialysis
After Electrodialysis

Recoveries

21.83 21.77
20,63 20,58
94:' 5%

94, 5%
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Experiment TT - IHleetrodialysis of Standard Arginine
Selution
E;:QQQQ‘U.I‘Q

A convenient weight of arginine (ca. 140 mg.)
was dried to constant weight over PoOs and the
volume made to 100 ml, with distilled water. Micro-
Kjeldahl and arginine N estimations were carried
out on aliquots of this standard solution and 50 ml.
of the remainder electrodialysed in the usual way.
The volume of the final catholyte was made to 50 ml.
after concentrating in vacuo and micro-Kjeldahl
and arginine N estimations again carried out.
Discussion of Results

The results indicate that electrodialysis of
arginine alone does not appear to alter the ratio
of arginine N to N as estimated by the Micro-Kjeldahl
method, as one might expect to be the case were
arginine being converted to ornithine with
accompanying production of urea or ammonia,

However, a possible explenation of these results
might be that ornithine, being less basic than
arginine, might be lost by diffusion from the
cathode compartment to such an extent that the N
loss ocecurring in this way would be sufficient to
c&mpensate for the ammonia loss responsible for the
reduction of the arginine value. This would mean
that during the whole electrodialysis process

something/



20.
something like one molecule of ornithine would be

lost for every molecule of ammonia escaping, which
does not seem very improbable.

Two other possibilities were that a substantial
working loss had occurred during the course of this
experiment or that the product of decomposition was
non-basic. It seemed unlikely to the author that a
non-basic compound could be produced as a result of
electrolytic decomposition of arginine, and it
scareeiy seemed pessible that the order of the
working loss could be as high as 5% since considerable
care had been taken with all the qﬁantitative
transferences., In addition, a total basiec N recovery
of 98% had been obtained in the previous experiment,
where the experimental procedure was the same.
Nevertheless, it was considered advisable to check
the order of the working loss involved in the whole
electrodialysis procedure by electrodialysing a

standard solution of lysine.



Resultg:-

Estimated N (mg./50 ml,)
Before Electrodialysis 17,56
After Electrodialysis _17.01

Recovery 96.%

Table 7,



Experiment ITI - Electrodialysis of Standard Lysine
Procedure

A convenient weight of lysine d@ihydrochloride,
which was found to lose no weight on drying in
vacuo over P20s5, was dissolved in water and the volume
made to 100 ml. Micro~Kjeldahl estimations were
carried out on suitable aliguots of this solution
and 50 ml, of the remainder electrodialysed in the
usual way. The volume of the final catholyte was
made to 50 ml, after concentrating in vacuo and the
N content again estimated,
Discussion of Results

A recovery of 96,9% of the original lysine N
can probably be regardéd as quantitative in view
of the number of operations imvolved in the whole
electrodialysis procedure, and this recovery is
much the same as that reported by MacPherson after
four electrodialysis runs with a synthetic
hydrolysate containing lysine (97.3%). A certain
loss of basic N by diffusion across‘the anode
membrane is no doubt inevitable, and small losses
are possible during the transference of the amino
acid solution into the centre compartment of the
electrodialysis apparatus, and on emptying the
cathode compartment after each electrodialysis run.

One concentration in vacuo is involved after each

of/



of the three runs and bumping is difficult to avoid
at these stages. This recovery of lysine N is of
the same order as the recovery of the total bases
obtained in the experiments on Solution A.

On the other hand, a recovery of only 94.5% of
the original arginine N is significantly low, as
were the recoveries of arginine N after electro-
dialysis of aliquots of Solution A. It was concluded
that there had been some decomposition of arginine
during the electrodialysis process, and it seemed
probable that this decomposition was related to the

high current densities obtaining during the first

run.

22
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DISCUSSION

Several conclusions can be drawn from the work
reported in this Seetion and although most of these
have already been adduced, some recapitulation is
thought to be called for here.

The electrodialysis procedure described by
MacPherson was not found to be suitable as a
preliminary to the estimation of the basic amino
acids because of appreciable destruection of arginine
at the current demsities involved; the loss
occasioned in this way, in addition to a working
loss of 2 or 3%, resulted in arginine recoveries
lower than couid be tolerated in the method of
amino acid anaiysis sought by the author. In none
of the experiments carried out was the recovery of
arginine N considered sufficiently high to warrant
using electrodialysis as a preliminary to the
estimation of arginine in protein hydrolysates.
Since the estimation of lysine in the method is by
difference from the total basic N and the sum of
the arginine and histidine N values, any error in
the arginine N value would be reflected by an error
in the dependent lysine value of a magnitude
depending on the ratio of arginine N to lysine N
in the protein analysed. Since this ratio is
fairly high for histones it would be particularly
unwise to use MacPherson's procedure in the analysis
of these proteins,

Tt/



It was also found that a modification of the
electrodialysis procedure of MacPherson, which the
author had envisaged with a view to separating the
acidie amino acids quantitatively, was impracticable
owing tp‘oxidative decomposition of the dicarboxylic
amino acids during the course of the first run. An
electrodialysis technique designed by Sperber (1946)
in order to avoid such decomposition was ruled out
because of the low recoveries of main fractions
reported by that author.

Stein & Moore (1951) have reported that large
losses of arginine occur during the electrolytic
desalting process of Consden, Gordon & Martin (1947),
and state that this loss is due to conversion of
arginine to ornithine. This electrolytic process
has the feature in common with electrodialysis
that the current densities involved are of the
same order of magnitude, so that loss of arginine
in this way during eleetrodialysis is a probability.

For these reasons, it was decided to attempt
to separate the basic amino acids from synthetic
hydrolysates by a method in which electrolytic

decomposition of arginine was not possible.

24,



SECTION II

FRELTMINARY WORK WITH AMBERLITE IRC-50



INTRODUCTION

Block & Bolling (1951) report that if Amberlite
IRC~-50 is adjusted to pH 4.7 with moler acetate
buffer, the basic emino acids may be Quantitatively
removed from a protein hydrolysate previously
adjusted to pH 4.7 with an anion exchanger such as
hmberlite IR-4B. The basic amino acids may then be
quantitatively eluted from Amberlite IRC-50 with
dilute mineral acid. Potentially, this appeared to
be a much more eleagant method of separating the
bagic amino acids than electrodialysis.

| Essential information, such as exhaustion flow
rates, regeneration flow rate, and the capacities
of the resin for arginine, histidine and lysine is
not given by Block & Bolling. It was therefore
decided to carry out several préliminary experiments
to determine a set of conditions suitable for
separating the basic amino acids quantitatively
from a histone or protamine hydrolysate, or from a
composite amino acid solution simulating a histone
hydrolysate. This Section is essentially a record
of these experiments.

After the complete experimental details of a
method of separating and analysing the basic amino
acids had been worked out further information
regarding Amberlite IRC-50 became available from
various sources. As a result, the experimental

procedure/
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procedure adopted in the earlier work has been
slightly modified in the later experiments,

Owing to a misconception of the nature of the
ion exchange mechanism of Amberlite IRC-50 it was
not initially appreciated that the buffering
capacity of the resin itself was adequate for
stabilising the pH of the ambient phase. The
initial experiments were, in fact, based on the
assumption that the exchange of the amino acids
would be with the hydrogen form of the resin, and
thet hydrogen ions would be liberated into the
solution during the exchange process. With a view
to stabilising the pH in the ambient phase, it was
therefore decided to wash the amino acid solutions
through the columns with N acetate buffer pH 4.7.
This practice was subsequently found considerably
to reduce the capacity of the res;n for the basie
amino acids. Nevertheless, the method proved
quite satisfactory for the object in view, namely
the quantitative separation of the basic amino
acids and it was, in fact, used with satisfactory
results in the analysis of several histones. During
the course of the work, it was found convenient to
reduce the concentration of acetate buffer used
for washing in order to minimise the solid content
of the buffer wash fractions. When, later, it was
discovered that the use of 0.1 N acetate buffer
for/
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for washing was superfluous it was replaced by

water.
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EXPERTMENTAL
Experiment I - Retention of Arginine by Amberlite

IRC=20

It was decided first to test the capacity of
columns of Amberlite IRC-50 of various dimensions
in order to find the minimum size of column which
could be depended on to retain the maximum weight of
basic amino acids likely to be contained in the
protein hydrolysates to be employed for analysis.

A rate of fiow of 20 ml./hr. was arbitrarily selected
for the experiment to be described.

Since the presence of arginine can easily be
detected, even in trace quantities, by the Sakaguchi
reaction, the first experiment was designed to test
the ability of columns of various dimensions to
retain arginine.

Procedure
Four columns of the following dimensions were
empldyed:-
¢i) 10 x 1 ecm.
(I1) I35 % 1 ons
(111) 15 x 1.5 cm:
(iw) 20:x 1.5 ¢m.

The volume of resin in the smallest column (i)
was measured and found to be approximately 2.5 ml.,
s0 the exhaustion flow rate for the resin in this
column corresponding to a flow rate of 20 ml,/hr.

for/



for the column as a whole, is 0.134 ml./min./ml.
of resin.

The Rohm & Haas Company, Philadelphia, PA.,
have quoted equilibrium flow rates of 0.134 ml./min.
/ml, and 0,268 ml./min,/ml. respectively, for the
free acid and sodium forms of the resin. Thus the
flow rates for all the columns used in this

experiment are comfortably less than the

equilibration flow rates for both forms of the resin.,

The volume of resin in the largest column (iv) was
found to be 13 ml.

Bach column was filled to 2.5 cm. from the top
with the resin and washed with 200 ml, N acetate
buffer pH 4.7, by siphoning the buffer slowly
through the column, The resin was then left in
contact with the buffer solution overnight.

since it was intended to use ca. 100 mg. of
histone for each analysis, it was necessary to
prepare a solution of arginine of such a
concentration that the weight of arginine in the
volume of solution to be tested would be in excess
of that found in a hydrolysate from 100 mg. histone,
The arginine solution prepared contained ca. 250 mng,
arginine in 100 ml. solution and 25 ml. aliquots
of this solution were used for each columm. Since
100 mg. histone will usually contain 10~-15 mg.

arginine, the solution prepared contained more

than/
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. than four times the amount of arginine likely to
be encountered in a hydrolysate from 100 mg. histone,
for each 25 ml. of solution. Since, in the
hydrolysis of 100 mg. quantities of histone, 7 mil.
volumes of 7N HCL are used, 28 ml. of 7N HCl were
added to the arginine solution before making to
the 100 ml. volume,

The procedure followed for each column was as
follows:~ A 25 ml. aliquot of the arginine solution
was concentrated in vacuo nearly to dryness two
times, the solution transferred into a 50 ml.
beaker, and the pH adjusted to 4-6 by adding
successive small quantities of Amberlite IR-4B
previously comverted into its basic form by washing
with NaOH and distilled water. Changes in pH were
followed by removing small volumes of solution
with a capillary tube and testing with 'Universal!
indicator paper. The solution was then decanted
into a 50 ml. separating funnel containing a glass
wool plug and connected to the top of the column
by means of a 'Quickfit' joint. The residual resin
was washed with successive small volumes of N
acetate buffer, pH 4.7, and washings transferred
to the funnel.

The solution was then washed through the
column with N acetate buffer at a rate of flow of

ca. 20 ml./hr. until 200 ml. of effluent had been

collected./



Besultg:-
Runs with 25 ml, Volumes of Arginine Solution
tadns 5.5 \poeri nd i

Sal i Resets

Strongly positive deded4e
Legend 4 Positive +
Trace 3

Column Dimensions (cm.)

I\T HC1l Eluate 2.

Fractions (50 ml.) (1) (ii) (iii) (iv)
Wwx1lisx1l 15x 1.8 20x 1.5
Buffer Wash 1. +++ S - —
" "o sk | wib 4 =
" i 3. & +++ -+ -
l‘ - 4. - + — +
N HC1l Eluate 1. 4+ + ++ + 4+
- o o+ + +




collected. The column was finally eluted with 100 ml.
N HC1L at the same rate of flow, The buffer wash
from the column was collected in four successive
50 ml, fractions and the eluate in two 50 ml.
fractions., Each fraction was concentrated in wvacuo
and its volume adjusted to precisely 25 ml., a
procedure which has been adhered to in all subsequent
work. On testing the various fractions for the
presence of arginine by the Sakaguchi reaction and
comparing the colours produced with a reagent blank,
' results were obtained as shown in Table 8.
Discugsion ef Results

The results obtained indicate that only the
columns (iii) and (iv) contained a sufficiently
large volume of resin to retain the bulk of the
arginine. The results for colums (i) and (ii)
clearly indicate that the bulk of the arginine has
migrated down the columns at the buffer wash stage,
and in all the columns there has evidently been
continuous displacement of a substantial proportion
of the arginine, the remainder being more or less
firmly held until the elution stage, The effect
of increasing column size was not to eliminate
displacement of arginine but merely to delay it by
increasing the length of the resin column relative
to the volume of the buffer wash collected. The
fact that the results for columns (iii) and (iv)
indicate that there was migration of a smaller

proportion/
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J2.
proportion of the arginine at the buffer wash

stage than occurred with columms (i) and (ii)
suggests that the amount df arginine firmly held
by the resin is directly related to the resin
volume, so that the amount of arginine available
for displacement is less in the case of the two
larger columns. The results certainly demonstrate
that only a proportion of the arginine is displace-
able at the exhaustion flow rates used, which, as
has already been pointed out, are well within the
equilibration flow rates for both the sodium salt
and free acid forms of the resin.

The fact that the first 50 ml. fractions of the
eluates from columns (iii) and (iv) contained
most of the arginine in the total eluates seemed
to indicate that 100 ml. N HCl was adequate to
elute all the arginine from the columns,

Since for column (iv), the fraction of the
arginine moving down the column at the buffer wash
stage was only represented by a trace Sakaguchi
reaction in the fourth buffer wash fraction, a
further experiment was designed as follows to
confirm that migration of arginine was actually

taking place in this column,



33.
Experiment TT - Retention of Arginine by Amberlite

LIRC=50

The procedure for this experiment was essentially
a repetition of the procedure of the previous
experiment for the run with column (iv), but in this
case a fifth 50 ml., fraction of buffer wash was
eollected and O.1 N HCl was used in place of N HCIL.
Tt was hoped that by using a greater dilution of
HC1l, the distribution of the arginine in the eluate
fractions would be related to the arginine
distribution at the buffer wash stage, and hence
confirm the displacement of arginine at that stage.
Procedure

Column (iv) was washed with a further 50 ml. of
N HCl1l and this wash was concentrated in vacuo and
the volume adjusted to 25 ml., On testing the wash
by the Sakaguchi reaction, a negative result was
obtained, so the resin was apparently free from
arginine. The pH of the column was then readjusted
to pH 4.7 by washing with 200 ml. of N acetate
buffer as before.

A second arginine solution of approximately the
same concentration as before (2.5 mg./ml.) was
prepared and the procedure followed in the previous

experiment repeated, with the difference that

in this case, five 50 ml. fractions of buffer
wash/



Rate of Flow - ca, 20 ml,/hr.
hi

tion

Fractions (50 ml.)

Column (iv)
(13 ml. resin)

Buffer Wash 1.

g ke —
" . 3. —
& LI —
. - 5. ++4
0.1 N HC1
Eluate 1. +4+ +
! <> + +
" 35 +++
i 4, o
z 5. e




wash were collected. The column was then eluted with
250 ml. of 0.1 N HCl1l and the eluate collected in
five successive 50 ml, fractions,

iscussi su

The fact that all the arginine appeared to be
eluted from the column by 200 ml, of 0.1 N HC1l
corresponded with a statement by the Rohm & Haas
Company that two milliequivalents of O.1 N HCl/ml.
of resin effect complete displacement of arginine,
histidine, and lysine.,

It was evident from the results presented in
Table 9. that a proportion of the arginine had been
tracking down the column during the course of the
buffer wash stage. The beginning of the arginine
front was indicated by the intense positive
Sakaguchi reaction obtained with the fifth buffer
wash fraction. The bulk of the remainder of the
arginine displaced by the sodium ions in the mobile
phas@kappeared to be present in the first eluate
fraction and the firmly held arginine was
distinguished from the arginine which is displaceable

by/

1hit was not appreciated at the time this
experiment was carried out that this displacement
was due to the presence of sodium ions in the

mobile phase.




by sodium ions by the fact that there was evidently
considerably less arginine in the second eluate
fraction than in the first and third fractions.

Despite the movement by displacement of a
proportion of the arginine down this column, it
seemed likely that it would be feasible to effect
& separation of arginine from the non-basic amino
acids with a column of this size, for it seemed
possible that 150 ml. of buffer wash would be
sufficient to wash all the non~basic amino acids
from the column.,

Accordingly, in the next experiment with a
composite amino acid solution containing the three
basic amino acids and a non-basic fraction, column
(iv) was used and elution carried out after the
collection of only 150 ml. of buffer wash.

Column (iv), or a column of identical dimensions,
has been used in all subsequent work with Amberlite

IRC-50.

35,



36.

Experiment IIT - Retention of Basic Amino Acids
by_Amberlite TRC-50

In the preparation of a composite amino aecid

solution to be used to test the retention of the
basic amino acids by Amberlite IRC-50, it was
thought advisable to use concentrations of basic
amino acilds greater than those likely to be
encountered in hydrolysates of histones, assuming
an approximate weight of 100 mg. histone per analysis.
It was found convenient to use the following
approximate weights of amino acids for each 25 ml.
of composite amino acid solution prepared, 25 ml.
being the volume of composite solution used for
each run on the column,
ca., 30 mg. arginine
ca. 25 mg. lysine dihydrochloride
ca. 5 mg. histidine
ca. 50 mg. glycine
The corresponding weights of basic amino acids
present in 100 mg. histone are:-
ca. 11 mg. arginine
ca. 17 mg. lysine dihydrochloride

(The equivalent)
ca. 2 mg. histidine

Procedure

A composite amino acid solution (volume 100 ml.)
was prepared containing approximately the above

weights of amino acid per 25 ml. solution. Before

making/
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making to volume, 28 ml. of 7N HCLl were added te

represent the HCl1l used in the hydrolysis of histones.
A 25 ml, aliquotl of this solution was concentrated
in vacuo three times and the pH adjusted to 4-6 with
Amberlite IR-4B. The solution was then introduced
-into a dropping funnel leading into the column, and
washings of the residual resin with 0,1 N acetate
buffer, pH 4.7, added. A rate of flow of ca. 20 ml.
/hr, was used as in previous experiments, and three
50 ml. fractions of 0.1 N acetate buffer wash
collected, i.e. sufficient 0.1 N acetate buffer was
used to wash the residual Amberlite IR-4B to make
the total buffer wash volume 150 ml. It was thought
inadvisable to colleet a fourth 50 ml., fraction of
buffer wash in view of the fact that a trace of
erginine had been detected in the fourth buffer
wagh fraction in Experiment I. The Sakaguchi
reaction is so very sensitive that the amount of
arginine present in this particular fraction must
have been very small, possibly quantitatively
insignificant, but at the time this experiment was
carried out, it was considered necessary 1o use a
smaller volume of buffer for washing since the
amino acid solution used contained the less strongly
bagic histidine. In actual fact, as Experiment VI
will later show, it would have been quite safe to
collect up to 200 ml, of 0.1 N buffer wash as the

reduction/



reduction of the normality of the acetate buffer
used for washing in this experiment greatly reduces
the displacement of the basic amino acids by sodium
ions.

Although the previous experiment indicates
that O,1 N HC1 is too dilute for use as a convenient
eluting agent (200 ml, of 0.1 N HCl were required
to elute arginine quantitatively), 0.1 N HCl was
used to elute in this experiment because it was
again required to study the behaviour of arginine
and histidine at the buffer wash stage. The use of
N HC1 for elution would have caused most of the
arginine and histidine to be eluted in the first
50 ml. of eluate,

Five 50 ml. fractions of O.1 N HCl were collected
and it was found that both the arginine and histidine
were distributed among the first four fractions of
the eluate. It was assumed that the distributions
found were a reflection of the corresponding
distributions of arginine and histidine at the
buffer wash stage.

As in previous experiments, each 50 ml. fraction
of buffer wash and eluate was concentrated in vacuo
and the volume adjusted to 25 ml. before testing
for arginine, but since, in this experiment histidine
was tested for by MacPherson's modification of the
Pauly reaction, and this method is sensitive to

variations/
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Regultg: -

Run with 25 ml, Volume of Composite

Amino Acid Solution
Rate of Flow - ca. 20 ml,./hr,

Colorimetric Reactions with Amin id
Fractions (50 ml.) Arginine | Histidine| Glygcine
Sakaguechi| Pauly Ninhydrin

0.1 N Buffer Wash 1. e — o b e

1} n "n 2‘ - o + ++

1" n n 3. — i +
0.1 N HC1l Eluate 1. = oo o+ +

n " " 2. + +* —

i 1] " 3. + ++ —

g ! T A bt +++ —

1] ] " 5. rmiy — o




variations in pH, each fraction was adjusted to pH
5=7 by titrating with 0.5 N NaOH before making to
volume. On testing the buffer wash fractions for
arginine, histidine and glycine, results were
obtained as given in Table 10.

Details of the amino acid tests carried out are

included in the Appendix.
Discussion of Results
The results indicate that 150 ml. of buffer
wash seems to be sufficient to wash all the glyeine
of £ the column, since most of the glycine appears
in the first two 50 ml. fractions of the wash. Also,
since neither arginine nor histidine was detected
in the first 150 ml. of buffer wash, it appears
that it is possible to separate these amino acids
quantitatively from glycine by colleeting only 150 ml,
of buffer wash. However, since there was a trace
ninhydrin reaction given by the first fraction of
the eluate only, and no corresponding reaction with
any of the other eluate fractions, some of which
undoubtedly contained higher concentrations of the
basic amino acids, it seemed likely that this trace
ninhydrin reaction was due to a little unremoved
glycine. It was hoped that the amount of glycine
involved would be quantitatively insignificant.
Experiment V, which includes micro-Kjeldahl

estimations of I on the eluate fraction was designed
largely/
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largely to resolve this difficulty.
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Results:~

Run with 25 ml, Volume of

Composite Amino Acid Solution
Rate of Flow - ca. 20 ml./hr.

r ri ti t
Fractions (50 ml.) Arginine Histidine | Glycine
Sakeguchi Pauly Ninhydrin
| 0.1 N Buffer Wash 1. - o o e
1 1 i =P — — o+ -+
1] " n 3. — e +
N.HC1 Eluate L o oo oo b e -+
1 1 Se + ++ + ++ —
" i 3. - = =
b - 4, i s =

Table 11,




Experiment TV - Retention of Basic Amino Acids
It was decided to confirm the findings of the
previous experiment that no arginine or histidine
wefe lost from the column in the first 150 ml. of
buffer wash, by repeating the procedure up to the
elution stage with a second 25 ml. volume of
composite amino acid solution, and then eluting
with N HCl. Four N HCl eluate fractions were
collected in successive 50 ml. portions,.

Discussion of Resultis

The results confirm that 100 ml. N LCl is
sufficient for quantitative elution of the basic
amino acids, and, as in the previous experiment, a
trace ninhydrin reaction was given by the first
eluate fraction.

The behaviour of lysine on the column was not
followed because there is no convenient way of
testing for lysine colorimetriecally, but it was
presumed that, as the isoelectric point of lysine
(2.7) is close to that of arginine (1C.8) and
greater than that of histidine (7.6), its behaviour
on the column will be similar to the behaviour of
arginine. It is not an unreasonable assumption
that any experimental procedure suitable for the
quantitative separation of both arginine and
histidine from the non-basic amino acids will also
be suitable for the quantitative separation of

lysine.
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Lxperiment V - Separation and Recovery of Basic
Amino Acids from Composite Amino
Acid Solution
This experiment was designed to confirm that
the conditions used in Experiment IV could be
used for the separation of the basie amino acids
from glyecine. Presumably, if the basic amino acids
can be separated from glycine under these conditions,
they will also be separated from the acidiec amino
acids, as well as from the other mono-amino mono-
carboxylic acids contained in any protein hydrolysate,
The methods of estimation of the basic amino
acids employed are those described by MacPherson,
except that Stedman's (1951) modification of
Plimmer's method is used in the estimation of
arginine.
—Procedure
The column was adjusted to pH 4.7 in the usual
way, and washed with 150 ml. of O.1 N acetate
buffer, pH 4.7, to simulate the conditions obtaining
during a buffer wash. The column was then washed
with 100 ml. of N EC1l and the acid wash concentrated
to és ml, Micro-Kjeldahl estimations on 2 ml.
aliguote of this solution indicated that no
appreciable amount of N was washed off the column
by 100 ml. of N ECl, the N in each aliquot
corresponding to only about 0.03 ml. of O.01 N HCI.
The/



Solution 1, (Volume - 100 ml,)
Amino Acid N% of Theor, N Dry Weight (mg.) Mg.N/25 ml,

Arginine 98.4 118.0 9,34
Histidine 99,6 32.4 2.12
Lysine ©8.5 922 2.90
Dihydrochlor.

Glycine $5950 ca. 200

Total Basic N/256 ml. aliquot 14.43 nmg.

Estimations on Solution 1, (mg. N/25 ml, Solution 1,)
Arginine N = 9,3

Histidine N=2.18

Table 12,
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The pH of the column was then readjusted to 4.7 with
I acetate buffer.

A standerd composite amino acid solution, volume
100 ml., was prepared from the dry weights of amino
acids given in Table 12. 28 ml. of 7 N HCl were
added as before, in order to represent the HCl used
in the hydrolysis of an amount of histone roughly
corresponding to the amino acid content of the
solution.

The composition of this amino acid solution was
checked by estimation of histidine, arginine and
total N, and a 25 ml. aliquot of the solution was
adjusted to pH 4-6 with Amberlite IR-4B and run
through the column using essentially the same
conditions as in Experiment IV. Three 50 ml.
fractions of 0,1 N buffer wash were collected and
the column was finally eluted with 100 ml., of N HCI.
Before readjusting the pH of the column to 4.7 in
readiness for further use, the column was washed
with a further 50 ml. of N HCl. The eluate and
this final acid wash were then concentrated in
vacuo and the pH of each adjusted to 5-7 before
making to 25 ml. volume.

As in previous experiments, the buffer wash
fractions were each tested for the presence of
arginine, histidine and glyeine, and the same tests

were applied to the final acid wash.,

Arginine,/



Results: -

Rung with 25 ml, Aliquets of Compogite
Amino Acid Solution 1.
Rate of Flow - ca. 20 ml./hr.

Fractions (50 ml.) Arginine Higtidine | Glycine
Sakaguchi | Pauly Ninhydrin
" 1n "
= - |+ ++
T 1] 1] 3. — +
Column eluted with
100 ml. N HC1 Eluate untested
N HC1l Wash — — s

on Eluate Fractions (mg. N/25 ml.)
Aliquot 1., Aliquot 2.

Estimation
Total Basic N

Arginine N
Histidine N
ILysine N

14.© 15.4
- 9.6
- 2.17
- 3.6




Arginine, histidine and total X were estimated
in the eluate and the values obtained for the
three basic amino acids on the basls of these
estimations compared with the quantities present
in the original solution. The entire process was
repeated with a second 25 ml. aliquot of Solution 1.

si £ ult

When the total N of the eluate from the first
aliquot from Solution 1. was estimated it was
- found to be considerably higher than the original
basic N content. It was assumed that the extraneous
N was due to the presence of unremoved glycine
and the rest of the eluate was discarded; thus
individual results for the basic amino acids are
not quoted for the first aliquot from Solution 1.
When a high recovery of total basie N was obtained
for the second aliguot, it was evident that
something was seriously wrong with the experimental
procedure. However, estimations of arginine and
histidine were proceeded with in the hope that the
results would throw some light on the source of
the extraneous N. High recoveries of arginine N
were obtained, although histidine appeared to be
recovered quantitatively.

Sinee in Experiments III and IV a trace
ninhydrin reaction had been obtained for the first

50 ml./
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50 ml. fraction of the eluate it seemed a possibility

that the high values obtained for basiec N recovered
in the eluate fractions were partly due to the
presence of unremoved glycine. It was clear,
however, that the high value for arginine X
recovered could not be accounted for in this way,
since glycine is not decomposed under the conditions

used in the estimation of arginine by alkaline
hydrolysis.



Results:-

Run with 25 ml. Aligquot of composite
A Acid Soluti 1
Rate of Flow - ca. 20 ml,/hr.

t t wi 1 i
Fractions
0.1 N Buffer Wash Arginine Histidine | Glycine
Sakaguchi | Pauly Ninhydrin
Volume (ml.) |No, ‘
= - - +++
50 2 = — * 4+ 4
20 3. - - —
20 4, - " —
20 S — st —
Column eluted with
100 ml. N HC1 Eluate untested
N HC1l Wash wa = —

Table 14,




Experiment VI - Separation and Recovery of Basic
Amino Acids

Although the high values of basic N recovered
obtained in the previous experiment could not have
been entirely due to the presence of unremoved
glycine, it was resolved to attempt to eliminate
all risk of incomplete removel of glycine in the
buffer wash by collecting a greater volume of O.1 N
buffer wash, so that the glycine would be more
effectively washed off the column.
Erocedure

The column was prepared in the usual way and a
third 25 ml. aliquot of Solution 1. used for a
further run at pi 4.7. In this experiment, 210 ml.
of buffer wash were collected in all, in five
fractions as indicated in Table 14., the last €0 ml.
of this volume being collected in three successive
o0 ml. fractions. The column was then eluted with
N HC1l, washed with a further 50 ml. N HC1l, and its
pH adjusted to 4.7 in readiness for further use.

The fractions collected were made to 25 ml.
volume and separately tested for the presence of
arginine, histidine and glycine in the usual way.
In addition, arginine I, histidine and total basic
N estimations were carried out on suitable aliquots
of the eluate. The results obtained are included

in the summary of results obtained for the three

separate/



summary_of N Recoveries obtained for Solution 1.

(mg. N/25 ml, Solution 1.)

Solution 1. Recovered
Estimation iquot No.
Calculated | Estimeted 10 ot S
Total Basic N 14,43 - 14,9 15,4 15.4
Histidine N 2.19 2.18 - 2l ®a il
Lysine N 2.90 - - 3.6 3.4
L |




separate runs so far carried out on three 25 ml.
aliquots of Solution 1., which is given in Table 15,
Discussion of Results

The results obtained in this experiment confirm
The conclusion that the presence of unremoved
glycine in the eluate fractions could not be
entirely responsible for the high values obtained
for basic N recovered, for the results in Table 14.
indicate that all the glycine was removed in the
firet 150 ml, of the buffer wash. The recoveries
of pasiec N and arginine N are so high as to be well
outside the limits of experimental error, and since
similar high recoveries of basic N were obtained in
the two previous runs on different aliquots of
Solution 1. it is probable that for the two previous
aliquots, the bulk of the extraneous N wag not due
to unremoved glycine. Nevertheless, it was decided
to,continue to colleet 200 ml. buffer wash in
future work in order to ensure complete removal
of the non-basic fraction.

The only conceivable source of extraneous N
now seemed to be the resin Amberlite IR-4B which
was used to adjust the pH of each aliquot to 4-6
before introduction into the column. In order to
determine whether this resin was the real source,
a quantity of Amberlite IR-4B, approximately equal
to the quantity used in adjusting the pH of 25 ml.

Solution 1./
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Solution 1., was washeq with 25 m1, ¥ HCl, the resin

filtered off, and the volume taken to 25 ml, Miecro-
Kjeldahl estimations on 2 mi, aliquots of this
solution indicated the Presence of a substantial
amount of N derived from the resin, e.g. when 10 g
of Amberlite IR-4B were stirred with 25 ml. ¥ Hel
for five minutes, 1.7 mg. N was recovered from the
filtrate,

Thus concentrations of derived from Amberlite
IR-4B were likely to be large in relation to the
amino acid N concentrations present. Accordingly,
it was decided to discontinue using Amberlite IR-4B
for pH adjustment, and to use in its place 0.5 N
NaOH. This modification suffers from the disadvantage
that additional sodiummions are introduced into the
system during the buffer wash stage. However, if the
aliquot of standard amino acid solution or protein
hydrolysate is twice concentrated in vacuo almost to
dryness, the volume of 0.5 N NaOH required to adjust
the pH to 4-6 amounts to only a few ml. Certainly,
the sodium ion soncentration in the resulting
solution will not approach 0.5 I"fr so, since
Experiment II, which involved washing with N acetate
buffer in which the sodium ion concentration is
approximately 0.5 M, indicated no appreciable loss
of arginine in the buffer wash, the increased

sodium ion concentration occasioned by this

modification/



in experimental procedure would not be likely to
affect the separation adversely. Nevertheless,
this has not been taken on trust, and in the
following experiment involving pH adjustment with
O.5 N NaOH, all the N in 25 ml. aliquots of a
standard composite amino acid solution is finally

accounted for as the N of its particular amino acid.

*

adjustment of protein hydrolysates with 0.5 N NaOH

In all experiments in this work involving pH

the volume of alkali used has been noted. In no
case did the volume exceed 20 ml. Subsequent
procedure invariably consisted in adjusting ihe
volume to 30 ml., 40 ml., or 50 ml., and taking a

25 ml, aliquot of the resulting solution for the
column runs, Thus the maximum concentration of
sodium ions which could be present at the buffer
wash stage in any run is 10 x 25/30 milliequivalents

in 25 ml., i.e. M/3.

49.



Solution 2. (Volume 100 ml.)

Amino Acid % of Theor, N Dry Weight (mg.) Mg. N/25 ml.

Arginine ........;.. 98.4 89.3 7.03

Histidine ceveeseccese 99.6 34.8 2035

Lyeine cecoccscsscnee 98,5 101.0 3.18

(Dihydrochlor.)

Glycine ecssesscscces 99.0 193.4 2,03
Calculated Total N/25 ml. 21.49
Calculated Basic N/25 ml. 12,56

Estimations on Solution 2., (mg. N/25 ml.)

Arginine N &= 6,95
Histidine N= 2.35
Total N = 21.4

Table 16,
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Zxperiment VIT - Recovery of Basic Amino Acids from

Composite Amino Acid Solutions

In this experiment it was decided to attempt to
account for all the N present in the original 25 mil.
aliquots of amino acid solution by analysing all the
buffer wash fractions for N, in addition to ecarrying
out all the tests and estimations included in previous
experiments on the eluate fractions.
Erocedure

Another standard composite amino acid solution was
prepared from known dry weights of amino acids. Since
it was intended to account for glycine N quantitatively,
the glyecine component was, in this case, weighed
exactly before meking the solution to wvolume.

As in the preparation of Solution 1., 28 ml. of
7 N HC1 was added to represent the HCl of hydrolysis.
The pH of a 25 ml. aliquot of Solution 2. was
adjusted to 4-6 by concentrating in vacuo twice and
titrating with 0.5 N NaOH. The volume was made to
ca., 30 ml. and the solution introduced into the
column. Four 50 ml. fractions of buffer wash were
collected and 100 ml, N HC1l was used for elution
followed by a further 50 ml. N HCIL. Arginine,
histidine and glycine were tested for in the four
buffer wash fractions and micro-Kjeldahl estimations

were also carried out on suitable aliguots of each

fraction (2 ml.) after it had been made to 25 ml,

volume./



Resultsg:-

Run with 2nd 25 mil,

ino Aci

Rate of Flow - ca. 20 ml./hr.
s (o fanni ik i Acid

Aliquot of composite

Fractions (80 ml.) |Arginine | Histidine | Glycine | Mg, N

0.1 N Buffer Wash 1. — . N 0.55
n " i 2. — — +++ 5.84
111 1 " 8. s e + + 1.76
" 1 1 4, -— pmn e 0.23

Column eluted with

100 ml. N EC1 Eluate untested 12,43

N HCl Wash - — o o

Total Glycine N accounted for 8.38 mg.

Table 17,




volume,

The basic amino acids were estimated in the
eluate in the usual way, and the whole procedure
repeated with a second 25 mil, aliquot of Solution 2.,
but ommitting the tests for arginine, histidine and
glyeine. Since, when these tests were applied +o
the buffer wash fractions corresponding to the
first aliquot of Solution 2¢y the expected results
were obtained, it was considered unnecessary to
repeat the tests in the work on the second aliguot.
Discugsion of Results

Although both the values obtained for total glycine N
(Tables 17. & 18.) recovered are considerably low,
these low recoveries were not considered to be of
much significance. The possible experimental error
involved in arriving at these values was undoubtedly
high, for each value depended on four individual
estimations of N (on the four buffer wash fractions),
and the quantities of N present in some of these
fractions were so low as to make their accurate
estimation impossible. kIt is evident from the
results however, that the glycine was distributed
throughout the buffer wash in much the same way in
the two runs carried out. In each case, nearly all
the glycine N was found to be present in the second

buffer wash fraction and only a trace was present
in the fourth and final fraction.

The/ /‘g‘éﬁ_f—_iﬁ ;ﬂ\\
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Resultg:-

Run with 2nd 25 ml, Aliquot of composite

Eractions (50 ml.) Mg, N
O.1 N Buffer Wash 1. eceesccssessccscsscses 1s19
" L L 2il wesssussnees eyt osne Tvah
" " gL s es & bl sise (0407
" L B 4L s seneei aeisns s e 0a04

Total Glycine N accounted for = 8.54 mg.
Total Basic N accounted for = 12.43 mg.

Table 18,



92,
The recoveries of arginine N and total basie N
are satisfactory, the losses being within 1%.
Recoveries of histidine N are less satisfac%ory,
but such is the slope of the calibration curves
used in determining histidine, that the method is
probably not capable of accuracy within 2%. Lysine
N values are obtained by difference from £he total
basic N, out sinece the amount of lysine N present
1s only about a quarter of the total basic N, the
lysine values calculated in this way will carry
about four times the percentage error of the total
basic N estimation as well as the errors of the
erginine N and histidine estimations on which the
lysine N values depend.
Van Slyke Nitrogen Pistribution Method:- As a check
on the accuracy of histidine estimations on basie
fractions it was resolved to make use of the Van
Slyke Nitrogen Distribution Method. This method
has been out of vogue for many years largely because
it has been previously &pplied to analyses of basic
amino acid fractions separated from protein
hydrolysates by phosphotungstic acid precipitation,
and precipitation of the basic fraction is incomplete
when this reagent is used. In addition, cystine is
precipitated along with the bases and its presence

in the basic fraction is a aseriocus drawback. The

fact that the significance of amino N values

okttained/



Results:-

Summary of N Recoveries obtained

for Solution 2, (mg. N/25 ml. Solution 2,)
Solution 2. Rggovered

Estimation Calculated| Estimated Mi?ﬂ ¥ TI;.'
Total Basic N| 12.56 - 12.2 | 12.4
Arginine N 7.03 8.95 6.89| 6.99
Histidine N 2.35 2,35 2.27] 2.30
Iysine N 3.18 - 3.3] 34
Glyeine N 8,93 2 8.4 | 8.5

Table 19,




8.3,

obtained for pPhosphotungstic acig precipitates is
further reduced because of decomposition of cystine
during acid hydrolysis makes the Van Slyke Nitrogen
Distribution Method of little value when applied to
basic fraction obtained in thig way .

The quentitative separation of the basic amino
acids uncontaminated by cystine makes their accurate
estimation by the Van Slyke Method a possibility,
and since the results obtained in Experiment VII
indicate that this may be readily achieved by using
a column of Amberlite IRC-50, it was decided to use
the Van Slyke Method as a check on the values for
lysine and histidine obtained by the methods already
described.

The details of experimental work carried out with
the Van Slyke apparatus and a discussion of the N
Distribution Method as applied in anzlyses described
in this work are given in the Appendix.

The next Experiment, which is the last in this
Section, is essentially a repetition of Experiment
VII with the difference that estimations of amino N
are carried out on the original composite amino acid

golution and the Van Slyke N Distribution Method is

applied to the eluate fraction.



Solution 3, (Volume 100 ml.)

Amino Acid N% of Theor,N Dry Wt., (mg.) Me.lN/25 ml., Mg. emino N/25m
Arginine ceeeees 98.4 103.0 g 11 2,03
Higtidine «veces 99.6 38.0 2,56 0.85 |
Lysine seeseesss 98.5 90,7 2,85 2.85 |
(@ihydrochlor,)

Glyc:i,ne R 99.0 177.8 8:21 8.21

Calculated Total N/25 ml. = 21.73 mg.

Calculated Total Amino N/25 Mle sesscceses 13.94 mg.

Calculated Basic N/25 ml, &= 13.52 mg.
Calculated Basic Amino N/25 ml., seescsccee 5.73 mg.

et imat Soluti 3 |
Arginine N = 8.18 '
Amino N = 14.11 (Method of Kendrick & Hanke (1937) ) ‘

Total N &= 21.55 }

Table 20,




Experiment VIII - Recovery of Basie Amino Acids from

Composite Amino Acid Solutions

Erocedure

A new standard composite emino acid solution was
prepared and a run carried out on a 25 ml, aliquot of
this solution in the usual way.

In this experiment, the testing of successive
buffer wash fractions for arginine, histidine and
glyeine was ommitted and 200 ml. of buffer wash was
collected in a single fraction. It was considered
that the evidence of previous experiments justified
the assumption that separation of the basic fraction
was quantitative under the conditions of the runs,

Histidine estimations by MacPherson's lMethod were
not carried out, the histidine N values being determined
by the Van Slyke N Distribution Method.

Discussion of Results

The fact that the N contained in the buffer wash
agrees within the limits of experimental error with
the caleulated value for glycine N confirms previous
observations that the collection of 200 ml. buffer
wash will ensure the quantitative removal of glycine
from the basic amino acids. The recoveries of
arginine and histidine can be considered as quantitative,
the N losses in both cases being within the limits
of the experimental error possible at the titration

stage in the egtimations. The lysine N recovery is

over/
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Summary of N Recoveries obtained for

Solution 3, (mg. N/25 ml. Solution 3.)
Estimation s SAEETsEL
Calculated | Estimated

Total Basic N 13.83 - 13,7
Basic Amino N 5.74 - 5.9
Arginine N 8.11 8.18 8.14
Lysine N 2.85 - 3.0
Histidine N 2.56 - 2.58
Glycine N 8.22 - 8.3




over four per cent high but as the lysine N value
carries all the error of the Miero-Kjeldahl estimations
on the eluate fraction, this result was not considered to
be out of the way,

The recoveries obtained appeared to be sufficiently
good to warrant applying this method of separating the
‘basic amino acids to the analysis of hydrolysates of

histones.

5:5,



56.

Experiment IX - Testing the Capacity of Amberlite

IRC~50 for Arginine

The capacity of arginine of Amberlite IRC-50
buffered to pH 7 is Teported by the Rohm & Haas
Company to be 150 mg./ml. resin. The capacity of
the resin under the conditions described in this
Section was found to be very much less than thiss
e.g. in Experiment I, where the runs were carried
out Dy washing an arginine solution through the
columns with molar acetate buffer, the capacity of the
resin for arginine is only 5-6 mg./ml. resin. This
low capacity is of a different order of magnitude
from what might be expected at pH 4.7 on the basis
of the capacity at pH 7 as reported by the Rohm &
Haas company.

It was decided to determine the order of magnitude
of the arginine capacity of the resin using conditions

prescribed by the Rohm & Haas Company, that is to

say the column was washed free of buffer after the

adjustment of the pH to 4.7 and a standard erginine

solution was washed through the column with water

in place of acetate buffer.

Erocedure

A column, 20 x 1.5 cm., contalning approximately

13 ml. of Amberlite IRC-50 was buffered to pH 4.7

by washing with 200 ml. of N acetate buffer, and

the excess buffer was removed by washing with 200 ml,

water./
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water. 500 ml, of an arginine solution containing
ca. 1.5 mg. arginine/ml., was then passed through
the column at a rate of flow of 50 ml./hr.* The
effluent was collected in ten successive 50 ml.
fractions and each was tested for arginine by the
Sakaguchi method. A negative reaction was obtained
in every case.

The column was finally eluted with 100 ml. N
HCl1l and the eluate collected in two 50 ml. fractions.
On testing these for arginine a strongly positive
reaction was obtained for each fraction.

Discugsion of Results

The resin capacity is evidently greater than
750/138 ca, 60 mg., arginine/ml. under these
conditions, i.e. the capacity of the resin for
arginine is increased about ten timesnby eliminating
sodium ions from the ambient phase.

Clearly, the presence of sodium ions is
undesirable in the ambient phase , although

quantitative separation of the basic amino acids

from solutions containing glycine as well as the

bases has been found to be possible in the presence

of concentrations of up to 0.5 M with respect to

sodium ions.

*The equilibration flow rates of the free acid

and/



and sodium forms of Amberlite IRC-50 are reported
as being 0.134 ml./min./ml. and 0.268 ml./min./ml,
respectively (Rohm & Haas Company). Since a rate
of flow of 50 ml./hr. for a column containing 13 ml.
of resin corresponds to 0.064 ml,/min,/ml., the
flow rate used is well within the equilibration

flow rates for both forms of the resin,

58.



99.
DISCUSSION

The whole purpose of the experiments which have
been described in this Section was to develop a
simple method of Separating the basic emino acids
from histone hydrolysates Quantitatively, and
uncontaminated by any non-basic material,

The development of the method necessitated
carrying out a number of experiments in which an
initial experimental procedure was gradually modified
on the basis of the observations made during the
course of the work, until a method was finally
evolved apparently suiteble for application to the
analysis of histones. This method is deseribed in
its final form in the Appendix with the difference
that water is used for washing the non-basic amino
acids off the column instead of 0.1 N acetate buffer.
pH 4,7.

The following argument provides an explanation
of why this modification was made:-

According to Partridge & Westall (1949), the
reaction between sodium ions and a cation exchange
resin may be represented by

RH +Na+.,-'-?- RI...Nai-l- H+;
where RH is the hydrogen form of the resin and the
symbol R,. ..Na+ represents the dissociated resin
salt in which movement of the cation Na is
restricted by the effect of the negative charges

on/



60.
on the resin,

Since the affinity of Amberlite IRC-50 for
hydrogen ions is very mch greater than its affinity
for sodium ions, the extent to which thig reaction
will proceed to the right will depend on the
concentration of dissociated carboxyl groups on the

resin surface, so the above equation may be rewritten

RH
)
R' . a 'H++ Na_+

— R colia ok gt o,
where R'. ..H+ represents the dissociated acid form
of the resin. The concentration of the dissociated
acid form will depend, in turn, on the pH of the
solution, so that the quantity of sodium ions taken
up by the resin will be limited by the pH. It
follows that if the resin is in contact with an
acetate buffer at any given pH, there will be a
characteristic ratio of the sodium salt form of the
resin to the undissociated acid form and , that
if we make the simple assumption that adsorption is
governed solely by electrostatic forces, this ratio
will be determinable by the application of the
Henderson-Hasselbalch equation to the system.

Since the pK value of the carboxylic acid group
of Amberlite IRC-50 is between 5 and 6, Kunin &
Meyers (1950), at pH 4.7 the number of dissociated

v+
acid groups present, R «e.H will be very small

relative/
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relative to the number of groups associated with

sodium ion, Bf...Né+, so that the retention of amino
acids on a column of Amberlite IRC-50 at this pH
may be considered to be essentially due to exchange
with the dissociated sodium salt form of the resin
and may be represented:-
R ...Na A= AVEY 4= 0n %2 RiHoA 4 Ve 4 0F 3.
Clearly, the presence of high concentrations of

sodium ions would be undesirable in the amino acid

solutions when the exchange process is viewed in
this light, since the progress of the exchange
reaction would be hindered by a direct mass action
effect.,

The results for Experiment I of this Section
indicate that during runs with arginine solutions,
in the presence of high concentrations of sodium
jons a proportion of the arginine is continually
displaced down the column at the buffer wash stage,
The expansion to the following form of Equation 3.
could provide an explanation of this phenomenon.

¢ B o= - = ’ ’ &
R oooNa o= ANHg == OH § Yo = OH =R ...NH3A

{!

RNHzA  Ap,
The amino acid exchange reaction will take
place, if the above reasoning is valif, witl; the
dissociated salt form of the resin, R ...Na , SO

that the resin-amino acid complex will be formed

initially/
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initially as the dissociated salt form on the resin
surface. The progress of the formation of this
form, R/...I\IHBA* will be hindered by the presence
of the sodium ions in the mobile phase, so that to
explain the firm retention of a proportion of the
arginine in this experiment, where the concentration
of sodium ions in the mobile Phase was approximately
0.5 M, it is necessary to assume the slow formation
of an undissociated resin-amino acid complex, RNH3A,
which cannot react directly with sodium ions, and
which is consequently only influenced indirectly by
the presence of sodium iens in the ambient phase.

That equation 3. is, in fact, a description of the
amino acid exchange reaction is borne out by the fact
that the capacity of Amberlite IRC-50 for arginine
which was found in this Section, where the amino
acid solutions were introduced directly into columns
still in contact with N acetate buffer and subsequently
washed through the columns with N or 0,1 N acetate
buffer, was very much less than the capacity found
when the resin was washed free of buffer before the
introduction of the amino acid solution and water
used subsequently in place of buffer. In the
experiment described at the end of the Section,
Experiment IX, results were obtained indicating
that the resin has a capacity for arginine greater
than 50 mg. arginine/ml. resin when sodium iohs

were/



were absent from the ambient phase,

By contrast, the capacity of the resin for
arginine under the conditions described in the
Experimental part of this Section was very much
less; probably of the order of a few mg,., arginine
/ml, of resin,

Although most of the work presented in this
Section was based on the misconception that the
amino acid exchange reaction is with the hydrogen
form of the resin, it has been presented here because
certain conclusions can be drawn from some of the
experimental results regarding the mechanism of the
exchange reaction, and because, in spite of the
initial feulty premises, the method evolved on their
basis has proved to be quite satisfactory for the
separation of the basic fractions from histone
hydrolysates.

Moreover, although the use of acetate buffer to
wash glyecine off the columns was based, in the first
instance, on an error of judgment, it has proved
to be a singularly fortunate error. The fact that
Amberlite IR-4B turned out to be unsuitable for
the adjustment of the pH of protein hydrolysates
made it necessary to employ NaOH for this purpose.
This necessitated the introduction of considerable
concentrations of sodium ions into the amino acid

solutions, the which modification would have been

impossible/

63.



impossible had not the experimental conditions
been determined for runs involving washing with N

acetate buffer in the first place.

64.



SECTION ITII

ANALYSES OF HISTONES & PROTAMINES




INTRODUCTION

The following section includes the results of
analyses performed on (i) histones prepared by
Dr Stedman in this Department by the methods
described by Stedman & Stedman (1961), (ii) "main
histones" prepared by the methods referred to above
and partially purified by the removal of a proportion
of a slow component exhibiting a slower rate of
migration during eleetrophoresis, and (iii) main
component histones more or less free from all but
a trace of the slow component. Results of analyses
of two slow component histones have also been given.

The electrophoretic homogeneity of all the
single component histones has been checked by
Tiselius runs and photographs relating to these
are included in the Appendix. Some of the photographs
suggest there is trace contamination with the other
histone component, but since the contaminating
component has been found to be similsr in composition
and the extent of contamination is in every case
small, in no case could the shalytical results
be significantly affected.

Since the main purpose of this thesis is the
demonstration of cell and species specificity for
electrophoretically pure main component histones,

most of the histones analysed belong to this

category, and analysis are presented for main

component/
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component histones prepared from nuclei from two
types of cells from two different species -- ox
livér and ox thymus cell nuclei, and fowl erythrocyte
and fowl thymus cell nuclei,

All the analyses of histones and protamines
for which results are presented have been carried
out on the histone and protamine sulphates, and
this has been assumed to be understood in the

phrasing of the text.
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EXPERIMENTAL

Thyrmus histone 11111 was a specimen of main
histone prepared from calf thymus nuclel and it
was decided to use this to. conduct a trial a rsis
using the technique evolved in Section IT.
Erocedure

The procedure described in the Appendix was
used. About 100 mg. of the dry protein was used
for hydrolysis and the volume was adjusted to ca.

o5 ml, after adjustment of the pH to 4-6. The
hydrolysate was then introduced into the column in
toto.

The eluate and buffer wash fractions were each
brought to 25 ml. volume, and miero-Kjeldahl
estimations carried oul on aliquots from each
fraction. In addition, amino N, arginine N and
amide N estimations were carried out on the eluate.

Tn this particular analysis, aliquots were taken

from the eluate for the various estimations as

follows:~

i

10 ml. - emide N
5 ml, - arginine N
o5 x 2 ml, - amino N
o x 2 ml, - total N
All results were expressed as the N equivalent

to that originally present in the hydrolysate,

and/
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Results:~

Ox Thymus ITIIT

Dry weight of Histone = 90.9 mg.
% N recovered in Histone = 17.08
(Buffer Wash N Eluate N)

Weight N recovered (mg.) Equivalent % Recovery

Amide N ssecescesee 0.82 5.3

Basic N seaccceeeee 7428 46,9

Non-basic N eessees 7o4l ' 47.8

Arginine N eseesees 4,01 . 25.8

Histidine N .essses 0.63 4.0

Lysine N eseeeceses 2.64 17,0
Table 22,



and the corresponding percentages of the total X
recovered in the buffer wash and the eluate were
calculated. The amino N estimations were carried
out in the Van Slyke apparatus using & resction time
of one hour, and the results for histidine and lysine
obtained by applying the N Distribution Method to
the mean of the two results.,
Discugsion of Results
An amide N estimation on 10 ml., of the buffer
wash fraction gave the blank value, so all the amide
N was apparently present in the eluate fraction.
Thus the amino N results included N derived from
the amide ammonia. Provided reaction of ammonia
with nitrous acid was quantitative under the
conditions of the estimation, the accuracy of the
results for histidine and lysine would not be
affected, since these results depend on the non-amino
N arrived at by difference from the totel basic N
and amino N values. In Van Slyke's (1911) original
paper it is stated that ammonia requires 1.5 - 2 hr.
to react quantitatively and that 60% of ammonia
reacts to give free nitrogen in the Van Slyke
apparatus in ten minutes. It was assumed, therefore,
that treatment with nitrous acid for a period of
one hour would ensure that a sufficiently high

proportion of the ammonia present would react to

give fairly accurate results. Since the amide N

in/



in the eluate represented only about one quarter
of the amino N present, fairly accurate values for
histidine and lysine, especially the latter, could
be obtained by the N Distribution method even if
the recovery of amide N in the Van Slyke apparatus
were not quite quantitative under these conditions.

It has since been found that Van Slyke estimations
of basic amino N give erratic results when carried
out in the presence of amide ammonia, although
approximate values for histidine and lysine can be
obtained., For this reason, the values for histidine
N and lysine N quoted here are to be regarded as
approximate.

An interesting feature of this analysis is
that the value for arginine N found is approximately
5% lese than the value recently reported by Hamer
(1951), despite the fact that Hamer's total basic
amino acid N recovery of 46.3% agrees closely with
the basic N value found of 46.9%. The value found
for arginine N was also ca. 5% iOWer than values
previously found by Stedman (i951) for the same
specimen of histone (29.1, 29.8%). The real
diserepancy between the latter fesults and the
author% must have been actually greater than 5% for
a correction factor of 1,024 was used only in
deriving the present result,

This substantial differenc could only have

been/
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been caused by the loss of arginine or by the
removel of an alkali labile amino acid during the
fractionation process. It seemed a safe assumption
To make that no overall working loss of arginine
could account for a difference of this order and
that if all the arginine originally present in the
hydrolysate were not in the eluate fraction, it
must have been present in the buffer wash fraction.
Eowever, when the Sakaguchi reaction was applied to
a few ml, of the buffer wash fraction a negative
result was obtained, conclusively establishing
the absence of all arginine from the buffer wash
fraction. Thus it seemed to the author that the
low arginine N recovery could only have been caused
by the presence of some alkali labile amino acid
other then arginine in the whole histone hydrolysate
and that this alkali labile material must be present
in the non-basic fraction.

A second preliminary analysis was carried out

on snother sample of histone in order to check this

conclusion.

70.
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freliminary Analysis - Ox Liver Histone I

(Main Component)

It was resolved to compare the value for arginine
N found after separation of the basic amino acids
with a corresponding arginine estimation of the
original hydrolysate, for it seemed probable, in
view of the results from the previous analysis,
that during the six hours alkaline hydrolysis of
arginine in whole histone hydrolysates some non-
basic amino acids were being decomposed with liberation
of ammonia. If this were the case, all values for
arginine N previously determined by Plimmer's method
or any modification thereof would really represent
the true arginine I plus twice the nitrogen
corresponding to the ammonia liberated from the
alkali labile amino acids. Since these alkalil
labile amino acids should be present in the buffer
wash after fractionation of a histone hydrolysate,
it was decided to test the buffer wash fraction
obtained in this analysis by applying the alkaline
hydrolysis methed to a suitable aliquot from it.
Erocedure

In this analysis the hydrolysate volunme was

adjusted to 50 ml, and a 25 ml. aliquot from this

solution used for the column run. Estimations

were carried out on the remaining solutien as

follows:~-/



follows:=

10 ml, amide N
S ml, arginine N
2 x 2ml, total N
The eluate wag concentrated in vacuo two times
and its pH adjusted to 5-7 before making to volume,
25 ml. Estimations were carried out on the eluate
and buffer wash as follows:-
Eluate:- 10 ml, - amide N
5 ml., - arginine N
2Xx 2ml, - total N
1 ml. - colorimetrie histidine
Buffer Wash:- 10 ml, - amide N
o ml., ~ pseudo-arginine N
5 ml. - Sakaguchi reaction

2x 2ml, - total N

Discussion of Results

Amino N in Presence of Amide Ammonia:~ The two

Van Slyke estimations of amino N yielded rather

erratic results but the mean result for histidine
N as determined by the N Distribution method (3.3%)
was of the same order as the colorimetric value of
3.7%. Since it seemed that the Van Slyke N
Diséribution Method was rather undependable when
applied to solutions of the basic amino acids in
presence of amide ammonia the results for lysine

N and histidine N quoted for this analysis are those

depending/
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Results:~-
Ox Liver Histone T

% N in Histone = 17.0
Weight N/25 ml., Hydrolysate = 16.30 mg.

roini ! Rec Ties

Weight ¥ (mg,) Equiv Ty
Apparent Arginine N .eeee.e 5.04 30.2
(Hydrolysate)
Arginine N seeceecsesccese 4.30 26.4
(Bluate)
2 x Pseudo~Arginine N .... 0.88 5.4
(Buffer Wash)
2 x Pseudo-Arginine N .ees 5.18 31.8
4 Arginine N ;

N veries

Weight N (mg.) Equivalent N% Recovery
A.n]ide N dssenasndeonsssesase 0.69 4.2
Basic II S8 20 0% 0000080809088 7.56 46.4
Non=-basic N eeccsscccceses M Sl
To-t»al N ReCOVeI"y a8 08 00 090 16' 85 100.3
Argiﬂinel\'f 28 & 8 90 8 0 " s 8000 4’-.30 26.4
Histidine II ...‘.'...'I-.: 0059 3.6
LBrSinEN sseooessanse0saoe 2-6'? 16.4.

abl



73.

depending on the colorimetrie histidine estimation.
Pseudo-Arginine N:- Tt is evident from the results
quoted in Table 23 that there is g considerable
difference between the values for arginine N as
determined directly on the hydrolysatecand the
corresponding value found for the arginine N in the
eluate fraction. Since these differences could
only have been due to the presence of alkali labile
materisl in the buffer wash fraction, it was not
surprising that an "arginine estimation" on the
buffer wash fraction accounted for the missing N.
This N was designated the "pseudo-arginine N}
and it was found that the sum of twice the pseudo-
arginine N value and the eluate arginine N value
agreed roughly with the apparent arginine N value.
Rather more N was found in the buffer wash than
accounted for the difference between the other two
values but this discrepancy was attributed to the
high possible percentage error inherent in the
estimation of the small quantity of pseudo-arginine
N. The approximate possible error involved in the
titrations on which the pseudo-arginine N value
depended was ¥ 5%.

This work waé taken to demonstrate conclusively

that arginine N cennot be estimated accurately Dby

Plimmer's method or any simple modification of it

when the method is applied to whole hydrolysates

of/



of histones, and that accurate values can only be
obtained by this method when a partial separation
of the amino acid components has been effected prion

' to the estimation of arginine,
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lodifications in Analytical Technique 75

The experience of these two preliminary analyses
suggested that it might be profitable to make a
few minor modifications in the amalytical procedure.
For example, the difference between the "apparent
arginine N" and the "true arginine N" values already
demonstrated, made it advisable to obtain results
for both types of estimation for some of the analyses
at any rate. This could easily be done by making
the hydrolysate volume to 50 ml. and pipetting out
a 25 ml., aliquot of this solution for the column
run, estimations being made on the remaining
solution as follows:-

10 ml, = amide N
5 ml, - apparent arginine N
o x 2ml. - total N

This procedure involves a certain amount of
wastage of valuable material since the total
hydrolysate volume is not utilised in carrying out
a1l the necessary estimations. Moreover, it
seemed to the author unnecessary that apparent
arginine N estimations should be carried out for
all analyses, 1t having been clearly demonstrated
that results obtained in this way have no absolute
value.

For these reasons, it was decided to use

smaller volumetric f1asks -- either 30 ml. or 40 ml.

volume/



volume -- for analyses of histones which were in
particularly short supply, and to omit carrying out
apparent arginine N estimations for these analyses.
When the 30 ml. volumetric flask was employed it
was also necessary to omit carrying out an amide N
estimation on the hydrolysate, and hence for such
analyses no amide value is quoted.

The amide N is, of course, present in the eluate
fraction after the column run, but agreement between
| amide N estimations carried out on eluate fractions
and corresponding estimations on hydrolysate fractions
was generally found to be rather unsatisfactory.
| Since there was always a certain risk of loss of
amide N during the concentration in vacuo of the
eluate (vide - Appendix), it was obviously desirable
that all smide N values should be obtained from
direct estimations on hydrolysates.

There being no necessity to preserve amide N
in eluate fractions, it was resolved 1o eliminate
it as far as possible, by adjusting the pH of the
cluate fraction to 9-10 after the removal of excess
HCL by an initial two concentrations in vacuo almost

to dryness. A further concentration in vacuo almost

to dryness should then ensure complete removal of

amide ammonia. However, for all analyses, an

estimation of amide ammonia was cerried out on a

5 ml. aliquot of the eluate fraction to confirm

quantitative/
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77
quantitative elimination of ammonia,

It was hoped that the elimination of amide

| ammonia would make the accurate estimation of histidine

| and lysine by the Van Slyke Nitrogen Distribution

Method a practical proposition. Thise hope has not

materialised for the reasons discussed in the
Appendix.

In all the analyses of histones following in this

| Section, the following estimations were carried out

- on the buffer wash (or water wash) and eluate

fractions: =~
Buffer Wash:=~ § ml, - pseudo-arginine N
5 ml., ~ Sakaguchi reaction
2x 2ml, - total N
Eluate: - 5 ml. - amide N
5 ml. - arginine N
2x 2ml, - anino N
2x 2ml, -~ total N

1 ml. - colorimetric
histidine

For several of the analyses additional colorimetric
estimations of histidine were carried out in place
of Van Slyke estimations of amino N as the latter
method was finally abandoned owing to the erratic

nature of the results obtained.



aAnalyses of Ox Thymus Histones

The histones analysed were Thymus IIILI, a main
histone of the type for which analytical results
have already been published by Stedman & Stedman
(1951), two main component histones, here designated
'Thymus II' and 'Thymus III} fractionated by
electrophoresis from thymus main histone, and the
corresponding slow component histone -- 'Thymus
Slow.' Tiselius runs carried out with both the
main component histones indicated that they were,
to all intents and purposes, electrophoretically
pure. Duplicate analyses are presented for Thymus
IITLI and Thymus IT.
Procedure

The column runs for these anhalyses were carried
out using the procedure described in the Appendix,
and for all the analyses the modifications just
deseribed were incorporated in the experimental
procedure. This is to say that the amide N results
were obtained by direct estimation on the hydrolysates.
A single exception is one of the duplicate analyses
carried out on Thymus II; in this case the amide X
was determined on the eluate fraction, the
hydrolysate volume having been made up to only
30 ml. in the first instance.

Discussion of Results
Amide N:- The low amide N recovery of 0.7%,

obtained/
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Results:~

Ox Thymus Histones (W% of total N)

Main Main Main Main
Comp., Comp.
5 120 54 7 S 5 B 3 Rl o i
@ G @ Gn
ANLae: N o5 cenans iew Oaid 6.3 0.7 5.6
Basie N seesewesswe 00 45,8 45,7 48,5
NOI’l—bELSiC IT noooo.-ﬁa_@ _ic.._z‘_,__Q ___4:_8_1_'8_ __%_8_:_52
1?‘;‘{: ReCOVEI’}" R RN 10107 lol.l 9502 99.6
A'.I"gil'line 11'_ sseecone ® 2?’0 2‘?'5 26'2 3600

Histidine I PO E 0 08906000 BA0EDORA0DRE 08O E 8-0

(Van Slyke) Z2s8
Histidine N ssceeee 4.2 4,0 Bel 3.8
(Colorimetric)

Lysine N ssessssses 15,7 14,3 15.8 15.8
Pseudo-Arginine N . 4.1 %) 3.5 2ol
Apperent Arginine N 31.7 31l.4 - -

Main Slow
Comp. Comp.
AL

4.6 4.7
45,4 46,3
48,6 _48.8
08.6 98,8
25‘9 2?.8

3.3 3.6
16.2 15.5

3,0 3.4

N Content (% N on basis of dry weight)

Main Iain Main Main
Comp. Comp.
5113 0 T I 157 S P AETE
(1) (ii) (1) (ii)
16,6 16.6 16.4 16.6

Lable 24,

liain
Comp.

LIE

16.8

Slow
Comp.

16.3



obtained in the analysis just referred to, is
obviously due to loss of amonia during concentration
' in vacuo, since the sum of all the N recoveries for
this analysis falls short of 100% by approximately
the same percentage as the amide“N value is less
than the corresponding value for the duplicate
analysis

Gen%rally, the results for amide I seem to be
| somewhat variable, even when estimations are carried
~out directly on hydrolysate solutions. For example,
the two emide I values obtained for the analyses of
Thymus ITILI of 5.1% and 6.3% are in poor agreement,
‘end it seems probabie that tﬁis estimation may be
considerably affected by slight variations in
hydrolysis conditions,

Pseudo-Arginine N:~ The values for pseudo-arginine

N vary to an:even greater extent, and the difference

between the pseudo-arginine N values found for the

| two analyses of Thymus ITILI (4.1%, 2.8%) is much

greater than could be accounted for by any experimental

error. The possible error involved in the titrations

from which the pseudo-arginine N results are derived

is undoubtedly high (ca.¥5%), for the net titre
is ca. 0.60 ml. of 0,01 N HCL as a rule, but the

variation in pseudo-arginine N results is of a

much higher order than this.
There is, nevirtheless, fairly good agreement

between/

7%
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between the two apparent arginine N results found
for the two analyses of Thymus IIILI.
Arginine N:~ By contrast with the amide I and

 pseudo-arginine N estimations the arginine N

estimations yielded results for duplicate analyses

| of the same histone which were in excellent agreement,

e.8. the values for Thymus II were 26.2% and 26.0%,
and for Thymus IIILI, 27.0% and 27.5%. For this ‘

reason greater significance has been attached to

arginine N values than to any other kind of analytical

result.
Histidine N and Lysine N:- The agreement between

the histidine N results for duplicate analyses was

' considered to be satisfactory in view of the

shortcomings of colorimetric methods of estimation.
The agreement between lysine N values was less
satisfactory, but this was expected since the lysine
N values carry all the error of the total basic N
estimations. Since the total basic N values are
generally about three times as great as the
corresponding lysine N values, a threefold magnification
of percentage error is jnherent in the calculation of
lysine N by difference in this way.

Chemical Relatignsh;p_pggﬂggg_zhymug_gggzgngg:-
Bearing all the above considerations in mind, a
comparison of the analytical results for the thymus

histones was made, and it seemed to be clear that,

despite/



despite their different hehaviour during electrophoresis,
the slow and main component histones were closely
related chemically. As might be expected, the main

histone from which these two components were derived,

| appeared to be very similar in composition to both

components,

The arginine N values for the analyses of Thymus
ITILTI are somewhat higher than the values for the
ahéiyses of the two main component histones, so a
consideration of the results of these analyses
alone would suggest that the slow component would

contain a rather higher arginine content than either
i

the parent main histone of the main component.
However, the single analysis of the slow component
which was carried out actually indicates an arginine
content which is indistinguisheble from the arginine
content of Thymus IIILI, so it may be that there is |
no real difference between the arginine content of

the slow and main component histones. The alternative

| possibility is that such difference in arginine

content as exists between them is of the same order

of magnitude as the total experimental error.

The histidine N and lysine N values for the three

types of histones enalysed are also such thatl neither
cen a definite distinction be made between the main
component histones and the glow component nor

between either component and the paerent main histongs

The/
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The analysis of the slow component yielded a rather
low result for histidine ¥ as compared with the
values obtained for Thymus IIILI, it is true, but
little significance was attached to this since the
histidine N values for the main component histone
analyses were also lower than the values for ThymusiIIILI.
The general conclusions which have been drawn from
the results of all these analyses are that main
histones consist of two components which are very
similar in their amino acid composition as far as
it has been investigated by the methods used here,
and that such differences as may exist between thes?
components are within the limits of the experimental

as a consequence, undetectable. |

errors of the analytical methods used, and were,



83.
dnalyses of Ox Liver Histones

Two main component histones which had been
checked by Tiselius runs and found to be virtually

electrophoretically pure, were analysed and these

| "
are here designated 'Liver II' and 'Liver IIT'.

Duplicate ahalyses were carried out on Liver II and
the results of all three analyses are presentéd
opposite. The results for the preliminary analysis |
of another preparation, Liver I, which have already
been quoted and discussed in this Seetion, are also
included opposite, since this histone is also a
main component ox liver histone.
ocedu

The procedure was that described for the analyses
of the ox thymus histones. In one of the duplicate |
analyses of Liver II, shortage of material made it
necessary to make the hydrolysate volume to 30 ml.
only. Thus for this analysis, it was not practicab%e
to carry out an amide N estimation on the hydrolysate,

a 95 ml. aliquot being employed for the column run.

An apparent arginine N estimation was included
|

in the analysis of Liver I.

Discussion of Regults

Sinee these histones are all different preparations

of the same compound and are therefore chemically

identical, the variations in corresponding analytical

results furnish some indication of the order of

variation/



Ox Liver Histones (N% of total 1)

liain Main Main Main
Comp. Comp. Comp. Comp.

I dik AE 1LY
(1) (ii)
Amide N scesescevvacas 4,2 4.5 - 4,9
Basic N sessssssesees 46.4 46.9 46,6 45.2
Non-basic N scescsesns O.7 49

22 50.0 _48,°9
N% RECOVErY «essecsess 100.3 101.3

Arginine IE a & 60088008 26'4 26.4 2’?.0 26.4
Histidine N seseasvee 343 3.8 363 248
(Van 5lyke) 3.0
I——-istidine II 2 &8 60 50880 3.6 3.7 8.6 3.4
(Colorimetric)

Lysine N .cesocacecsss 16.4 16.8 16,0 156.4
Pseudo-Arginine N ... 2¢7 3.2 22 23
Apparent Arginine N . 3l.1 - - -

N Content (% N on basis of dry weight)
Main Main Main Main
Comp. Comp. Comp. Compe.
i T IT i B
(i) (ii)

17.0 16,5 16:6 16.8

Table 25,



variation which can be expected for the analytical

' methods employed.

It will be observed that the differences between
corresponding results for these four analyses are of
the same order as the differences observed between
the three kinds of thymus histone analysed. A
general comparison of the results for these analyses
with those for ox thymus histones indicates no
marked difference between the two types of histone. |
There 1s a general tendency for arginine N results
to be slightly higher than the arginine N results
for the thymus histone analyses, but a much larger ‘
number of analyses would require to be performed |
before it could be determined if this difference is‘
of any significance.

The result obtained for the estimation of
apparent arginine N (31.1%) is in satisfactory
agrrement with the values—quoted by Stedman (1951)
for ox liver main histone (30.4%,29.5%) when it 1is
borne in mind that Stedmen's vaiues wére uncorrected
for incomplete hydrolysis of arginine.

i i i is similar in
that ox liver main component histone 1s |

composition to ox liver main histone. By analogy

with the conclusions drawn from the analyses of ox |

thymus histones one would expect there to be no

change in the amino acid composition, with respect |

to/

This suggests

84,



to the amino acids estimated, on the removal of the

slow component from ox liver main histone.

85



8 6.
Myﬁﬁi&m&’%

Analyses were carried out on a sample of
erythrocyte main histone (Erythrocyte ITIFI), a
specimen of main histone which had been partly
purified by removal of a proportion of the slow
component (Erythrocyte A), and & main component
' histone which had been found to be electrophoretically
pure.

An electrophoretically pure sample of the slow
| component was also analysed and it was hoped from
| these analyses that it would be possible to demonstrate
some difference in amino acid composition between
the slow and main components. Duplicate analyses
of Erythrocyte IIIFI and Erythrocyte A were carried

out.

Erocedure
The procedure was as already described. For all

analyses amide N was directly estimated on the
hydrolysate with the exception of the analysis of
the slow component. In this case, shortage of
material made it necessary to restrict the hydrolysate
volume to 30 ml.,
i si esult

Although the agreement between most corresponding
results for the two pairs of duplicate analyses
cerried out was rather disappeinting, good agreement

was obtained between the corresponding arginine

results./



Resultg:~

Amide N

Bagle N s isssens

1‘T0n'—ba8ic N s 00

N% Recovery eesee

Arginine N seceee

Histidine N ...ae
(Van slyke)
HiS'tidine N R Y
(Colorimetric)
Lyseine N seeeneai

Pseudo-Arginine N

Fowl Erythrocyte Histones (N% of total N)

lain Main Main Mein Main Slow
Comp. Comp.
JEIRL $ITRE & A

(1) (ii) (1) (i)

5.9 Ds 6 4,9 Dinls ) -
42,7 44,2 44,6 41.8 43,3 46,0
51,0 &0.8 49,7 52.3 52.6 5.8
99,6 1001 20,2 0.2 100.9
23.6 23T 23.8 23,3 23.4 274

1l.4 2.6 - 3.0 - -

2l

3.4 3,3 4,4 4,3 4,1 4,1
16,2 178 le.4 14.2 15,8 14.4

2.8 Be NS 3al 4,7 4.1

N Content (% N on basis of dry weight)

Main

IIIFI
(1)

16.4

Main

Main Main Main
Comp.
TR A .
(ii) (1) (ii)
16.6 16.8 L7 4Haik

able 26,

Slow
Comp.

15.3



results. The arginine values for Erythroeyte ITIFI
and Eryt rte A w 0 in good 3

d Erythrocyte A were also in good agreement, &nd
a general comparison of the results for these two i
inlstones indicates that no detectable change in |
larginine N content occurs on removal of a proportion;
of the slow component from the main histone. This
conclusion is supported by the fact that the analytical
| |
results for the main component histone, containing

< |

only a trace of the slow component as a conteaminant, |

are also indistinguishable from the results for these

|
analyses.

| Thus the fact that the arginine N value for the
!slow component was found to be markedly different
from the other arginine N values appeared to conflict

|with the results of the other analyses. Although the

proportion of the slow component originally present
in the unfractionsted main histone was emall, and its
'removal would not meke a large difference in the

| arginine content of the main component, one would
|

!certainly expect there to be & detectable difference,

| The aifference between the arginine 1 content of the

slow component and that found for any of the other

higtones in this group certainly seems to be well

outeide the limits of experimental error and the

relisbility of the result appears to be confirmed

by the fact that the total basic N content reflects

tut since it is difficult

the arginine N difference,

. to/
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to reconcile such a high arginine IV value with the
excellent agreement between the arginine ¥ valies

| for the main component and the parent main histone,
it may be that the results for this analysis are

| rather unreliable.

It 1s particularly regrettable that it was net
5 possible Lo include a direct estimation of amide I
in this analysis since the N recoveries for the

| main fractions indicate an unusual amide N value of
| ca. 18% if 100% recovery of N is assumed. No zmide
N valué of thié order has been found in any of the
other analyses and this also suggests that something
has gone wrong with this analysis.

However, the analytical results for the slow
component have been given because this compound has
never been analysed before, and because the resulis,
although possibly inaccurate, at least indicate
that the slow component is a histone which is

similar chemically to the others analysed in this

work.



main component histones from the same gland in two
' unrelated species no doubt indicates that there is
a close relationship between amino acid composition

| of histones and cell function.

9 0.



analyses of Salmine
bk inin

Since the buffer wash fractions from histone
hydrolysates had been found to contain alkali labile
material, It seemed a possibility that the non-basic|
fraction from hydrolysates of protamines wotild also
yvield a certain amount of ammonia on prolonged
. treatment with sodium hydroxide. It was therefore
declded to separate the basic fraction from a
| hydrolysate of salmine and compare the result of an
. arginine N estimation on the basic fraction with
the result of a direct estimation on the hydrolysate.
It was hoped that it would be possible to account
for any difference found between these results as
pseudo-arginine N.

The procedure followed was similar to that used
previously for the histone analyses and is detailed

belovi,

Frocedure
About 80 mg. of salmine are dried to constant

weight over P 0y and hydrolysed in the usual manner,
The hydrolysate volume is adjusted to 50 ml. and a
25 ml, aliquot is used for the column run.

Estimations ere carried out on aliqguots of the
various fractions as follows:-

Hydrolysate - 10 ml. - amide N

5 ml, - apparent arginine N

o x 2 ml. - total N
over/

9'-/



Hegultg:-
% I in Salmine (Sample 1.) = 23.9
Total Weight N/25 ml. Hydrolysate = 10.33
% N in Salmine (Sample 2.) = 24.1
Total Weight /25 ml. Hydrolysate = 8.15

Arginine N Recoveries

Weight N (mg.) Equivalent N%¥ Recovery
Samp. 1. Samp. 2. Samp. 1. Samp. 2.
Apparent Arginine N ... 2.56 T+506 92,6 987
(Eydrolysate)
Arginine ‘N— 4 9 9 a6 08 8800w 9-07 7028 8?-8 88-7
(Eluate)
2 x Pseudo-Arginine N . 0.30 0.42 S S
(Buffer Wash)
2 x Pseudo-Arginine N . 9.37 .68 9047 03.%
4 Arginine N
ide If v
Weight N (mg.) Equivalent N% Recovery
Samp. 1. Semp. 2. Semp. 1. Samp. 2.
Hydrolysale seeessessss 0.09 0.09 0.8 il
Eluate @ ® % 2 & & g o 6 5 0 s 008 8 0.14 0004 1.3 0.5
Bu.ffel" ‘.’ﬁdraSh CC R B BRI I R 0.02 0102 0.2 Oo3

N Recoveries - Main Fractions
Weight N Recovered (mg.) Equiv. N%Z Recovery
Samp. 1. Samp. 2. Samp. 1. Samp. 2.

TO'tal BaSiC :N- DB S R A A 9.43 7.27 91.3 89.2
I\TOH—baSiC N e % e 8 ts 8 ssa 0'92 O.Si 839 lg.i
Total N ReCOVETY seesse 10.35 S8.14 100.2 99.9

Table 28,
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Buffer Wash - 10 ml, - amide N

S ml. - Sakaguchi reaction

wr

ml, - pseudo-arginine ¥

2x 2ml, - total N

(1]

Eluate - 10 ml. - amide N
S ml, - arginine N
2 X2 ml, = total ¥

The whole procedure was repeated with a second
sample of salmine,
Discugsion of Results

The results for the analysis of the first sample
indicate that the arginine N found in the eluate
fraction is considerebly less than the arginine W
apparently present in the hydrolysate. The pseudo-
arginine N value found did not account €or all of
this difference, the sum of twice the pseudo-arginine
N value and the eluate arginine-If value (9.37 mg.)
being substantially less than the apparent arginine
N (2.56 mg.). On the other hand, for the analysis
of the second sample of salmine, the pseudo~-arginine
N value is considerably higher than would be
expected on the basis of the difference between the
arginine ¥ values. It seemed evident that these
discrepancies were mainly due to the unreproducibility
of the pseudo-arginine N values which 1s so well
illustrated by the results which have already been
given for the analyses of histomnes.

An interesting feature of the results for the

analystis/
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analysis of the first Ssample is that there is g
small but apprecizble increase in amide N after
fractionation. Virtually a1l the amide N was
recovered in the eluate fraction although there
seemed Lo be & trace present in the buffer wash !
fraction.

An increase in amide N could be caused either
by deamination ef a proportion of the arginine or
by absorption of basic material from the atmosphere.

‘The latter source of error can be checked, to &
certain extent, for the sum of the N values for the |
main fractions can be compared with the total N of
the hydrolysate., Deamination of the arginine at

the o amino position would not be a serious difficulty,
for it would not interfere with the accuracy of the
arginine I estimations on basic fractions, all |
arginine N values being corrected for any amide I
found present. On the other hand, any decomposition
at the guanidine group of arginine would lead o

low recoveries of arginine in eluate fractions.

The fact that the arginine N recovery for the first
sample (87.8%) is rather low as compared with the
corres;onding value for the second sample (83.7%),

for which there wae no observed increase 1n amide

N after fractionation, therefore suggests a certain
amount of decomposition at the guanidine grouping.

Tt is rather an interesting coincidence that

these/



these results for arginine N are in fairly good
agreement with the value quoted for salmine by

Stedman & Stedmen (1951) (B8.9%), despite the fact |

that the results were arrvived at in very different

waye. 1o doubt this agreement is due to the fact

that the small amount of pseudo-arginine NN estimated
gs arginine N in the Stedmeans' amalysis rather more |
than compensated for the fact that they did not use |
a correction factor to allow for incomplete hydrolyaiis
of arginine. The author's results are also in fair |
agreement with a value quoted by Tristram (1947) of;
89%. ' |

94,



Results:-
% N in Clupeine = 24.1

Total Weight N/25 ml. Hydrolysate w 10,18

Arginine N Recoveries
Weight N (mg.) Equiv. N% Recovery

Apparent Arginine N seaee 9.29 91;3
(Hydrolysate)

ArginineN 2980 808 da0e8 b e 8-92 87.6
(Eluate)

2 x Pseudo-Arginine N ... 0.48 4.7
(Buffer Wash)

2 x Pseudo-Arginine N ... 92.40 02.4

<+ Arginine N

Amide N Recoveries
Weight N (mg.) Equiv, N% Recovery

Hydr01ysaie seseo0oensen e 0.08 008
BELIGGE wa siee e o6 e nera behe 0.13 1.3

N _Recoveries - lain Fractions
Wt, N Recovered fHaquiv, N% Recovery

Total Basic 1\-3- o6 4 80 deéaasee 9'80 9104
Non-baSic N esp0se00 P00 e _lle 11.0
Total N ReCOVErY sssessss 10.42 102.4

Table 29,



Analysis of Clupein

Recoveries of Arginine

In their (1951) publication the Stedmans reﬁorted
sllbhtly differing arginine I contents for clupeine :
(87.6%, 7.9%) and salmine (25.9: )e The Stecman's |
demonstration of the distinction between salmine
and clupeine did not depend on this difference but
on the identification of the various amino acids
present in these two protamines by paper partition
chromatography, and the observed difference in
arginine content was therefore in the nature of

confirmatory evidence. Since the results of the

analyses of salmine indicate that direct estimation

of arginine by alkaline hydrolysis does not necessarily

give an accurate result for the arginine N content

|
of protamines, an analysis of clupeine was obviously!

called for.

. Erocedure

The analytical procedure was that used for the

analyses of salmine.

Discussion of Results

Again in this analysis the gmide N in the eluatg
fraction was slightly higher than the corresponding

value found for the hydrolysate. The result for

arginine I¥ found in the eluate (87.6%) is therefore
comparable with the result found for salmine under

i % 1 gl hes
the same circumstances (87.8%), and since these

agree/
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agree within the limits of experimental error, these
two protamines may actually possess the seme true
erginine N contert. The apparent arginine I content
(€1.3) however, is significantly lower then the |
éorre3ponding value for salmine (92.6%) in accordance
with the Stedmens' findings. ' |
On the other hand, a comparison between the |
clupeine arginine ¥ value and the arginine Il result|
for the duplicate analysis of salmine (88.7%) would
suggest that the difference already obServeé.betwee#
the epparent arginine N values has been reproduced |
in the true arginine XN values. The results of thesé
analyses are therefore inconclusive in that they dol
not make it clear whether or not there is a differehce

in true arginine N content between salmine and

clupeine,

96.



15 CUSLION

some of’ the results of the analyses reported in
 this Section provide confirmation of cell and species
specificity for electrophoretically homogeneous
histones, which was the main objective of thig work.i
| The discussion of the wider significance of the

' results therefore properly belongs to the General
Discussion af the end of the thesis, and there it
;'has been inecluded. All that it is proposed to do
here is to summarise the main conclusions arrived

| at on the basis of the results reported in this

| Section.

One of the most important findings has been that
the alkaline hydrolysis method for arginine will
yield erroneously high results when it is applied
directly ‘to hydrolysates of histones owing 10 the
| presence of alkali labile material in the non-basic
fraction. The I equivalent to the ammonia evolved
from non-basic amino acids has been designated the
pseudo-arginine N, and the protamines, clupeine
and salmine, have been shown 10 possess & small

proportion of such N.
Tn the case of histones, the amount of non-basic

alkali lebile material in relation to the true arginine

N econtent is substantial, so that the separation of

the basic fraction frem the whole hydrolysate is an
essential preliminary if the arginine 1s to be

estimated/

9.2,
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estimated by a method involving alkaline hydrolysis.

In the case of protamines, on the other hand,
the proportion of alkali labile material other than
arginine is smaller, the amount of pseudo~-arginine N
being of the same order of magnitude as half the I
correction employed by the author to allow for
incomplete hydrolysis of arginine. Since, in the
| calculation of apparent arginine N values, the
pseudo-arginine N is doubled, there are two compensating
errors in the estimation of the arginine N content
of salmine or clupeine when the estimation is carried
out by alkaline hydrolysis of an.aliguot from the
hydrolysate, the error caused by liberation of
ammonia from amino aeids other than arginine being
roughly equivalent to the error due to incomplete
hydrolysis of arginine. This, no doubt, explains
why the arginine I content of salmine found Dby the
author (88.7%) agrees so well with that reported
by the Stedmans (88.9) for & specimen prepared in
the same way.

The differences in appsrent arginine N content
between the homologous basic proteins salmine and

clupeine, have been confirmed by the analyses of

these substances, and it appears probable that there

is a corresponding difference in true arginine N
content, although the author has not succeeded in

demonstrating /



summary_of Analytical Results for lMain Component Histones
(N% of Total N)

Ox Ox Fowl Fowl

Thym. Liver Eryth. Thym.

iTT LLE
Anlide N o088 08000 de 4‘6 4.9 5.0 8.7

Basic N &8 93500800008 45.4 45.2 43.8 4:7.9

Non—baSiC I‘I o ®0o8 000 4&.6 é8’9 52.6 5Q02
N% RecovVery scecses 98,0 99,0 100.,9 101.8

Arginine N «sssecce 25,9 26.4 o2 N 27.9
Histidine N e 23 3.4 4.l 3.1
(Colorimetric)

LNSine N a % & % 0 80 0 0 B 16.2 15.4 15.8 16.9

Pseudo-Arginine N . 3.0 2ad 4,7 3.6

N _Content (% N on basis of dry weight)
Ox Ox Fowl Fowl

Thym. Liver Eryth. Thym.
TEE B OzEL |

16.8 16.8 15.1 15.4

Table 30,



demonstrating this conclusively.

The analyses of the main component histones from
the thymus glands of the ox and the fowl have provided
& good example of species specificity. Although
these histones appear to be similar in amino acid |
| composition, it is possible to distinguish between
| them on the basis of the results from their analyses.
For exemple, the difference between the arginine I
value found for the fowl thymus histone (27.9%) and
the highest arginine N value for the main comﬁonent
| histone from ox thymus gland (26.2%), is clearly
outside the limits of experiméntalnerror.

The Stedmans' analyses failed to distinguish
between the main histones prepered from ox thymus
gland and ox liver although their results did suggeét
- that the ox liver histone might possess a slightly

higher arginine content. The relationship between
| the corresponding mein component histones has been
found to be similar. These appear to be almost
identical with respect to the content of every
amino acid which has been estimated, with the
exception that the arginine N content is generally
found to be slightly higher for the ox liver histone.
Unfortunately, this difference 1s not sufficiently
great to allow one to postulate a definite difference
in amino acid composition between the two histones,

although it certainly suggests that such a difference

existe/



exists.
|

The difference between the two types of histone
from the fowl is more marked, and there is a particularly
| pronounced difference between the arginine I content;
| ih this case. Indeed, the main component histone
prepared from fowl erythrocytes appears to be quite
. distinet, with respect to its arginine content, from
| any of the other main component histones analysed. |
Thus the analyses of main component histones
from two different kinds of cells from two species
| have provided one example of species specificity,
| the difference between the thymus histones from the |
ox and the fowl, and one clear-cut example of cell
speeificity, the difference between the histones fer
fowl thymus gland and fowl erythrocytes. ‘
Two slow component histones were analysed, from
fowl erythrocytes and ox thymus gland, but since
these were prepared from different kinds of cells
from different species, they are not comparable.
Yo doubt cell and species specificity exists for |

the slow component, as well as the main component,

histones, but the demonstration of this phenomenon |

will have to await further investigation. The

main purpose of this work has been the study of

gifferences between comparable main component
histones and the analyses of the slow components
were only carried out incidentally.

The/ |

100,
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. The chemicel relationships between the slow ’
l components and ihe corresponding main components, |
‘ prepared from the same kind of cells, have already ;
| been discussed under the appropriate groups of

‘ anelyses.




SECTICN IV

SEPARATION OF ACIDIC AMINO ACIDS
WITH AMBERLITH 1R-4B
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Because of the obvious limitations of a method
of amino aeid analysis covering only the three basic
amino acids it was necessary to make some attempt to
extend the scope of the method to ineclude other amino
acids. The comprehensive method of liocore & Stein

(1981) is, of course, eminently suitable for the

| purposes the author had in mind at the time thigs

| work was embarked upon, but this method haa not been

- acids at least as accurate as the method of lioore &

evolved at that time. The author's method of analysis
Wwas capable of producing results for the basic emino.
Stein and rather than abandon it in favour of the
latter method, it seemed more profitable to work on
the basis of what success had been achieved with
columns of Amberlite IRC-50.

After the quantitative separation of the basic

| fraction from a protein hydrolysate all the neutral

and acidic amino acids are contained in the water
wash, and there seemed no reason why this should not
be further fractionated into an acidic and a neutral
fraction by using & weak base exchanger in a way
analogous to the initial fractionation involving
the weak acid exchanger Amberlite IRC-50.

On the basis of a method suggested by Cannan
(1946), Winters & Kunin (1949) have described an

ion exchange procedure for fractionating protein

hydrolysates/



' I03.
hydrolysates into the three main groups
'

acidic,
neutral and basie, The essentials of their scheme
are represented in the diagram opposite,

Winters & Kunin admit that this scheme suffers
from the disadvantage that Quantitative separation
of the various amino acids is not effected since
'the weak base anion exchanger will not remove all
of the glutamic and aspartic secids present in a
.mixturé containing arginine, histidine and lysine.'

| Thils scheme suffers from the additional disadvantage
That treatment of a strongly acid protein hydrolysate
- with Amberlite IR-4B liberates substantial amounts

of colouring matter and nitrogenous material from
the resin. (Consden, Gordon & Martin (1948) ).

An obvious way of overcoming the former disadvantage
of the method of Winters & Kunin is to remove the
bases from the hydrolysate prior to the removal of
the acidic smino acids, and, in a method described
by Cannan (1944), this is done by precipitation with
phosphotungstic acid. As it is well known that
phosphotungstic acid precipitation of the basic
amino acide is incomplete, Cannan's procedure could
not be used satisfactorily in a method of amalysis
inciuding estimation of the bases. In the method
envisaged by the author, the water wash from a

column run with Amberlite IRC-50 would be used for

further fractionation into a neutral and an acidic

fraction./
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fraction. Thus the estimation of both the acidic
and the basic amino acids would be made on two
fractions quantitatively separated from a single
aliquot of the protein hydrolysate. This Section
is, for the most part, a description of a few
experiments which were carried out with this object
in view.

In 1948, Consden, Gordon & Martin published
details of a chromatographic method for the separation
of glutamic from aspartic acid in which the acidie
amino acids were separated from the protein hydrolysate
by putting the resin Amberlite IR-4B into the chloride
form with HCl, washing off the excess with water, and
introducing the hydrolysate at ca. pH 4, At this
pH the resin was supposed to Dbe capable of competing
with the basic amino acids for the acidic amino acids.
The latter were finally removed from a column of
the resin by elution with HCl., However, Consden,
Gordon & Martin @id not claim that quantitative
recovery of the acidic smino acids could be obtained
in this way, but simply that the separstion of the

acidic smino acids from the rest of the protein

hydrolysate was complete. A few experiments were

carried out in this 1aboratory using this technique

with test amino acid solutions containing only

glycine and the acidic amino acids, bu the capacity

of the chloride form of the resin for the acidic

amino/



amino acids was found to be very low, and quantitative

retention of them on a column of Amberlite TR-4B could
not be achieved. This was attributed to the fact
that the dissociation of the carboxyl groups of
aspartic acid (pK; 1.83, pK, 8.65) and glutamic acid
(pKy 2,16, pKs 4,.32) will be considerably repressed
al pH 4, and it was decided to devise experiments
using columns of Amberlite IR-4B buffered to a higher
- PH.

In the case of the weakly acidic resin Amberlite
IRC-50, the buffering action of the column depends
on the faet that washing with, say, acetate buffer
converts the resin into a buffer system in itself,
in equilibrium with the buffer solution used at its
particular pH. The resin acquires a certain ratio of
salt to free acid form characteristic of the pH of
the wash solution, and in the ideal case where the
exchange equilibrium is regarded simply as a double
decomposition reaction, this ratio would be defined
by the Henderson-Hasselbalch equation.,

The exchange reaction can be regarded as being
with the sodium form of the resin as follows:-

ReCOOH e ReCOCH +
} + Ry == }'l'I\Ta
ReCOONa ReCOONHgR

‘The exchange of a basic amino acid molecule,

jonised as a base, for a sodium ion will tend to

increase/



increase the pH in the mobile phase but this will
be compensated for by dissociation of additional
carboxyl groups, which is simply to say that the
resin surface can be regarded as analogous to an
ordinary weak acid/strong base buffer system.

Now if we consider the resin, Amberlite IR-43B,
in order to arrive at a system strictly comparable
+to that described above and suitable for reaction
with the acidic amino acids, we would have to wash
the resin with a buffer solution of the weak base/
strong aeid type. An ammonium chloride/ammonium
hydroxide system could be used for this purpose
but this would be ruled out in practice because of
the necessity of keeping extraneous N out of the
columns. An alternative would be to wash a column
of the resin in its basic form with a solution of
waCl until the effluent was neutrel. This should
convert the resin into & combined salt/free base
form which would buffer at the pi of the effluent,
i.e. at pH 7. Such a weak pase/strong acid system

would be strictly analogous to that described above

and the exchange peaction could be represented in

a similar way:-

ReNHAOH ¢ ReNH20H ’
3 4 RCOO => +C1
RelNH3CL RellH300CR

A different approach would be to convert the

resin/



resin into a weak base/weak acid buffer system by
washing with an acetate buffer. B=Experiments have
been carried out involving both types of system and
these are described in the experimental part of

+this Section which follows,

107.
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EXPERIMENTAL

Experiment I - Retention of Aeidic Amino Acids by

A Jo]

Procedure

A column of the same dimensions as that used in
the experiments with Amberlite IRC-50 (20 x 1.5 cm. )
was employed and a slurry of the resin with water
was Introduced until the resin occupied two thirds
of the column volume. It was necessary to leave
one third of the column empty at this stage to allow
for the swelling which takes place when the resin
is converted from the free base to the salt form.
The resin was then washed by siphoning 200 ml. of
0.5 N NaOH through the column at a rate of flow of
ca. 20 ml,/hr. and this was followed by a washing
with 200 ml. of water to remove excess lNaOH.

0.5 N NaCl was then siphoned through the column
at a rate of flow of about 60 ml./hr. until the pH
of the effluent was 7-2. This required several
days and about 1,500 ml. of NaCl solution was used
in the process. The excess NaCl was removed by
washing with 200 ml, of water and the effluent from
this wash was collected in two 100 ml. fractions.
The I eccntent of the second fraction was estimated
in order to ascertain how much N was derived from

the resin at this stage.

A test amino acid solution (Solution P) was

prepared/



Solution P, (Volume - 100 ml.)

Amino Acid N% of Theor, N Dry Wt. (mg.) }g. N/25
Glycine cesesssees 99,0 196.2 9.06
Glutamic Acid .... 98.0 214.4 4,01

Total N Content/25 ml, = 13,07

Micro-Kjeldahl FEetimations on Solution P,
(mg. N/25 ml.)
Total N = 13.00

abl
Run with 25 ml, Aliquot of Solution P.
Rate of Flow = cs., 20 ml,/hr.
Fractio Fraction Vol., Total N Content (mg.)
Water Wash 1. 150 . 8.26
9,22
5 9 2 50 ml. 0.26
luate 8l 100 ml, 3.59
) _Q‘_Z} .
u 2. 100 ml. 9
Total N recovered = 13,78

Table 32,



109.

pPrepared of composition ag indicated in Table 32,
and a 25 ml. aliguot from this used for the column
run., The amino acid solution was washed through the
column with 175 ml., of water and the water wash collected
in two successive fractions, of volumes 150 ml., and
50 ml., in that order.

The column was finally eluted with 200 ml. of
0.25 N acetate buffer, pH 4.0, and the eluate
collected in two 100 ml, fractions. It was hoped
that by using a buffer solution for elution, removal
of extraneous N from the resin would be avoided at
this stage.

Discussion of Results

The total N recovery in the water wash roughly
corresponds to the glycine N content of the solution
and the fact that it is rather higher is almost
certainly due to the presence of N derived from the
resin. The total N found in the second 100 ml. of
water used to wash the resin immediately before the
start of the column run, was about 0.15 mg. (it is,
of course, difficult to make an accurate estimation
of such a low concentration of II) and the difference

between the water wash I content and the glyeine N

can be accounted for in this way. The separation

of glycine and glutamic acid is apparently complete,
for the quantity of N in the second water wash

fraction (50 ml.) is comparitively very small.

There/
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There is & much larger discrepancy between the
eluate N content and the glutamic acid I of the |
solution and it may be that large quantities of
nitrogenous material are inevitably washed out of
the resin whenever it is converted into the salt

form, A learge amount of extraneous Il was not expected

/

| in the eluate, since according to Consden, Gordon & |

Mertin (1944) the amount of If liberated from the resin
can be considerably reduced by reducing the concentration
when HC1l is used for elution. It was therefore thought
that the azount of I liberated from the resin would |

be a function of pH and that by using a buffer

solution with as high a pH as 4.0, it would be

A o : !
possible to prevent N loss from the resin on a scale

| which would interfere with the estimation of the

amino scids by the micro-Kjeldahl method.

Sinee the high NaCl wash requirement in this
experiment was highly inconvenient, in the next
experiment the resin is converted into a diflerent

kind of buffer system by washing with an acetate

buffer.



Solution Q. (Volume - 100 ml,)
ino Acid N% of Theor, N Dry Wt. (mg.) Mg, N/25 ml.

Glyci:le s 5 5598 %000 99.0 208.3 .- gieé
Glutamic Acid .... 98.0 267 .4 5,03
(hydrochloride)

Total N Content/25 ml, 14.65

Licro=Kjeldahl FEstimations on Solution Q.
(mg. N/25 ml.)
Total N = 14,77

Table 33.
Resultg:-
Run with 25 ml, Aliquot of Solution Q.

Rate of Flow - ca. 20 ml,/hr,

Fractions Fraction Vol. Total N Content (mg.)
10.08
H " 100 ml.
Tluate 100 ml. 0.43

Total N Recovered & 10.51 mg.

Table 34,



Bxperiment II - Retention of Acidic Amino Acids

i - o =
Lhie acetate buffer range does not extend as high

.

as pi 7.0 so & buffer solution was pPrepared with a
PH near the top of the range (pH 6,03) and at this
PH the acidic amino acids should he satisfactorily
retained by Amberlite IR-4B (Cannan (1944) ).
Erocedure

The same column was washed with 300 ml. molar
acetate buffer, pH 6.03, and the excess buffer
removed by washing with 200 ml. water. A second
Test amino acid solution, 'Solution Q) was prepared
and a 25 ml. aliguot of this introdueed into the
column. The amino acids were then washed through |
the column with 175 ml, water and the water wash |

collected in two 100 ml, fractions. The column was

finally eluted with 100 ml. 0.25 N acetate buffer

. pE 4.00

The buffer wash and eluate fractions were
concentrated and the volume of each adjusted to 28 ml.

Micro-Kjeldahl estimations were carried out on each

fraction.
iscussion of Resul
The results in Table 34 again indicate satisfactory
retention of glutamic acid by the resin, and complete
separation from the glycine. Unfortunately, during;

the elution with 0.25 N acetate buffer, the resin

swelled/



swelled to such an extent that flow from the columni

| was virtually stopped, and it was not possible to

collect more than 100 ml, of effluent at this stage.

The eluate N recovery is so low that it is evident |
|
that the wash with 10C ml, 0.25 I acetate buffer ?

has removed only & small proportion, if any, of the |

glutamic acld from the column, in contrast with the |

previous experiment, where most of the glycine was !

recovered in the first 100 ml. of '0.25 N acetate buflfer

|
wash. |

It appeared that it would be necessary to use
some other eluting agent in order to recover the

glutamic acid from the column when it was buflfered

in this way.

il
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mxperiment TIT - Retention of Acidie Amino Aciéds

by_Amberlite TR=4F

This experiment was designed to confirm the
findings of Experiment II, and to modify the procedure
so that the glutamic aecid could be recovered
conveniently from the column,
frocedure |

In order to minimise the effect of resin expaneion
in reducing the rete of flow through the ecolumn, it
was decided to increase the free space surrounding
the resin particles by rejecting all the particles |

fine enough to pass through a €60 mesh sieve. The i

remainder of the resin was used to repack the columﬁ.
The resin was regenerated by washing with 200 ml.

of 0.5 N 11aOH and then buffered by washing with 300

ml., of i acetate buffer, pH 6.03. The rest of the |

procedure was the same as for the previous experimept
up to the elution stage, when again the rate of
flow was considerably reduced because of the expansion
of the resin.

After collecting 100 ml. of effluent from the

wash with 0.25 Il acetate buffer, it was found

: - o 2 1
necegssary to stir up the resin with a glase rod in

order to keep wp the rate of flow. The elution

was then continued by washing with 100 ml. N

acetic acid.

Discussion of ResultS
on/



Results:-
Runs with 25 ml, Aliquots of Solution Q.
Rate of Flow - eca. 20 ml,/hr. .

Fractions Fraction V Total N Content (mg.)
e Aliquot 1. Aliquot 2.
Water Wash 1., 100 ml, 9.62 9.57
g . 2, 100/m1, 0.46 0.19
Eluate, 0,256 N 100 ml. 0.43 0.43

Acetate Buffer

Eluate 100 ml, - 5eD2
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Cn estimating the N content in the buffer wash

and eluate fractions, the resultg given in Table 35

were obtained. The results from the previous
experiment are also reproduced in the table since

the two experiments are strictly compsrable up to

the final stage.

The presence of little more then the blank I

' velue in the second water wash fraction again indicates
| complete separation of glycine from glutamie acid.

The fact that this value is considerably lower than |
the corresponding wvalue for Aliquot 1. is interesting
and is no doubt due to the less finely divided state
of the resin in this experiment., The finding of the
previous experiment that O. o5 N acetate buffer, pH |
| 4.0, is apparently unsuiteble for elution when the
resin has been previously buffered with acetate
buffer at pH 6.03, has been confirmed. By contrast
I acetic acid seems to be quite an efficient eluting
agent since practically all of the glutemic acid N

hag been recovered in the acetic acid wash.



DISCUSSION

Although the work presented in this Seetion is
incomplete, sufficient progress has been made to
indicate that it should not be a @ifficult matter
to fractionate a protein hydrolysate into the acidic,
Pasic and neutral fractions completely, and without
loss of material. It is true that the few experiments
carried out in this Section have only demonstrated
that it is possible to separate glycine from glutamie
acid quantitatively by using a buffered column of |
Amberlite IR-4B, and that one would not be justified
in assuming that aspartic acid would behawve sﬁmilariy
to glutemic acid simply on the ground that aspertic |
acid is slightly more acidic.

However, it is clear from the studies of other
workers on the retention of the acidic amino acids |
on columns of Amberlite IR-4B, that aspartic acid |
does not behave in any way abnormally, and that the|
outstanding difficulty when such methods are applied
to protein hydrolysates has been the competitive
interferenée'of the basic amino acids. Thus there

tle reason to doubt that the fractionation|

seens 1lit
of more complex solutions could be effected using

the same procedure as in Experiment ITI. If this

assumption can be made, and the procedure in

Experiment IIT used to fractionate non-basic

fractions derived from hydrolysates of proteins,

the/ |

5.
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the work deseribed in this thesis has gone a long

way towards eliminating one of the prinecipal
disadvantages of the scheme of separation propounded
by Winters & Kunin (194Q) -- that a weak base anion
exchanger will not remove all of the glutemic acid
and aspertic acld present in a mixture containing

the basic amino acids.







| the histones analysed by the Stedmans for electro-

A 44 R+ - 3 s
Although the principal object of this work has |

been to confirm the differences between several of ‘

 phoretically homogeneous histones, some of the |

findings made incidentally during the course of the |
author'e investigations are of value in relation to |
other problems. Those findings which are, in the
view of the author, of general importance, as distinet

from findings of significance only in relation to i

- - - - - - L3 |
| these investigations, are summarised briefly in this

discussion. ‘

In Section I it was observed that there was |

electrodialysis of the basic amino acids and it was

consequently concluded that, because of this and Uhe

general inelegance of the method, electrodialysis .

is unsuitable as a means of separating basic fractions
|

| from protein hydrolysates when this is a preliminary

step in their emalysis. If the method of analysis
of liaeFherson (1946) is used, electrodialysis is

particularly unsuitable since the lysine Il values,

| which are calculated by difference from the total

basic N content and the sum of the arginine N and
histidine N values, will also be affected.

Tn Section IT it was discovered how to separate
the basic amino acids on a column of Amberlite IRC-50

in the presence of fairly high concentrations of

sodium/

ez



| IR-4B, has been resolved.
?

e : | 118.
|sodium lons in test amino acid solutions, thus making

e L f

!11 possible to make adjustments in the pE of protein

ihydrolysaies by titretion with NaoOH,

| In Section III it was observed that the alkaline |
ihydrolysis metnod of estimating erginine, originélly;
designed by Plimmer (1916) gave erroneously high i
\results when applied directly to hydrolysates of E
nistones owing to the decomposition of non-basie ‘
:material, end it is a fair assumption to make that |
‘meny other proteins will also contain appreciable
lamounts of non~basic material yielding ammonia on
!prolonge@ treatment with alkali.

i Pinally, in Seetion IV a problem which hhs
|

goccupied the attention of Cannan (1944) and Winters

|

& Kunin (1949), that the presence of basic amino acids

‘in protein hydrolysates prevents the quantitative |

| adsorption of the aecidic amino acids by Amberlite |

S X !
Because of the meny disagreements in the literature
: |

| in relation to ion exchange phenomena, NO attempt ha$
|

chemical properties of ion exchange resins,

been made to make an independent study of the physico-
and most |

of the trial experiments carried out with resin

columns are purely empirical in character.

As has been pointed out by Boyd (1e61), ion

exchange equilibria have been interpreted in many

different ways and the various approaches may be

divided/



divided into several broad classes as follows. 'The o

exchange equilibrium has been regarded (a) as analogous
to a reversible double decomposition reaction to
which the mass action law may be applied, (b) as
analogous to an lonic adsorption reaction, capable
of being described by the Langmuir isotherm for a
mixture of adsorbates, (¢) as a problem of ions at
a charged surface or (d) as a Gibbs-Donnan distribution
'between two homogeneous phases.' The fact that so
many interpretations are possible illustrates the
complexity of ion exchange phenomena and justifies
the empirical nature of the author's experiments.
However, whenever the author has attempted to give a
theoretical interpretation to the results obtained
with ion exchange columns, the first of these approaches
has been used.

The principal object of this work, which was the
 demonstration of species and cell specificity for

main component histones, has been achieved. There

were several important reasons why such a demonstration

became necessary at the time the work was commenced.

In papers published in 1944 and 1947 the Stedmans

drew the conclusion from their extensive studies on

the composition of cell miclei thet the basic proteins

could not provide the material of which the genes

were composed and they sgvanced cogent arguments in

support of this view, The essence of the Stedmans'

. case/
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case at this time was as follows:- The fact that
basic proteins are universally present as maj or
components of cell nuclei indicates that their
function must be connected with the control of
hereditary characteristics by the genes with which
they are intimately associated in the mucleus.

However, histones or protamines cannot constitute the
actual material of the chromosomes, for it would indeed
be remarkable if the tremendous differences in form
and behaviour found amongst the higher animals could be
the result of differences rung on the histone or
protamine molecule. If these substances did constitute
the material of the chromosomes, one would expect to
£ind that some sort of relationship existed between
species possessing cell nuclei containing protamines,
and that such species would be very much simpler in
their structure and organisation than species
containing histones in their sperm heads. As it is,
the herring and the salmon do not particularly
resemble each other and it cannot be imagined that

the differences between a herring and & cod could

be correlated with the chemical differences between
clupeine and the histone from cod sperm heads. Nor,

for that matter, could it be imagined that the

differences between the ingividual genes in any
species of fish could be rung on a simple protamine

molecule.

The/



The fact that nuclei of the somatic cells of
the salmon have been shown to contain a histone in
place of the expected protamine (Stedman & Stedman
(1944) ) is a piece of conclusive evidence against
histones or protamines being constituents of the
chromosomes. The chromosomes of all the cell nueclei
in any given organism must be chemically identical,
unless we are to discount the chromosome theory of
inheritance, and it is not conceivable that the
chromosomes of the somatic cells of the salmon could
consist of a histone while the chromosomes of the
sperm cells consisted of protamine.

The presence of a protamine in salmon sperm heads
and histones in salmon somatic cells was in itself
an example of cell specificity, and the fact that there
was also a difference in amino acid composition
between the histone from salmon liver cell and salmon
erythrocyte nuclei suggested that cell specificity
might be a general phenomenon. By 1951 the Stedmans
had widened the scope of their analyses of histones
prepared from various kinds of cells to such an extent
that they were able To claim that this was the case,

and to advance the hypothesis that the basic proteins

of cell nuclei are gene inhibitors.

The findings of this work are in accordance with
this hypothesis, and in addition they meke it clear

that the differences observed by the Stedmans were

not/

121,



not simply due to the Presence of different proportions

of the two component histones in the different kinds

of nuclei studied.

from two types of

one example of species specificity, the difference

in amino acid composition observed between the thymus

histone from the ox and the fowl, and one example of

- cell specificity, the difference between the composition

of the histones from fowl thymus gland and fowl
eryhtrocytes.

If the Stedmans' hypothesis is assumed to be

correct, in any given type of cell, say, a liver cell,

all the genes will be prevented from exercising their

functions, or inhibited, by the presence of the
histones characteristic of liver cells, with the
exception of those genes which are responsible for
the peculiar characteristics of liver cells. Since
the proportion of the totael number of genes actively
controlling the characteristics of any specific type
of cell will be minute, it follows that the histones
in the different types of cells in an organism will
be inhibiting much the same assortment of genes.

So on the basis of the hypothesis, one would expect
that histones from the different types of somatic
cells from any organism would closely resemble

each other in chemical compesition; indeed, one

would only expect differences in chemical composition

to/

Analyses of main component histones

cell from two species have provided

t22.
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to be demonstrable in a few cases. The faect that

there was no obvious difference observed between the
main component histones from ox liver and ox thymus
gland is therefore not in any way inconsistent with
the Stedmans' hypothesis.

In the germ cells, where none of the genes is
exercising its function, all the genes will be
inhibited so that, in general, one would expect more
marked differences in composition between basic

proteins prepared from germ cells and somatic cells

. than between histones prepared from different kinds

of somatic cells. This is certainly true in the

case of the salmon as has already been pointed out.,
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MICRO-KJELDAHL ESTIMATIONS

All micro-Kjeldahl estimations referred to in
this work were carried out using the method deseribed
by Chibnall, Rees & Williams (1943), but with the
following single modification. The ammonia was
absorbed in 10 ml. 2% boric acid for each determination
and estimated by diréet titration with 0.01 N EC1.

Whenever possible, aliquots were so chosen that
the equivalent HCl titre was approximately 5 ml.
For the 5 ml, miero~burette employed for all
titrations, the volume of a drop was ca. 0,025 ml.
so that an error of a single drop in the titration
was, for most estimations, equivalent to an error
of 0.5%., The end~point in the titration, in which
the inéicator is a mixture of five parts 0.1%
bromo-cresol green to one part 0.1% methyl red in
95% aleohol, is such that a N différence corresponding
toJless than a drop of 0.01 N HCL cannot be detected
visuallys there is thus a possible experimental
error inherent in all the micro-Kjeldahl results
quoted of * 0.5%.

Tt was found convenient to leave aliquots for
estimation to digest overnight, the estimations of

ammonia being invariably carried out the following
morning. Bach aliquot thus received at least

15 hours digestion, the risk of incomplete digestion

discussed by Chibnall, Rees & Williams being

thereby/



on: i i
Arginine seeessessss ROChe 98.4, 98.25, 98,1
Histidine sesecesseses Roche 9.0, 99,1
LySine cecesssssesees ROChe 97.2, 98,5
(dihydrochloride)
@lycine sececsecseses Be D, H. 99,2, 99.0
ASPaI"tic aCid e e 8 &8 b B.D.HC 98.0
Glutamic acid eseeee. B.D.H, 28.6
(hydrochloride)

Table 36.



thereby avoided.

All micro-Kjeldahl estimations were carried out
in duplicate., The figures reported are the mean
values from duplicate results so obtained. A reagent

blank was included in each batch of aliquots for

digestion.
liiero=Kj t tions of ontents of
At g \aid

As composite amino acid solutions simulating
. protein hydrolysates were used throughout this work
it was necessary to test the purity of the amino
acids to be employed. A convenient way of doing this
was to compare the percentage N as determined by the
micro-XKjeldahl method with the percentage N theoreticglly
present for each amino acid.

Standard solutions of arginine, histidine,
lysine dihydrochloride, glycine, aspartic acid and
glutamic acid were prepared and miecro-Kjeldahl
estimations carried out on suitable aliguots from
each solution. The percentage of the theoretical
I was calculated in each case and the results obtained
are presented in Table 36.

Bach amino acid was dried to constent weight
in vacuo over PoOg before the preparation of the
standard solutions, but it was found that there was
only a significant reduction in weight in the case

of arginine. The arginine required several days

drying/

| 26.
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drying before constant weight was attained and it

lost approximately 10% of its original weight,

If it is assumed 'i:,ha‘t. any impurity present in
these amino acids is non-nitrogenous, i.e, that
their N contents are due entirely to the particular
amino acid present, then these percentages will
represent the percentage purity of the amino acids.
All trial experiments with standard amino acid
solutions have been based on this assumption for
the foregoing percentages have been used as a basis
for calculation of the N content of the various

solutions employed.



Results:-
Estimationg on Standard Arginine Solutions
N% of Theoretical N

| 96,1

98,7

95.9

96.0

96.5

5.7

Mean Value 058

Table 37,



ESTIMATION OF ARGININE BY ALKALINE HYDROLYSIS
A= o Alaaldlh BYDROLYSTS

The method used was an adeptation of the original

method of Plimmer & Rosedale (1925), designed by
Stedman (1951) for use on a semi-micro secale. This
method differs only in detail from that deseribed
by MacPherson (1946), and both workers are agreed
that recovery of arginine does not appear to be
quantitative under the conditions of the determinationj
e.g. MacPherson has reported a recovery of 97.0%
of the theoretical N on alkaline hydrolysis for.four
hours of a specimen of arginine monohydrochloride
presumed to be absolutely pure. On the basis of
this recovery, MacPherson applies the correction
factor 1,03 to all results for arginine N obtained
by the alkaline hydrolysis method.

The author was not fortunate enough to possess
a specimen of arginine completely free from impurity
but exsmination of a 10 g. sample purchased freom
Roche Products Ltd. indicated a fairly high degree
of purity, and this sample has been used in &ll
trial experiments described in this thesis. The
results listed in Table 37. are N percentage
recoveries of the theoretical ¥ , found by alkaline
hydrolysis of portions of this semple for a period
of six hours. The recovery is in every case more
then 2% less than that already found by micro-

Kjeldaﬁl estimation (98.25%), so that these findings

substantiate/
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completely hydrolysed under the conditions of the
method. However, it seemed to the author that one
would only be justified in applying the appropriate
correction factor if the impurities responsible for
the difference between the Kjeldahl N and the
theoretical N values were known to be non-nitrogenous.
It seemed reasonable to assume this in view of the
remarkably closecagreement between the recovery
obtained by the author (97.6% of Kjeldahl N) and
that reported by the Stedmané (1061), (97.7%), for

a different arginine specimen, Hence all vélues for
arginine N obtained by the alkaline hydrolysis method
which are quoted in this work, have been previously
corrected by multiplying by the factor, 1.024.

This correction factor is somewhat smaller than
that that used by MacPherson (1.03), presumably because
a six instead of a four hour period is used for
hydrolysis and the alkali employed is rather more
concentrated. Under these conditions one would
expect hydrolysis to be more complete than under the
rether milder conditions used by liacFPhersone.

The application of the correction factor has
been to a certain extent justified durin

the excellent recoveries of arginine

g the course

of the work by

N obtained in Experiment VII of Section II from a

synthetic hydrolysate (99.,0%), for it seems unlikely

that such recoveries could have been obtained if the

difference/



Resultsg:-
Weight N/25 ml, Standard Arginine Solution (mg.)
Arginine N Kjeldahl N N% of Kjeldahl N
aecounted for

(Uncorrected values)
Standard Arginine 7.38 7.51 8,2
Eluate 736 7:+50 98,1

Ta 38.
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difference between the Kjeldahl

N and arginine N
values had been caused wholly by the presence of
& non-basic nitrogenous contaminant, However, the
question could only be settled conclusively by
studying recoveries of arginine from a specimen free
of nitrogenous impurity. It was therefore resolved
to clarify the issue by purifying the arginine
specimen already referred to by the applieation of
the technique evolved in Section II for separation
of the basic fraction from histone hydrolysates.
RPurification of Arginine using
dmberlite IRC-50

The pfocedure used for purification was that
already described in Section II for synthetic
protein hydrolysates. A standard arginine solution
was prepared of concentration ca. 1 mg./ml. and
micro-Kjeldahl and arginine N estimations carried
out on aliguots of this solution. A 25 ml. aliquot
of this solution was introduced into a columm of
Amberlite IRC-50 which had been prepared in the
usual manmer, and the column was washed with 175 ml.
water and finally eluted with 100 ml. N HCl. Miero-
Kjeldahl and arginine N estimations were cerried
out on the eluate and results were obtained as
given in Table 38.

Since the ratio of arginine N, as estimated by

alkaline hydrolysis, to the N as estimated by the

micro-Kjeldahl/
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micro-Kjeldahl method is not significantly altered
on purifying the arginine by this method, the results
of this experiment are again consistent with
MacPherson's statement that low recovery of arginine
is due to incomplete hydrolysis, although, of course,
it could be argued that the discrepancy was due to
the presence of a basic amino acid contaminant.

In this experiment, the percentages of the
Kjeldahl W accounted for are rather higher than have
been found previously, but the difference between
these results and the expected proportion of 97.6%
is less than 1% in each case and was not consideréd

to be significant.
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The modification of the Pauly reaction deseribed

LVATION OF HISTIDINE

by MacPherson (1946) was used throughout this work.
During preliminary work on histidine estimations
it was found that the gradient of the calibration curve
changed when determined at different times although
the same set of reagents was used. For this reason,
it was decided to plot a new calibration curve
each time histidine estimations were made, and all
histidine results quoted have been determined in
this way. A freshly prepared histidine solution
was invariably used as a standard.
The two typical curves given opposite, which
were determined with the same set of reagents,
illustrate the change in gradient with time,
Most of the estimations of histidine carried
out in this work involved the determination of
Cé. 79ag. histidine. The error for the corresponding
reading of the Spekker absorptiometer is of the
order of £1%. There is thus in the colorimetric
estimation of histidine an intrinsic error of o

* 19 involved in the reading of the instrument

alone,
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1°3.3:

THE SAKAGUCHI REACTION

The following modification of the Sakaguchi
reaction (Sakaguchi (1925) ) was used in testing
for arginine throughout this work. 2 ml. of 5%
| NaOH are added to 5 ml. of the solution to be tested
and this is followed by two drops of a 1% solution
©¢ nephthol in alcohol, and a single droﬁ of freshly
prepared 10% sodium hypochlorite. On shaking a
bright-red éolour quickly develops in the presence

of arginine in dilutions up to 1 : 10%
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THE _NINHYDRIN REACTION

The ninhydrin reaction was used in Section III
of this work to test for the presence of glycine in
the presence of lesser concentrations of the basie
amino acids. S drops of freshly prepared Q.2%
ninhydrin solution were added to each 5 ml, of the
solution to be tested and on boiling for two minutes
the colour developed in the presence of glyeine in
| dilutions up to 1 : 10%

In the experiments in Section III where qualitative
amino acid tests were applied to the various fractions
from column runs with test amino acid solutions, the
maximum concentration of any of the basic amino acids
which could possibly be present in any of the buffer
wash fractions tested was estimated at 1 : 3 x 10?
and at this concentration a negative result was
obtained on testing solutions of the basiec amino
acids under the conditions described above. Thus
the ninhydrin reaction could be used to test for
the presence of glycine in buffer wash fractions
without interference from any basic emino acids

which might also be present.



ANALYSIS OF HISTONES
Hydrolysis

100-200 mg. portions of histone sulphate were
used for each hydrolysis. The protein was dried
to constant weight and hydrolysed by refluxing it
with 7 ml. 7 N HCL for 30 hr. Before commencing
hydrolysis the protein was brought into solution
by warming it with the hydrochlorie aecid on the
water bath for a few minutes. The hydrolysate was
concentrated in vacuo at least two times, the pH
adjusted to 4~6 by titration with 0.5 N NaOH, and
the volume of the solution made to the required
standard volume -~ 30, 40, or 50 ml.

ol with 1it -

The resin was invariably prepared for use by
siphoning 200 ml. of N acetate buffer slowly through
the column, which contained about 13 ml. of resin
(20 x 1.5 em.). The column used was fitted with a
levelling device designed to maintain the surface
of the 1liquid in the column at a level Jjust above
that of the resin., Thus the buffer solution could
be allowed to siphon through the column evernight
without risk of the column rumhing dry. The excess
buffer was finally removed by washing the column
with 200 ml., water. The column was then ready for
use and a 25 ml, aliquot of the histone hydrolysate

was introduced. When this volume had run into the

columm/

[ 35.
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column the non-basic amino acids were washed

through with 175 ml., water. The 200 ml. effluent
containing the non-basic amino acids was designated
the water wash:* The basic amino acids were then
eluted from the column with 100 ml. N ECl and the
column prepared again for further use by washing
with N acetate buffer. The water wash and eluale
fractions were then concentrated in vacuo and their
volumes adjusted to 25 ml. in each case. The rates

of flow from the column were invariably kept below

20 ml. / br.

wor some of the earlier analyses the non-basiec
smino acids were washed of the column with 0.1 N
acetate buffer, pH 4.7, but this practice was
eventually discontinued for the reasons given in

the Discussion at the end of Section IT.



VAN SIVKE METHOD OF NITROGEN DISTRIBUTION

The details of the method are given in Van
Slyke's original paper (1911) on the subject, and
a comprehensive set of instructions for carrying
out amino N determinations is included in "Quantitative
Clinical Chemistry (Methods)" by Peters & Van Slyke
(1932).
For a solution containing the three basic amino
acids the difference between the total N content
and the amino N content of the amino acids represents
the non-amino N content, and since when treated with
nitrous acid for one hour, lysine gives off all,
arginine one fourth, and histidine one third of its
content of N,
Non-amino N = 8/4 x arginine N« 2/3 x histidine N
i.e. Histidine N = 3/2(non-amino N4 3/4 x arginine IV)
In Van Slyke's original paper on the nitrous
scid method for determining amino N it was stated
thet cystine and glycine react peculiarly in that
they evolve, under the conditions of the determinations,
6-8% more N than the theoretical results. Other
natﬁrally occurring amino acids were found to react
quantitatively with their o¢ amino groups only, with
the exception of lysine which reacted also at the
G position on treatment with nitrous acid for one

hour.
Kendrick & Hanke (1937) have published details

of a modification of the Van Slyke method which

yields/

137.



yields theoretical resultg for cystine ang glycine,
It is reported by Schmidt (1938) that, although
The Van Slyke methog is supposed to give fairly
reliable results for arginine, when the basie amino
acids are treated with nitrous acid for 30 minutes
some of the nitrogen from the Quanidine grouping of
arginine will be liberated. Since basic fractions

from hydrolysates of histones invariably contain a

much larger proportion of arginine than of histidine,

any decomposition of the guanigine group of arginine
could seriously reduce the accuracy of histidine

results obtained in this way.

The following experiment was designed to ascertain

the degree of accuracy of Van Slyke estimations of
arginine amino N. |
Estimations of Amino N with the Van

Slyke Apparatus

Since 0.6 mg. amino N is the maximum weight of
N which can be conveniently estimated in the Van
Slyke apparatus, and this weight is equivalent to
400 mm, Hg at a volume of 2 ml., it was decided that
wherever possible, either the volume of the aliquot
taken for estimation or the dilution of the solution
to be analysed, would be adjusted so that the amount
of amino N was equivalent to between 200 and 400 mm,
Hg., Since the manometer scale can be read easily

to 0.5 mm., the corresponding maximum possible error

attributable/

138.
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attributable to faulty reading of the manometer

scale is only 0.25%.
(1) Estimations on Standard Arginine Solution

A standard amino acid solution, volume 100 ml.,
was prepared from 64.7 mg. of dry arginine, and one
estimation of amino N carried out on a 5 ml. aliquot
of this solution. A reaction time of 1 hour was
used.

The results obtained was somewhat higher than
the amino N content calculated on the basis of
micro-Kjeldahl estimations on the same arginine
sample.

Resultg:-
N % of Theoretical N & 98.4
Drsr Weight of Arginine = 64.7 mg.
Weight of Arginine/5 ml.= 3.23 mg.
' = 0,256 mg, emino N
an Slvke Estimati ¢ Arsinipe Amino N
(5 ml. aliquot) 1 hr. reaction time
AMINO N cececscssecssscse Q0200 ME,

The fact that this result is 1.5% higher than
the value expected considerably reduces the value
of the Van Slyke method as applied to basic fractions
from hydrolysates of histones. In the histone
analyses reported in this work the weight of
arginine N is usually about seven times the weight

of histidine present, s0 that an error in arginine

amino/



amino N values will give rise to aproportionately
greater one in the dependent histidine values.
The values for histidine N which have been
obtained by the Van Slyke Nitrogen Distribution
Method have not been corrected to allow for
decomposition of arginine at the guanidine group,

and the fact that such values are almost invariably

low as compared with the corresponding values obtained

by the colorimetric method therefore suggests that
there is some decomposition at this position.

It is, unfortunately, impossible to be certain
that the disparity between the Van Slyke and the
colorimetric histidine values is due entirely to
such decomposition. A correction factor of 1.024
is applied to the arginine N values used in the
calculation of histidine N, and, as has already been
pointed out, the difference between arginine N
values obtained by the alkaline hydrolysis and
micro-Kjeldahl methods mey not be entirely due to
incomplete hydrolysis of arginine.

Tt is certainly interesting that when arginine
N values which have not been corrected to allow for
incomplete hydrolysis are used in calculating
histidine values, much better agreement is obtained.
This is illustrated by a comparison of the following

values for histidine N, calculated on the basis of

corrected and uncorrected arginine N values, with

the/
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the colorimetric value,

Main Component Ox Liver Histone ITT

Histidine N (% of total N)
Ven 51yke . Colorinetric
3.00, 2.80 3.41
(arginine corrected) )
3.61, 3.41

(arginine uncorrected)

However, when the possibility exists of some
decomposition of arginine at the guanidine position
on treatment with nitrous acid for one hour, one
would not be justified in employing uncorrected
arginine values. Thus, even when the Van Slyke
method is applied to the basic fractions quantitatively
separated from whole hydrolysates, there are still
serious disadvantages. There is the poscibility
of decomposition of arginine at the guanidine group
on treatment with nitrous acid, there is the problem
of deciding whether or not the correction of arginine
N values to allow for incomplete hydrolysis is
justified, and there is the considerable magnification
of all the experimental errors inherent in the
Van Slyke Method of Nitrogen Distribution when
applied to basic fractions in which the proportion
of histidine is small.

Tor these reasons little significance has been

attached to values for histidine N obtained by the

Van/
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Van Slyke method and such histidine values are
quoted only because it is considered that the fact
that it is possible to obtain even approximate values

for histidine N in this way, testifies to the purity

of the basie fractions.

(ii) Estimations on Standard Iysine
Dihydrochloride Solution

A standard solution of lysine dihydrochloride
was prepared containing 60.4 mg. dry solid in 100 ml,
solution and two estimations were carried out on
two separate 5 ml., portions of the solution. Both
results obtained agree within 1% with the theoretical
amino N value calculated on the.basis of Ijeldahl
estimations on the same lysine preparation.

Results:- |

% of Theoretical N& ©8.5

.f)ry Weight of Lysine dihydrochloride & €0.4 mg.
Weight of Lysine dihydrochloride/5 ml. &= 3.02 mg.

= 0,380 mg. anino N

Van Slyke Estimations of Lysine dihydrochloride

Apino N (5 ml. aliguote) 1 hr, reaction time
Amino N (mg.)
0.377,_0.380
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