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INTRODUCTION

Protein catalysts or enzymes are invélved in every
chemical process of anabolism and catabolism in all living material,
Probably the number of documented enzymes is only but a fraction
of the total number of different types of enzymes involved in
vital processes, Of these enzymes, the group known as
nucleases have been the object of considerable research and in
particular the'ribonucleases and deoxyribonucleases, The reason
that fhis group has attracted so much attention is twofold,
Firstly, is that they are enzymes involved in the.breakdown (and
synthesis, since many of their reactions are reversible) of
ribonucleic acid and deoxyribonucleic acid, both of which are
involved in directive procedures like protein synthesis,
Secondly, ribo-and deoxyribonucleases have been of interest because
many of them are of a relatively small mnlecular weight and
relatively easily characterized compared éo many other types of
enzymes, That is, their action is well defined and there seems
to be little complication due to the necessity for cofactors and
other activating compounds, as in the digestive system's enzymes for
example,

Although the action of nucleases is well defined in vitro
the exact metabolic role in vivo is still somewhat uncertain,
In the case of the extracellular nucleases the function is more
than probably one of breaking down unwanted polynucleotyd ic mat-

erial - a scavenger function, A study was made of DNAse




(deoxyribonuclease) II in the developing mouse embryo (1) and it
was found that generally DNAse activity was higher in organs and
areas of the body concerned with metabolic breakdown, such as
spleen and liver, Thus metabolic breakdown of DNA (deoxy-
ribonuclease acid) in these areas would be one of the prime
functions of DNAseIl, Probably this could be said for
extracellular ribonucleases as well,

The question of what function the intracellular nucleases
play in metabolism is much harder to answer, These types of
enzymes are abundant in variety, and although a degradative an&
repair role in ceils could be visualised, it is an unsatisfactory
theory since there seems to be littl degradation of nucleic acids
occurring in most functioning cells, With one major exception,
the nucleic acids seem to be the stable end products of metabolism,
and the exception is the small fraction, undergoing rapid turnover
which is generally considered to be or to contain RNA.

There have been many suggestions as to the role both intra
and extracellular nucleases might play in vivo but so far it has
not been possible to reach a decision, However the role of
nucleases in vitro is of great importance with respect to the
investigation of nuclestide sequence in RNA and thus the key to
understanding of protein synthesis (2, 3), The basic operation
in this in vitro application of nucleases, is the enzymatic

cleavage of RNA into oligonucleotides which are then




separated and characterized, As with a proteolytic enzyme
approach to the study of protein structure ”(4, 5, 253) the chance
of an unequivocal sequence determination is greater the more
different ways there are to split RNA, This ié a function of
the degradative specificity of the nucleases available, Thus
enzymes with new specificities would be useful. The alternative
approach is to alter the RNA or DNA so that the nuclease enzyme
breaks fewer bonds, thus yielding larger nucleotide fragments.

Ribonuclease enzymes with absolute specificity of action,
.and so of the greatest use in RNA sequence determination, are at
present few in number, Most of the ribonucleases with their
specificity established, so far show mainly a preferential
specificity and not an absolute spgcificity, None the less
ribonucleases having preferential specificity are of some use in
RNA seguence determination,

The nuclease group of enzymes as a whole can be classified
into two.divisions according to the mode of action - exonucleases
and endonucleases, The exonucleases hydrolyse from the end of
a nucleotide chain in an orderly and stepwise fashion, whilst the
endonucleases attack randomly at any point in the chain, The
useful ribonucleases belong to the second group, however nucleases
with exonuclease action are much used in RNA sequence determination,
eSpecialiy Venom phosphodiesterase, (6) and spleen
phosphodiesterase (7) which have a compl@mentary mode of action.

The venom phosphodiesterase hydrolyses from the 3' hydroxyl end in




a stepwise fashion to release the Siphosphates, and spleen
phosphodiesterase hydrolyses from the 5'-hydroxyl end to release
the 3'-phosphates,

Summarized below are a few of the interesting and possibly
useful endoribonucleases with their mode of action on RNA,

Bovine pancreatic RNAse (8, 9, also see section III of this

thesis) The hydrolysis of RNA by bovine pancreatic RNAse is
essentially a phosphorylation followed by an hydrolysis, It
splits the phosphodiester bonds of 3'-cytidylic and 3!'-uridylic
acid initially to form the nucleoside cyclic 2', 3'-phosphates
which are hydrolysed to the 3'-nucleotides of CMP and UMP, It
is therefore a very specific enzyme and the products, besides the
pyrimidine 3'-hucleotides, are the oligonucleotides of varying
lengths always terminating in a pyrimidine nucleotide, An
account of its practical use in conjunction with other ribonucleases
and nucieases in interpreting the base sequence of ribosanal RNA
" is given by F. Sanger et al, (10)

Similar to Pancreatic RNAse in thermal stability and type

of action, but not specificity, is Ribonuclease Tl isolated from
Takadiastase (Aspergillusoryzae.) (11, 12) RNAse T_ is
'guanylic acid specific and in a similar way to pancreatic RNAse

it splits the nucleotide chain between the 3'-guanylic acid

groups and the 5'-hydroxyl group of the adjacent nucleotide forming

an intermediary guanosine 2' 3'-cyclic phosphate. An enzyme
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isolated from the mould Neurospora crassa has the same

specificity (13)

Takadiastase also yields another ribonuclease, but this
RMAse is non-specific and is designated RNAse T2, (12, 14) The
T2 enzyme preferentially attacks phosphodiester bonds of adenylic
acid, but not specifically, since all linkages are eventually
attacked regardless of the nucleotide base, The mode of
action is the same as pancreatic and T RNAses with the formation
of intermediary 2'3'-cyclic phosphates,

Rushizky et al. (15) extracted seven new RNAses from
various microorganisms in an attempt to find new specificities.
The following were investigated:-

strain No.

1, Bacillus pumilus IFO 3028

2, Mucor genevensis IFO 4585
' 3, Bacillus cereus ATCC 10987

4, Lenzites tenuis IFO 4946

5. Monascus pilosus IFO 4480

6. Lipase B

7. Lipase B

1, 2 and 7 were found to have a specificity as in RNAse ?l’v'
hydrolysing the 5' linkage to give 3'-GMP. Enzymes from micro-
organisms _.3,4,5and 6 are non-specific giving the nucleoside

3L phosphates of all four bases,




At least three nucleases have been isolated from Phaseolus

aureus - mung bean sprouts, (16) two of which are ribonucleases -

ribonucleases My and M2, RNAse M) is an acid stable RNAse
which acts to give a mixture of 2'3'-cyclic nucleotides, The

cyclic purines are further hydrolysed to the 3'-phosphates,

whilst the pyrimidines are not, However it is not definitely
established that this enzyme, which produces the 2'3'-cyélic AMP and
GMP, also produces the resulting 3'ANMP and 3'GMP. A similar

acting RNAse to Ml is Tobacco leaf RNAse (17, 18) which is

unspecific, cleaving all phosphodiester bonds to the 2'3'-cyclic
esters and no further, Whilst these esters are inert to

further enzyme action, the purine cyclic nucleotides are-slowly’
hydrolysed to the nucleoside 3'-phosphate exclusively, This
enzyme might be useful in the preparation of 2'3'-cyclic nucleotides.

Micrococcus pyogenes (20, 23 ) nuclease is a nuclease

worth noting, (although not a ribonuclease) because it is often
used in conjunction with ribonucleases in RNA sequence
determination (19 ) The interesting features are an absolute
requirement for calcium ions for activity, production of
oligonucleotides bearing 3'- phosphate groups, and a possible
combination of endonucleolytic and exonucleolytic activities (20,
21) It is unspecific (although preferential cleavage has been

reported (22)) but it is specific in that when the 5!




phosphomonoester end group is present in the oligonucleotide, it
is inhibited, It also does not cleave the 2',3'-cyclic
phosphates, At all times of digestion mononucleotides form
a significant proportion of the product even though substantial
amounts of oligonucleotides remain undigested.

Rye grass RNAse (24), also an unspecific RNAse, hydrolyses

oligonucleotides regardless of whether they are terminated in 3' or
5'-phosphates at roughly equivalent rates unlike the above
Micrococcal nuclease, Similarly pancreatic RNAse does not
differentiate between 3' or 5'-phosphate termination of
oligonucleotide chains,

Another bacterial RNAse which has been found useful in

sequence analysis of RNA is Bacillus subtilis RNase (25) This

enzyme is unspecific but preferentially attacks GpGp and Gpap
linkages (Diagrammatic convention: p to the right of the
nucleoside =3'-phosphate linkage, and similarly p to the left of
the nuclenside=5'-phosphate, A,G,C and U=nucleosides) about 100
times faster than other phosphodiester bonds, Digestion is to
the mononucleotides via a 2'3'-cyclic phosphate intermediate.
Mention of a RNAse isonlated from hog spleen concludes this
brief outline of ribonucleases with respect to their use as tools
in RNA seqﬁence determination. Acid RNAse activity is very
widely distributed in different tissues and species; evidence is

available that this enzymatic activity is due to more than one




enzyme (26) The purification of enzymes responsible for this
activity has been attempted in only a very few cases, and very
often the comparison of the partially purified preparations
reported so far is difficult, The hog spleen acid RﬁAse
reported by Bernardi and Bernardi (27) showed interesting

features of specificity when natural and synthetic polyribo-
nucleotides were digested with this enzyme, Pelyuridylie zeid
was hydrolysed rapidly whereas polycytidylic and polyadenylic

were highly resistant to this enzyme, Purther elucidation of the

specificity of this enzyme continues,

Early work leading to the present investigations

Because of the importance of ribonucleases with respect to
their metabnlic role with RNA and protein synthesis, interest was
stimulated within this department by a report published in 1956
by Kaplan and Heppel (28) describing the purification and
properties of a ribonuclease from calf spleen. They isolated a
heat stable fraction, purified 700 fold with the reported.same
specificity as bovine pancreatic ribonuclease. The calf spleen
were obtained fresh from the slaughterhouse, carefully packed in
ice, Carrying out all operations at 3°C the spleen were
homogenized in a Waring blender with pH 7 sodium acetate buffer;
and then subjected to an ammonium sulphate fractionation at

PH 3.5. The enzyme extract was subsequently heat treated at the




same pH of 3,5 and an enzymically active 6OOC heat stable fraction
obtained, Final purification, after another ammonium sulphate
fractionation at pH7.0, dialysis, acetone precipitation and a
final ammonium sulphate fractionation at an acid pH again,

was by chromatography on Amberlite IRC-50 (XE64) resin, which
b?ought the degree of purification up to a factor of 700. The
pH optihum of this ribonuclease enzyme was between 6.0 and 6.5,
and therefore according to pH optimum this is an acidic
ribonuclease, The terminology is somewhat confused in the
literature, The ribonuclease of Kaplan and Heppel (28, 29)
above, although it has a pH optimum in the’acid range, can be
termed basic because of its behaviour on a cationic resin
exchange column, Similarly there are acidic ribonucleases
with respect to pH optima (29) which are also acidic with respect
to their ion-exchange adsorption properties, accounted for by

the constituent amino acid groups in the protein chain, Here-
after the term 'basic' ribonuclease will refer to its cationic
propefties.

The specificity of the basic calf spleen ribonuclease isolated
by Kaplan and Heppel was reported to be the same as pancreatic RNAse
(8, 28,) There was no evidence of any action upon DNA and this
confirms it as being a ribonuclease and not merely a nuclease,
Other properties that were reported as being in common with

pancreatic RNAse were a stimulation of activity in the presence




of Mg++ ions (MgCl2-O.OlM concentration) and the response to the
presencc of various other metal ions,

The most interesting aspect of the paper was a note appended
by W.R. Carroll on sedimentation measurements of the ribonuclease.
These ultracentrifuge measurements indicated that the ribonuclease
was of an unusually small size for an active protein, A
molecular weight of 2,000 - 5, 000 was suggested, The
implications and possibilities of isolating an enzyme with so low a
molecular weight are far reaching. An enzyme of this size
would be an attractive proposition for X-ray crystallographic
analysis (viz: recent work on Pancreatic RNAse ref (30) ), to
further investigations such as amino-acid sequence determination,
active-centre location, and, to eventually aid in the confirmation
of information and hypotheses already availabie on the actual
mode of enzyme attack and action,

It was with these possibilities in mind that work on
ribonuclease from calf spleen was initiated in 1961 in this
department (W,R. R, and J. E, - 37)

In the same year as Kaplan and Heppel's report (28) another
paper was also published by Maver and Greco (31) which, among
other nucleases, described a calf spleen ribonuclease., A
procedure was enunciated for the purification of DNAse and RNAse
activities of normal liver, spleen, two transplantable rat

hepatomas, and a transplantable rat lymphosarcoma. (Maver and

Iv




Greco (32 ) had previously shown that there was RNAse activity
present in catheptic preparations from calf spleen) Comparative
studies on the pH optima, magnesium ion inhibition, and heat
denaturation of the DNAse and RNAse activities from the above
mentioned tissue sources were made, The studies revealed
definite differences in the RNAse activities of liver and spleen,
and indicated that each tissue may have characteristic RNAse
activities, However resolution of the RNAses was incomplete
and thus little could be concluded as to the identity and
character of any RNAse at this stage - and no real comparison could
be made with the low molecular weight RNAse mentioned by Kaplan
and Heppel (28)

Maver and Greco 1959 (33 ) described the RNAse activities
of fractions obtained when spleen nuclease preparations were
~subjected to chromatographic analysis om cellulose anion and cation
exchangers, (34, 35). The RNAse activities were separated
from the DNAse activity in the spleen nuclease preparations by
means of the appropriate chromatographic techniqueson columns of
diethylaminoethyl cellulose (DEAE-cellulose), Several acid
RNAse fractions with similar characteristics were eluted., Also
a heat stable basic } ribonuclease was separated by chroma-

alkaline

tography or CM-cellulose anion exchanger at pH7.0 and therefore
must be é fairly basi¢ RNAse, This ribonuclease is probably

the corresponding enzyme to the one isolated from calf spleen by

II




Kaplan and Heppel (28) although the information with respect to
specificities was not in agreement,

In 1962 Maver and Greco (36) published an elaboration of
the work appearing in 1959 (33 ), The chromatographic
fractionation on DEAE-cellulose and CM-cellulose of the acid and
basic RNAses of bovine liver and spleen nuclease preparations were
described, These enzymes were sevarated from each other and
from the following associated enzyme systems:- acid phosphatase,

a non-specific phosphodiesterase and the deoxyribonucleése with
which it is associated, and the enzyme which hydrolyses cyclic
adenylic acid to 2'~-adenylic acid, The effect of Mgttions and
of heat on the acid and basic nucleases was demonstrated and also
the specificity was investigated. Once again it is almost
impossible tp decide which basic ribonuclease corresponds to that
reported by Kaplan and Heppel (28 ), The RNAses purified in
Maver: and Greco;s 1962 paper (36) digested RNA to purine as well

as pyrimidine nucleotides and guanylic and uridylic acids in

both the cyclic and non cyclic form were found in the acid and
basic RNAse digests, Although the ratios of adenylic to
cytidylic acid differed; being higher in the acid digest, and lower
in the basic RNAse digest, the specificity did not coincide with
that reported by Kaplan and Heppel (28) for their basic ribonuclease
which they reported to seem to have the same specificity as

pancreatic RNAse, This point of confusion was further investi-
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gated as part of the work of this thesis,

This was approximately the stage (1961)at which work in
this department was commenced on purification of the heat stable
basic ribonucleases of calf spleen (37 ). - The work was mainly
concerned with the perfection of purification and isolation of two
basic RNAses from calf spleen using the techniques mentioned in
previous papers (28, 29, 31, 32, 33, 34, 35, 36) as a broad basis,
but with the accent on refinement of technique; and in some
instances new techniques entirely were invoked, to obtain a
reproduceable end product from the extraction procedure. The
procedure was continually evolving over the period 1961-1964.

The investigation covered by this thesis was commenced in
October 1964 at a stage where the extraction technique was fairly
well definéd (37 ), but low yields of the end products indicated
the necessity of further extraction technique investigation,

The isolation of proteins from tissues, and their
eventual purification represents one of the most important problems
of biochemistry and is often a very complex problem with numerous
interdependant factors to consider (40, 41 ) One of the
principal considerations is the general lability of protein
material to temperature, (42, 43 ) pH extremes (41 ), organic
solvents (44 ), dilution factors (49 ), ultra violet light (45 )
and various other agents; leading to the eventual denaturation

of the protein. Also denaturation (46 ) is a very general

13




term and it describes a change in protéin structure with a loss of
one or more of the protein properties, The steric siructure of
an enzyme fluctﬁates between a number of slightly different
conformations within the same environment, but if this environ-
ment is changed the protein also suffers pronounced changes,

Often these changes are.irreversible with the breaking of non-
covalent bonds and sometimes disulphide bridges, and new
interactions within the molecule may occur which were not originally
present in the native protein, Therefore all techniques in
protein extraction and study have to be considered from a number
of viewpoints and any changes in procedure are strictly monitored
with respect to retention of enzyme activity and stability. The
early idea of protein as an amorphous, ill defined substance has
given way to the concept that proteins exist as specific and
definable molecular substances (47 ). Using this concept it
has been possible to treat the study of proteins as a true branch
of chemistry, and it is on this basis that the problem of
extraction and fractionation of ribonuclease from calf spleen was
approached, From many lines of evidence it is generally agreed
that each individual protein is a specific molecular entity with
unique composition, sequence and 3-Dimensional configuration

which endow the molecule with its particular biological useful-
ness and determine the special properties that are exploitable

‘for identification and separation. The outstanding and most
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utilized properties are: solubility, size, charge, lability,
density and biological activity.

Unfortunately the classic criteria of purity (48) used
by the organic chemist are of little use when working in the
field of protein chemistry. Examples of such criteria of purity
are crystallinity, melting point, and elementary analysis,
Crystallinity is, in itself, no proof of homogeneity, as it has
been shown that crystalline proteins contain substantial impurities
(38, 39 ), Similarly with analysis, such as finding the number
and type of amino-acids present in a protein is of little use as
criteria of purity, since it is the arrangement of the amino-acids
into primary and secondary structure with the resulting tertiary
structure (which accounts for the folding of polypeptide chains

into globular molecules) that characterizes a protein,

Scope of the present work

The work undertaken can be divided into three main
divisions:-

Part I Extraction and purification investigations

Part II Aggregation properties of the enzyme

Part III Specificity investigations

Part I BExtraction and purification

Besides the necessity of further investigations into the

15




extraction procedure, the lengthy operation was necessary to obtain
material to work with in further studies (parts II and III)., As
mentioned previously, the extraction technique has been the subject
of investigation and evolved over a period of three years and the
initial extraction carried out approximates to the procedure
resulting from this study. (J.E and W.R.R. 1961-1964, ref. 37).
The two main objects in mind have been to increase the yield of
enzyme extracted and to obtain as pure a product as possible,
Yield increase attempts were approached from two directions,
Firstly, attempts were made to extract more enzyme from the calf
spleen starting material by use of acid extractions of various
strengths, by the use of 2M urea present during the extraction
process, by the use of detergents, organic solvents and by re-
extraction of residues before their ultimate rejection. The
second approach to yield increase was by ensuring that no active
enzyme ﬁaterial was lost during any fractionation procedures,
This care entailed the monitoring of every stage of fractionation,
including both retained fractions and those normally discarded
fractions, Changes were made in the procedure in each
successive extraction programme in the attempt to increase the
yield of the active enzyme,

In later stages of purification, use is made of both
anionic DEAE-cellulose and cationic CM-cellulose ion exchange

column chromatography and also 'Sephadex' cross-linked dextran

16




gel filtratidn. The difficulty of ﬁroof of homogeneity and

the criteria that can be used with respect to prdtein material has
been discussed, and in the light of the knowledge of protein purity-
proof limitations, as many criteria of purity as possible have to
be used, The criteria discussed and used are based on charge -
CM-cellulose column chromatography, size - Sephadex gel filtration
and ultracentrifuge studies, size and charge -~ disc gel

electrophoresis, and finally specificity.

Part 11 Acgregation properties of the enzyme

The possibility of the enzyme being present as a dimer
or aggregate was investigated, This particular line of
investigation has largely been concerned with the behaviour of
the enzyme in the presence of various concentrations of urea
ranging from 2M to 8M urea, The action of urea, to the extent
that it is understood is discussed in detail. Pancreatic
ribonuclease enzyme maintains activity in urea concentrations of
aM (157, 158, 162, 104) but the elution pattern of the enzyme on
CM-cellulose columns is very different at these concentrations
as compared with its behavi~ur at 2M urea concentrations, A
complete extraction of the ribonuclease from calf spleen in the
presence of 2M urea at ali stages up to and including column
chromatography was carried out, in the hope that the hydrogen bond

relaxing properties of urea would increase the yield of enzyme
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recovered by possible disassociating it from other proteins,

The properties of the amino-acid leucine as an aid to
studying aggregation was also investigated. It is believed
(ref, 207 plus ) that protein structure and protein
organisation to some extent may be due to the folding of the amino
acid chain in proteins so that areas of an essentially hydrocarbon
or hydrophobic nature come together, that is, the parts of the
amino acid chains which contain a high proportion of amino acids
with hydrocarbon side chains such as alanine, valine, leucine,
isoleucine, phenylalanine and tyrosina, Thus these types of
amino-acids have a polar portion together with a non-polar end
of an essentially hydrocarbon nature in the same way as have
detergent molecules, These non-polar side groups will orientate
themselves in the protein mnlecule in such a way as to come
together to form hydrophobic centres or 'pools,! It was thought
that by eluting CM-cellulose cnlumns in the presence of leucine
(or a detergent) that the snlubilisation of the hydrocarbon 'poolé'
within the protein's secondary and tertiary structure would aid the
separation of aégregates if indeed present, The reason for the
choice of leucine and the results of its application to aggregation

studies are discussed.

Part I1I1 Specificity investigations

This section of study occupied about a third of the time
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spent on the complete enzyme investigation, Before the
specificity work was initiated, time was spent on improving the
yield of RNA obtained from Baker's yeast by trying a number of
variations in procedure including the use of ethyl acetate in
extraction, and chromatography on G-75 sephadex to obtain a purer
fraction of high molecular weight material,

A number of digests of RNA with ribonuclease enzyme were
performed and the products isnlated and characterized, In some
cases the digest prnducts were separated using DEAE-cellulose
column chromatography with a volatile ammonium carbonate elution
system, but in another digest this same system was used but with
subsequent application of the peaks to Dowex I égiggk exchange
columns for further separation of the nuclentide digest products.
However since it was the mononuclentides that were mainly of
interest to this investigation, other subsequent digests were
analysed using Dowex . -I 322523 exchange columns only, as the
ammonium carbonate used with DEAE-cellulose made analysis and
identification of the individual peaks collected difficult,

The nucleotide products of digestion were analyzed and their
identity as far as possible confirmed by the use of paper
chromatography, paper electrophoresis, cellulose thin layer
chromatography and ultra violet spectrophotometry.

Considerable experimentation on technique and some

improvements were made on the thin layer chromatographic separation
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of nucleotides on a cellulose medium,
The final results from specificity investigation have
enabled some conclusions to be drawn as to the specificity of

the basic ribonucleases from calf spleen,
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PART I




PART T

EXTRACTION AND PURIFICATION

Introduction

Enzymes commonly occur in vivo together with complex
mixtures of other enzymes, inert proteins, nucleic acids,
polysaccharides and lipids, Even those that occur in true
solution in the cytoplasm are often associéted in molecular
aggregates, It is important therefore in any extraction process
that the required enzyme be separated from the other constituents
present as gently and quickly as possible, Thus in the
extraction of extremely labile active proteins it is necessary
to observe one or two basic principles common to all such
extractions of labile biological material from tissues:- One of
the most difficult problems is to be sure of whether the enzyme
remains in the same state as it occured in vivo when it has been
isolated in vitro. The types of change .that could occur on
extraction are chemical reactions with breakage in some covalent
bonds in the molecule, and a change in the association with other
proteins or non-protein materials to which the protein molecule is
bound., Any one, or a combination of all these factors could
result in enzyme denaturation, which may terminate in the enzyme
being irreversibly changed (46) in structure with change or

complete loss of its characteristic properties. The following
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elementary precautions are observed in the initial extraction stage,

a) lorking at a low temperature

Proteins very widely in their stability to temperature
extremes and the ribonuclease being isolated is particularly stable
to temperature variation, However at this point in the
extraction procedure it is not so much the stability of the enzyme
being extracted that is of concern (this is of course important)
but the maintenance of a low temperature retains other enzymes
such as proteases at minimal activity since these types of enzymes
would digest part of the enzyme being extracted and so reduce the
yield, Similarly a low temperature maintains. micro-organism
activity at a minimal level, Because of the possibility of
p%oteolytic activity the initial stages of extraction are carried
through as quickly as poasible.

b) Surface denaturing effects

Attention should be rendered to the denaturing effect on
'proteins of surfaces, films and especially—foams. Surface

areas should be kept as small as is convenient and one should avoid
foaming of extracts during pouring, homogenising and stirring of
solutions, The denaturation caused by foaming can be quite
considerable in dilute solutions and hence it is advisable to work
with as concentrated solutions as possible since proteins seem

more stable in concentrated solutions for other reasons (49, 50)

c) pH control
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Adequate buffering of the extraction medium is important to
maintain pH control, which is certain to vary otherwise, due to the
release of varied cell constituents on maceration or homogenization
or what ever method of tissue component release is being used.

d) Denaturing effect of some metal ions

Some metals, especially the 'heavy' metals such as lead,
mercury and copper have a pronounced dénaturing effect or inhibiting
effect on enzyme activity (242, 244) A common source of such
contaminants in extraction are the extraction vessels, metal
stirrers, copper wire securing fixtures and often the large volumes
of salts used in 'salting out' contain such impurities. It is
therefore wise to include a suitable chelating agent in the
extraction buffer, Ethylenediaminetetra acetic acid (E.D.T.A.)
as the disodium salt is used in the below buffered extractant
solution to 'take up' such metal ions. (243)

Perhaps an even mnre important function of E.D.T.A. is to
'chelate! metal ions that are needed for enzyme-substrate reactions
and thus reduce these reactions, This is particularly important
in the case of proteolytic enzymes since these are often metal-ion
activated and by effectively removing the metal ion, their
reaction is inhibited (51) The possible functions of metal-ions
in enzyme-substrate systems are easily visualized:

(i) The metal may form a complex with donar atoms of either the

enzyme or substrate and thereby enhance their tendency towards

23



reaction;

(ii) it may serve merely as a bridge through common co-ordination
to bring the enzyme and substrate into proximity;

(iii) while serving function (ii) it may provide as well, a
chemical activating influence; and

(iv) while co-ordinated to either the enzyme or the substrate
it may appropriately orientate groups undergoing reaction,

It can be seen it is important that metal ions are as far as

possible 'removed' by the use of E,D.T.A., and also that pure
chemicals of 'Analar' grade and deionized water are used in making

up solutions and buffers,

EXTRACTION I

Source of material

The spleen were removed from young calves immediately after
slaughter, The calves were professionally slaughtered by
initially stunning by the use of a 'bolt gun' and rendered
unconscious, and then were hung up by their rear legs, and death
brought about by exsanguination by cutting of the throat. A
hollow needle was then inserted under the skin and air introduced
subcutaneously to aid the rem-~val of the skin, The spleen was
removed along with other entrails and imiediately placed in a
stainiess steel bucket and surrounded with small ice tips. The

time gap between slaughter and processing was represented by the
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Jjourney from Girvan in Ayrshire to the Chemistry Department
laboratories in Glasgow which was on average‘a lapse of three
hours. During this intervening period the spleen were kept
constantly surrounded with ice,

The average weight of a spleen was about seventy grams,
but the actual weight varied considerably., The sought-after
spleen were from young calves which had less accompanying fatty
material attached to the spleen outer capsular layer, This
capsular layer contains both fibrous tissue and unstriped muscle
which has the power of contracting and squeezing the spleen at
regular intervals, The main bulk of the spleen is made up
of blood vessels and collections of lymphoid tissue surrounding
small arteries, which are distributed fairly uniformly throughout
the spleen (52). Kaplan and Heppel (28) used young or calf
spleen, and for‘reproduceability this has been done here also,

As mentioned in the introduction ribonucleases are likely
to be more active in tissues concerned with metabolic breakdown
(1) and in & young calf these tissues are likely to be more active
than in the adult where metabolic rate will be slower, During
the second half of antenatal life it is reported (52) that the
spleen is actively engaged in the formation of red blood
corpuscles, In postnatal life spleen is also concerned with
breakdown of haemoglobin and formation of bilirubin, It is also

believed to destroy red blood corpuscles, lymphocytes and platelets
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and is important in the defence reactions of the body and

concerned with immune processes,

EXTRACTION I - STAGE I (See Experimental section - 1 and also

Summary chart - page 120)

Preparation of spleen and homogenization in pH 7.2 buffer

All work on extraction and purification of spleen was carried
out in a cold constant temperature room of.4° C. This
temperature was monitored over the period of a week with a clock-
work thermograph and the temperature variation was never more than
two degrees, that is, the temperature never normally rose above
6° c.

All bench surfaces used in the preparation and chopping of
the spleen were thoroughly washed using a commercial disinfectant
solution ("Dettol") and hands were thoroughly washed, using soap,
before handling the spleen, (It has been reported that human
skin sweat contains ribonucleases, but sweating would be minimal
af 40 C and amounts of contaminant so small, that this source of
contamination was disregarded (53 and 54 ),

The outer capsular layer was removed from each spleen by
stripping off manually, Likewise any fat material associated
with this layer was removed with a sharp knife. The stripped
spleen were then cut into thin sections and placed in a Waring

blender with three times their own volume of pH 7.2, lO—BM EDTA
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disodium salt, 0,05M sodium acetate buffer and blended or
"homogenized" for one minute at 12, 000 r,p.m, in a glass container,
This treatment gave a degree of tissue breakdown that was not too
fine to give centrifuging difficulties, but adequate without undue
heating of the material, although the temperature naturally did
rise somewhat, Frothing was minimal and care was taken when
the homogenate was transferred from the blender to a 5litre
beaker, to pour carefully down the inside of the beaker to avoid
further frothing, The homogenate at this stage was a bright
blo;d red,

This stage, and the following stage were carried through as
quickly as efficiency permits, because of possible proteolytic

action,

STAGE IT A and B - ACID EXTRACTION and pH3,5 AMMONIUM SULPHATE

FRACTIONATION

Introduction to the use of "saltingz out" in enzyme fractionation

(See Experimental section - Expt. 1) (58, 59, 60)

The process of salting out of a protein is a long
established practice in the field of protein separation, However
although the underlying assumption is, in most cases, that different
proteins are precipitated at different salt concentrations providing
pH and femperature are fixed; this is not always the correct

assumption and the process is more complex than it initially appears.
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The cause of salting out is not totally understood, but one
approach is that the salt ions become hydrated removing part of
the water, and therefore this is made unavailable as a solvent and
the protein precipitates out of solution., If an electrolyte is
progressively added to a protein solution there are two effects
noticeable, Firstly there is an increase in the protein
solubility, and secondly, as the concentration of the added
electrolyte increases there is a reduction in solubility so the
protein solubility passes through a maximum, The initial process
of increased solubility is known as "salting in" and the important
ions with respect to this process are the cations, where salts of
multivalent cations are the most effective. But in the '"salting
out" region with decrease in solubility with increase in salt
concentration, the critical ions are anions, and salts with multi-
valent anions such as sulphates, phosphates and citrates are
desirable. The best type of salt for "salting out" should
have a monovalent cation, and multivalent anion, should be very
soluble in water, and be readily available in pure and large
quantities, Ammonium sulphate is a salt that generally fulfills
the requirements adequately,

There are a number of variables that can be adjusted to
obtain the best results in salting out and these are:-
a) Nature of the ions

b) Ionic strength
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c) Temperature

d) pH

e) rate at which salt concentration is raised.

The fractionation of protein may be separated into two
principal types on the basis of these variables. Initially
there is salting out at constant temperature and pH with the choice
of ion and ionic strength variable, or there is salting out at
constant ionic strength with variation of pH and temperature.

The variability of pH and temperature during salting out are impor-
tant and should be controlled carefully during salt fractionations.
The relative solubilities of two proteins may vary very
rapidly with pH, A change in pH for example, may change the ratio
of the solubilities of the two proteins at a given salt concenijra~’

tion by several thousand times,

Similarly solubilities are very sensitive to temperature,
and a protein that may be soluble at o° ¢ may be virtually
completely precipitated at room temperature. This can
occasionally be a useful method of precipitation -~ +the reverse
temperature effect since most substances are more soluble at higher
temperatures, (Use of this effect was tried in Extraction V)

It has been found that contrary to original theory, proteins
do not appear in a fraction between characteristic fixed limits,
but the limits of fractionation themselves vary with the

concentration of a particular protein (all other variables being
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constant) Theory (60) dictated that the width of a given peak
in the distribution curve of separation was independent of proiein
concentration, but in a mixture of proteins the widths of the
peaks will vary with the concentration of the mixture. Dilution
of a mixture may separate or aggregate two peaks and which of the
two that occurs depends on the proteins involved, because dilution
shifts all peaks to higher concentrations, If dilution is too
great this shift may move beyond the saturation limit of the

salt and therefore never be precipitated, and anyway, precipitates
at the saturation limits are difficult to work with and not
desirable,

Although salting-out is more complex than it initially
seems or has been interpreted, it is still relatively simple and
a cheap method to operate, It is also a gentle method . for
delicate enzymic material.

Ammonium sulphate is about the best salt to use, but it
also has certain disadvantages, The main difficulty is one of
pH control due to loss of ammonia; also most commercial samplesv
are acid, There is also the difficulty of determining the pH
of solutions of ammonium sulphate above about 0.3 Molar

concentrations because of salt error and junction potential at

high salt concentrations.

STAGE 1II A. Acid extraction at pH 3.5 and 30% ammonium

sulphate saturation
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The pH of three litre aliquots of the freshly homogenized
material from Stage I was slowly brought to pH3.5 by the addition
of INHCE dropwise from a burette whilst the solution was
mechanically stirred, The slow addition was necessary so that
local areas of g;é%-pﬂ did not occur in the solution which might
lead to denaturation of the enzyme, Samples were taken at
intervals during the addition of the acid and the pH read using
a pH meter, Due to the rather heterogeneous mixture of tissue
material this could only be an approximate reading, By the
time the pH of the medium had reached 3,5 it had turned from a
. bright pink-red to a light chocolate brown colour, and this
change in colour also gave some indication of the acidity of the
solution and the end point (pH3.5) Stirring was continued for
a few minutes to ensure that the extract was homogenéous with
respect to pH, Care was taken to check that the stirring speed
was not over vigorous so as to bring about excessive frothing,

The "Analar" grade ammonium sulphate was added slowly by
hand until the concentration was equivalent to 30% (56) saturation.
The salt was added in solid form to prevent any further dilution
and sldwly added with stirring since rapid addition would result
in transient precipitation and redissolution of the protein and
" this favours enzyme inactivation and also salting out of an

amorphous precipitate which is a slow process, For reproduce-
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ability the salt was also added at a constant rate.

The amount of ammonium sulphate needed to bring a solution
to a specific level of saturation is given in published tables (55,
56, 57 ). The amounts of ammonium sulphate quoted in the below
predipitation stages were figures for work carried out at room
temperature, and therefore the actual percentage saturation value
will be a little higher than stated since the temperature worked
at was 4OC. But because the working temperature was always
constant, and this method of interpretation was constant, the
results were reproduceable,

A 30% saturated solution starting from an ammonium sulphate
free system is quoted to require 176 grams per litre. But due
to incomplete homogenization and the large volume of solid
material present, such as connective tissue etc, to have added 176
grams of ammonium sulphate would have raised the effective salt
~ concentration up to a level exceeding 30% saturation, (This
normally discarded fraction on centrifuging is found still to
contain activity and therefore to discard any more than is
necessary is undesirable - see later results) It was‘esti-
mated that 10% of the homogenate was solid material and the
émount of ammonium sulphate for this initial precipitation was

reduced by 10% to 160 grams per litre (see Experiment I in the
Experimental section for salt calculations.) That the salt

concentration should be exactly 30% saturated was not so
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important at this stage as this was a crude initial fractionation
step in which many proteins, muscle fibres, connective tissue,
blood vessels, and nerves etc. were removed,

The homogenate, now at pH3.5 and approximately at 30%
saturation, was left to stand overnight to allow full
precipitation , For the sake of reproduceability this interval
was maintained approximately the same in subsequent preparations,

The precipitate obtained on standing overnight contained
much falty material which tended to come to the top as a foam.
This was removed by hand and the remainder centrifuged at *9,000
r.p.m, at 2°. 30 C in polypropylene bottles. The solid material
(see details of later extraction where the solid was retained and
reextracted, page 62 ) was discarded and the supernatanf retained
for stage II B.

*The relationship between the centrifuge speeds quoted in

r.p.m, and {g' value is given in the Experimental section - EXP I.

Stage II B - 80% Ammonium sulphate fractionation

The supermnatant from stage II A was then made 80% saturated
with respect to ammonium sulphate by the addition (56) of 356 grams
per litre, which was also added slowly whilst the solution was
mechanically stirred, The rate of addition was not more than
150 grams per minute, The solution was allowed to stand over-

night and then centrifuged at 10,000 r.p.m. at 2-3° C and the

33



precipitate retained this time, Often there was a separation
within the standing solution prior to centrifuging, with heavier
material sinking to the bottom and a lighter (probably more fatty)
floating layer, and so it was possible to save centrifuging time
by syphoning off as far as possible the intervening clear solution
which was to be discarded.

The bulked precipitates were dissolved in about one litre
of 0.05M sodinm acetate, 10~M EDTA, pH7.2 buffer with continuous
stirring to produce a dark red solution which was then subjected to

heat treatment in stage three,

STAGE TIII -  HEAT TREATMENT

General introduction (61, 62)

This is an extremely valuable and efficient method of
fractionation of proteins providing the protein one wishes to
retain is itself relatively heat stable, In the case of the
ribonuclease being investigated, it has been shown to retain its
activity after being held at a temperature of 60°C for ten

minutes (28)

The destruction temperature of proteins is usually quite
sharply defined and different for each protein, and therefore by
heating a solution of protein to a temperature just below that

which would destroy the wanted protein, all other proteins with
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lower thermal denaturation values would precipitate out of
‘solution, The reason for this precipitation is that a decrease
in solubility usually accrmpanies the denaturation of a protein,
The unwanted protein material can be centrifuged off to leave the
wanted protein still present in solution, The presence of the
substrate in the case of enzymes often enables one to heat to a
higher temperature than would otherwise be possible without loss
of enzyme; and thereby obtaining a more efficient fractionation
(251)

Denaturation is a process of finite rate and therefore both
time and temperature must be accounted for. .In order to
establish the optimal conditions for thermal denaturation, both
these factors must be varied systematically in addition to the
optimum conditions of pH and ionic strength, (In later work,
variation of time and temperature of heat treatment were
investigated in the search for optimal conditions,)

The state of purity of a protein at the time of heat
treatment is also a critical factor, It generally seems that
less pure mixtures are more resistant to heat denaturation, and
also greater purification is achieved by the first heat treatment
than succeeding ones, and the less stable proteins evidently are

just those which are removed first,

Kaplan and Heppel (28) used heat treatment as a metnod of
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fractionation and found approximately 70% of the ribonuclease
activity of the original homogenate was destroyed in this heating
step in their procedure, Most of this activity lost will be
. that of the acid ribonucleases reported by Maver and Greco (31,53)
Thus in Kaplan and Heppel's purification of a basic ribonuclease
fraction from spleen this was a useful purification step and was
likewise carried out as follows:=-
Procedure

The pH of the dark red solution obtained from stage II B
was adjusted to pH3.5 again by the careful dropwise addition of
IN Hydrochloric acid with continuous mechanical.stirring.
Sometimes at this stage on reducing the pH a small white
membranous type of precipitate was obtained. The pH of the
solution was returned to neutral and the solution centrifuged.
However on return to neutrality most of the precipitate redissolved.
When the pH was once again returned to pH3.5 the same precipitate
reappeared, It was decided to ignore this since much other
material would be brought down in the heat treatment stage in any
case,

In carrying out the heating, three water baths were set
up, one at the desired temperature of 60°C, one at a temperature
of 80°C and one filled with ice surrounding a glass beaker, The
respective temperatures were maintained using bunsen burners under

the water baths, and with a little adjustment of the flame the
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temperature was held at the desired level with little trouble,.

The snlution to be treated was divided into 500 ml, aliquots in
one litre capacity beakers supported by an exactly fitting retort
ring and therby lowered into the 80°¢C Qater bath to such a point
that the level of the protein solution in the beaker was below the
level of the water in the bath, but not to the extent of resting on
the bottom of the bath which might have resulted in local over-
heating, The solution was stirred constantly by hand as the
temperature rose, When the solution had reached 60°C the beaker
was quickly transferred to the bath being maintained at 6OOC, and
by means of the supporting retort ring it was held in this bath
with constant stirring for exactly ten minutes. At the
termination of the heating at 60°C the protein snlution was poured
gently into the beaker that was cooling in the ice bath, in order
to lower the temperature to 5°C or so as quickly as possible,

Por reproduceability of results this exact procedure was
observed with all subsejuent heat treatments, and although some
experimentation with temperature was undertaken (see later results)
apparatus, size of beakers etc., were maintained constant,

The pH of the suspension of precipitated denatured protein
material resulting from this treatment was adjusted to pH7.2 and
then the solution was high speed centrifuged at 14, 000 - 15,000
r.p.m, at 3-400. The compacted solid material obtained was

resuspended in pH7.2 sodium acetate buffer and recentrifuged at
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15, 000 r.p.m., to ensure all activity had been collected. The

two supernatants were combined and carried forward to stage IV,

STAGE IV  SECOND ACID AIT'ONIUM SULPHATE PRECIPITATION AT pH2

The solution was adjusted carefully to pH2 with IN HCI (a
small buff coloured precipitate was obtained which was probably
due tn» proieins that were partially denatured by the heat treatment,
but were not rendered inscluble until a lower pH was experienced)

There was still residual ammonium sulphate present in the
solution at this stage, and in order to estimate the concentration
of ammonium sulphate to add in order to raise the level, this
residual amount must be estimated, Kaplan and Heppel (28)quote
the use of a Barnstead conductivity meter, but as this instrument
was not available the ammrnium sulphate was previously estimated
(J.B., 37) by the Nessler method (65). This method produced a
value of about 10% saturation with respect to ammonium sulphate.
However this estimation requires much dilution and is a lengthy
procedure and so in all future determinations the residual salt
level was accepted as being approximaiely 10% ammonium sulphate.
This estimate is not critical, since ammonium sulphate levels, as
previously discussed, are not as critical and specific as originally
thought and the purpose is to obtain a broad spectrum separation
of products and not a narrow defined specific separation,

The ammonium sulphate concentration was brought up to
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between 40 amd 50% saturation and a slight precipitate was
cehtrifuged down at 10,000 r.p.m., at 3-400 for thirty minutes.

The supernatant resulting was retained and then made 85% saturated
with ammonium sulphate observing the same precautions of addition
as previously described, The solution was allowed to stand
,overnight_and a light buff coloured precipitate resulted. This
was centrifuged at 10,000 r,p.m, at 3-400 and the supernatant
discarded. The precipitate obtained was dissolved in 0,005 M
TRIS/HCI, 10-4 EDTA, pE5.5 buffer by adding slowly to a stirred
solution until all of the precipitate had dissolved. The
precipitate was dissolved in the minimum volume of buffer in order
to retain a small volume because larger volumes will increase
8till further 6n dialysis in the next stage, and difficulty of
handling and denaturation factors will become important

considerations,

STAGE V  DIALYSIS

General introduction to dialysis (66, 67)

The use of dialysis in biochemistry dates from the time
Thomas Graham separated inorganic salts (and sugars) from proteins
by the use of a sac made of parchment paper. But by far the
most common material used now is extruded celléphane or Visking.
tubing.,  Briefly, there are two theories of the mechanism by

which dialysis operates, In one the membrane is considered to
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have the properties of a sieve with more or less rigid pores of
fixed size; whereas in the other theory the membrane is thought
to act as a solvent permitting solute to dissolve at the interface
on the side of the highest concentration, to diffuse through the
membrane and to emerge at the interface of lowest solute
concentration, However it has been demonstrated that cellophane
membranes do not function in this latter way.

“When cellophane tubing is wetted in water, electron
microscope studies have shown (75) it to be like a very thin sponge
with tortuous anastomosing pores or microcavities of various shapes
and sizes, It has:not a lot of resilience to stretch and
therefore care must be observed in the handling of this tubing
because stretching may result in the pores being enlarged and
thereby resulting in loss of standardization of sieving
capabilities,

Procedure

The dissolved precipitate from stage four was dialysed in
one inch diameter visking tubing against 0,005 M Tris/HCI, 10"4 M
EDTA, pH5.5 buffer in clean six litre capacity polyethylene buckets
for a total of twenty-four hours with three changes of dialysing
buffer, and occasional agitation of the buffer around the tubing.
The tubing was rinsed internally with deionized water prior to use
and also checked for perforations,. During the dialysing

procedure there was only slight precipitation of material and this
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was remnved by centrifugation at 10,000 r.p.m, at 3-400 for ten
minutes,

The dialysis will prepare the protein solution for the next
stage of purification, column chromatography on CM-cellulose, by
removing the salt and any small protein or peptide fragments that
can get through the membrane, but retaining the large active
protein molecules, Dialysis can lead to a loss of enzyme activity
and results of previous experiments with ribonuclease by W.R.R., and
J.E, (37) had given rise to doubts with regard to the expediency of
dialysis at this stage. v The dialysis problem will be dealt with

in further detail in later work. (page®9)

STAGE VI  CARBOXY-METHYL CELLULOSE COLUMN CHROMATOGRAPHY

Introduction to the use of Cil-cellulose,

Ribonucleases can in some circumstances be separated quite
successfully by the use of the cationic ion-exchange resin
Amberlite XE-64 (68, 69, 70, 71.) The latter resin has also
been applied to the chromatography of relatively basic proteins (72)
and was employed by Kaplan and Heppel (28) in the isolation of
the basic calf spleen ribonuclease, These workers reported a
40% loss of activity and it is therefore a somewhat less than
ideal method of purification and separation.,

Ion exchangers prepared from cellulose by the attachment of

a limited number of ionizable groups (73) provide a wide range
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of affinities for essentially all types of proteins, The open
structure of cellulose ion exchangers permits ready penetration

by large molecules, resulting in a high capacity for the adsorption
of proteins, The stability of the covalent bonds through which
ionizable groups are attached allows the use of an almost unlimited
variety of buffer species over a wide range of pH,

The charomatography of proteins on cellulose ion-exchangers
involves primarily the establishment of multiple electrostatic
bonds between charged sites on the surface of the absorbent and
sites bearing the opposite charge on the surface of the protein
moiecule. The number of such bonds that can be established
will determine the concentration of the competing ions required
for the release of the boﬁnd molecule, Thus a separation of
proteins may be achieved by the virtue of the fact that proteins
differing significally in charge density, or in number of charges
by virtue of size, may be expected to differ in their
requirements for elution. Charge distribution can also be
regarded as a factor, and the total effect of these factors will
determine the affinity of the protein for the adsorbent.
Differential elution is accomplished by reducing the number of
charges on the protein molecule through appropriate changes in pH,
or by decreasing the effectiveness of existing bonds by increasing

the salt concentration,

Because a basic ribonuclease was being isolated, Rees and
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Edmond (37) decided to use a cation exchanger, but not the
Amberlite XE-64 cation exchanger which caused considerable loss
of enzyme activity when used by Kaplan and Heppel (28) The
material of choice was the substituted cellulose cation exchanger
- carboxymethyl cellulose (or CM-cellulose) Maver and Greco (29)
8imilarly used CM-cellulose for the separation of their basic RNAse
fraction which was not held by the anionic D,E.A,E, - cellulose ion
exchanger.

The commercial grade of CM cellulose used was Whatman CM-T0
carboxymethyl cellulose,
Preparation of the commercial adsorbent (74) - See General Method

5 (a)

The dry powder was suspended in a solution of 0,5 N sodium

hydroxide made 0,5 N with respect to sodium chloride, and
mechanically stirred for twelve minutes, The presence of salt
reduces the possibility of disruption of the particles, It was
then céntrifuged at 1500 r.p.m. in 600 ml., cups for about five
minutes, the supernatant poured off and the residue of CM-
cellulose washed repeatedly with deionized water until it was free
of base as indicated by litmus paper. The CM~cellulose was
then suspended in the buffer at the pH which the column was
initially to be. "Fines" were also decanted off after allowing

fifteen minutes for the suspension to settle. More buffer was

added, and the CM-cellulose suspension was placed in the cold room
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with mechanical stirring overnight to equilibriate with the buffer
and to attain the correct temperature.

GM-cellulose column filling technique

The technique of filling described below was standard
procedure for filling all columns, (See General Method - G.M.5)

A clean glass column madé to a specific size with a tap key)was
fitted)after the column had been filled with a little initial
buffer, with a glass wool plug and clamped firmly into a vertical
position, It was found in later work that for the attainment
of uniform and symmetrical peaks, absolute verticality of the
chromatographic column was essential, and this could be checked
by means of a spirit level placed against the side of the column
or less accurately by means of a simple plumb-line, Then a
large filter funnel was fitted to the top of the column with a
mechanical stirrer positioned over the funnel to stir the
contents (fig, 1)

The whole apparatus was filled about two inches from the lip
of the funnel and topped up with a suspension of the CM-cellulose,
The stirrer was set in motion and a slow flow of buffer through the
column was allowed by opening the bottom tap to a small extent.

Thus in this way the column is filled slowly and evenly,

It is'important the column is filled without interruption as this
produces 'baading' or intérruption of homogeneity. As the

column will operate in the cold room, all column filling was carried
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out at this temperature to avoid contraction difficulties within
the column which would occur if it had to be transferred from &

room temperature of 2300 to the 4 °C of the cold room,

Application of protein to column and cradient elution (66, 67)

Introduction to gradient elution

The term 'gradient elution' refers to a procedure for the
mechanical mixing of the eluting agents to provide Smooth and
reproduceable increase in eluting power, The technique is
especially'suitable for the resolution of complex mixtures of
unknown or widely varying affinity for the exchanger. In
addition the eluted compounds are usually obtained in smaller
volumes with less tailing when gradient elution is used (66)

The system used below results in a convex gradient curve
since it was found (37) that this type of gradient with its
initial shafp incfease in eluting power gave the best separation
) ofvactive ribonuclease from other inactive proteins,

As shown in fig. (2) the apparaius consists of two distinct
chambers; the first of which is the reservoir which contains the
eluting agent solutién which is used for development of the
column; and the second, the constant volume mixing chamber which
vcontains the solvent in which the column is packed, The mixing
chamber is equipped with a stirrer which mixes the liquid already

present and the liquid drawn from the reservoir vessel,
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The operational procedure is simple, The column is set
up and the substances to be examined are applied to the top of the
column in the initial solvent which itself has little or no |
eluting action on the substances appliéd and wanted, After a
short period of washing with the initial solvent, the column is
connected to the mixing chamber, which in turn is connected to the
reservoir which has an hydrostatic superiority over the mixzing
chamber and column base outlet, Since the mixing chamber is
now a sealed airtight constant volume system, there is a pressure
on the contents and as the first solvent starts to move down the
column, the second solvent is drawn into the mixing chamber. The
gradient of the second solvent applied in this way is expressed

by:- 2. 303 logyy __X _ v where x = concentration of
X-x Ty
the second solvent in the

mixing chamber when a volume v has flowed into this chamber,and X

is the c¢oncentration of the secnnd solvent in the reservoir,

Y = yolume of the mixing chamber solution,

A plot can be made of x in the mixing chamber against v,

The shape of the plot is inde%endent of X but is dependent on Y.
The steepness of the curve can be altered by change in the volume

Y. v can be replaced by Vl - V2, where v1==volume of effluent

v2=dead volume of the

column,

providing the eluting agent travels without retention volume,
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Procedure

The protein solution was applied slowly to the column top
by means of a slow dripping separating funnel, Care was taken
not to disturb the level CM-cellulose surface or allow the column
to 'run dry' at the top. Once all the protein solution had
been applied, the liquid level was allowed to fall almost to the
cellulose surface, and then a small amount of starting buffer was
very carefully pipetted on to the column of CM-cellulose, The
column was then washed with 1500 mls., of initial buffer at pH5.5.
The mixing chamber and reservoir were then connected up as
described under the "Introduction to gradient elution" section
above and as shown in fig, (2) to set the gradient elution in
motion,

The buffer solutions used in the gradient weres-

In the reservoir 5 litres initially and then another 5

litres of 0,005M TRIS/HCI pHS.2, 10-%M
EDTA; 0.32M NaCl.

In the mixing chamber

(constant volume chamber) 3,75 litres of 0,005M TRIS/HCI,
pHS.5, 10-“M EDTA,
In this extraction I column, fifty ml, aliquots were collected by
means of a 50 ml, siphon on a "Towers" rotating fraction collector.

The rate of flow was adjusted to 175 mls. per hour. The 1500
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mls, of initial buffer column wash at pH5.5, eluted off that
protein not held by the column, A total of 150 tubes were
collected so giving a total eluent of seven and a half litres,

Method of location of protein and enzyme activity

There are several well known methods for estimation of
protein, but few are very accurate for the estimation of low concen-
tration of protein, and all methods have certain distinct
disadvantages, The four common methods discussed are the
Turbidimetric, Folin Ciocalteam, biluret and the use of u.v.
absorption.

' The turbidimetric techniques (92) are rapid and convenient
but yield different values with different proteins, and thus in
the case of separating a mixture of proteins, before and after
comparisons are of little use,

The Folin Ciocalteau reagent is used in a method described
by Lowry (79) and the final colour is the result of a biuret
reaction of protein with copver ion in the alkali, and a
reduction of the phosphomnlyodic-phosphotungstic reagent by the
tyrosine and tryptophan in the treated protein. The major
disadvantage 1S.— that the amount of colour varies with different
prnteins, In this respect it is less constant than the biuret
reaction, but more constant than the U.V. absorption method at
280 mu, Furthermore the colour is not strictly proportional

to concentration, It is however very sensitive to low
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concentrations, and is 10-20 times more sensitive than U,V,
absorption at 280 mu and a 100 times more sensitive than the
biuret reaction,

That substances containing two or more peptide bonds form a
purple complex with copper salts in alkaline solution, is the basis
of the biuret method of protein estimation (80) This method is
virtually specific to protein present in biological materials and
does not suffer from colour interference from other substances as
do the previous two methods and also the U.V, method of protein
determination, However more material is regquired for assay by
the biyret method and it cannot be used in the presence of
ammonium salts,

Most proteins exhibit a distinctive U,V, light absorption
maximum at 280 mu due primarily to the presence of tyrosine and
tryptophan, Since the tyrnsine and tryptophan content of various
enzymes normally only varies within reasonably narrow limits, the
absorption at 280 mu has been used as a rapid and fairly sensitive
method of protein estimation (81). Nucleic acids absorb more
strongl& at 260 mu than 280 mu, the reverse situation of proteins
and so Warburg and Christian (81) used this fact to eliminate the
interference of nucleic acid in protein estimation by this method.
Although the technique may give considerable error due to different
proteins and nucleic acids not having the same absorption, it is

very quick, is non-destructive and can be carried out in the
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presence of ammonium sulphate and other salts, On the basis

of these latter points this method was generally used for protein
location and estimation throughout this investigation, The
protein concentration is given by the formula (81):-

Protein concentration in mgs/ml = F X 1  x optical density
d
(0.p) at 280 mu where d= cell width in centimetres and from the

value of O, D 280 mu Vthe conversion factor F, which accounts for
0. D 260 mu

nucleic acid u.v, absorption, can be obtained from published

tables (81)

The protein fractions obtained by gradient elution of a
column are monitored by reading a sample from each tube (or each
alternate tube etc) in a 1 cm. quartz cuvette in a Unicam SP500
spectrophotometer.

The method of location of enzyme activity in the fractions
was by assay of a sample from every tube with yeast RNA, The
method is founded on the fact that during digestion of RNA by
RNAse, 40% of the total nucleic acid phosphorous is convertéd into
a form soluble in acid ﬁranyl acetate (82)

Method of routine assay for RNAse (See General Method 4)

0.25ml aliquots of a solution of high molecular Weight

yeast RNA (preparation page D42 ) were placed in ten ml, capacity

conical centrifuge tubes and this was followed by 0.25 ml aliquots

of the sample being assayed, The substrate and sample were
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thoroughly mixed and immersed in a constant temperature water
bath at 3700 for thirty minutes to digest. The RNA solution
used was made up in a 0,1 M Na succinate buffer, pH6.5 and 0,05M
with respect to magnesium ions since Kaplan and Heppel (28) had
reported that the presence of Mg++'ions stimulated activity gy
25-35%, in a similar way to pancreatic RNAse, The concen-
tration of RNA substrate was 1Omgs/ml.

The digest was terminated after thirty minutes by the
addition of 0,5 ml of MacFadyen's reagent (83) which was 0,25%
uranyl acetate in a 2,5% trichloracetic acid solution, The tube,
now containing 1 ml of material, was well shakenAand immersed in
a bath of iced water to ensure all reaction had ceased. Particular
eare was taken with drops of solution held by surface tension on
the walls of the tube and it was ensured that they were well
mixed, After a cooling period of about thirty minutes, each tube
was centrifuged for five minutes at 1500 r.p.m. All protein
and oligonucleotide material, other than perhaps a small quantity
of dinucleotides, should be precipitated by the uranyl acetate-
trichloracetic acid to leave only the mononucleotides in solution
as the uranyl salts. (84)

0.1 ml of supernatant was withdrawﬁ from each tube and
pipetted into a boiling tube and diluted to four mls, (i.e. x 40)

and then read at 260 mu in the U,V. spectrophotometer.

The optical density reading at 260 mu, and similaxly the
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protein optical density at 280 mu, were each plotted against the
fraction number, and thereby the fractions with enzyme activity
corresponding to protein presence could be pinpointed in readi-

ness for bulking of similar fractions for further study.

Results of CM-cellulose column chromatography of material from

Extraction I

After the collection of 150 fractions of 50 ml dimensions
each the column was washed with 2.5 litres of pH8,2 buffer which
was made molar with respect to sodium chloride, to ensure all
protein was removéd from the column, The strong salt solution
also has the function of regenerating the CM-cellulose column in
the Na%-form. Finally the column was washed copiously with the
initial buffer at ph5.5 ready for reapplication of fresh material.

The result of the fractionation on CM-cellulose is shown in
fig (3) with three initial protein peaks which had no RiAse
activity, and then two subsequent peaks which corresponded to two
RNAse activity peaks.

This elution pattern was the reproduceable and predicted
result of the extraction and purification procedure developed (37)
up to the stage from which further investigations were continued
by the writer.

It can be seen from these results that there are two region-

of activity and from the position of the activity peaks in the
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elution sequence, they must be attributed to a fairly basic RiiAse.
The active peaks were labelled RNAse A and B in order of elution,
but the naming has no intentional relationship with any other
RNAse A or B reported elsewhere other than by Rees and Edmond (37)
The active protein peaks were bulked as follows:-

Tubes 90-105 inclusive as peak A.

Tubes 107-115 inclusive as peak B,
- and separately dialysed against 0,005 M TRIS/HCI pHS.2, 10-%EDTA
over a period of twenty-four hours with three changes of buffer of
six litres each change, The A and B fractions were then
concentrated by the use nf small Cll~-cellulose concentrating columns.,

Protein Concentration - general

In protein isolation one is often presented with the problem
of having to concentrate large v-~lumes of dilute protein solutions,
There are a number of methods of doing this, but each has its
difficulties becausé of the special nature and properties of
proteins which are generally extremely sensitive to physical and
chemical manipulations and changes in environment. Proteins are
also more likely to suffer changes that may lead to denaturation
if maintained in dilute solution, and therefore besides ease of
handling, concentration is important for other reasons.

There are seven commonly used techniques of protein
concentration (85) and these are: adsorption, evaporation and

sublimation, precipitation, osmntic removal of solute, water
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adsorption by cross-linked gels, ultrafiltration and finally
centrifugation,

Of these seven methods the two that have been made use of
are the first two, namely adsorption, and evaporation and
sublimation.

Because proteins are sensitive to heat, few can withstand
normal evaporation techniques and thus a low temperature
evaporation or lyophilization is used. In thié technique the
protein is frozen and then subjected to a high vacuum which removes
the water from the protein by sublimation so reducing the volume
of the protein solution. The difficulties are that if any salts
are present, as the volume is reduced, the salt concentration
increases and similarly with changes in pH. The process of
freezing itself can actually harm some proteins also,

The possibility of using the adsorption properties of ion
exchangers in concentration of proteins was suggeﬁted by Peterson
and Sober 1956 (86). The basis of this method is the adsorption
of the protein solution of low ionic strength onto a suitable
short ion exchange column followed by displacement in a sharp band
by a strong eluting agent. The disadvantage of this approach
'to concentration is that the required eluting solvent may have an
undesirable composition for the next procedure, but this can bg
rectified by adding an extra step of dialysis,

Protein concentration - procedure
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The column was prepared by taking an 18cm x 1 cm length of
glass tubing, which was drawn to a small opening at one end, and
plugging this end with a bung of glass wool. The column was
filled up to the 3.5 cm level with CM-celluiose in the correct
‘form and equilibriated with 0,005 M Tris/HCI pHS,2, 10-4M EDTA
buffer. The column was pretreated by washing with 250 mls, of
the above buffer (initial buffer) before protein application,

The dialysed bulked protein solution of peak B (fraction 107-115

" inclusive - 450 mls.) was then applied to this small columa. The
protein was visibly seen to adhere to the top of the column as a
brown band, On completion of protein application, the column
was washed with 100 mls, of pH8.2 buffer and then the protein was
eluted off by the passage of buffer made 1 Molar with sodium
chloride.

As elution proceeded the protein band was seen to move down
the small column due to the displacing action of the Na¥ ions,
Small fractions were collected just before thevband reached the

glass wool plug and the band was completely eluted in a total

volume of 2mls, A further six mls. of eluate were collected and

retained for enzyme assay purposes to ensure all activity had been
collected. The concentrated sample of RNAse B was sealed and
stored in the deep freeze for further use,

Note on the U.V. absorption of RNAse B at 280 mu

Although the activities of RNAse A and B peaks on CM-
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cellulose are approximately similar, it was found in this and
subsequent preparations of RNAse B that the degree of U.V.
absorbence at 280 mu was unusually low compared with activity.
The reason may perhaps be suggested that this particular protein
fraction is particularly short of the chromophores that are
responsible for U,V. adsorption in this range, namely the aromatic
amino acids - tyrosine, tryptophan and phenylalanine (252),
Absorption at 280 mu may vary by a factor of five or more for equal
doncentrations of protein due to variations in the aromatic animo
acid content,

Further chromatography of RNAse veak A (fraction 90-105,CHC-I)

Artifacts are possible in any procedure and a component
isolated by one technique must be examined by other criteria
before its validity is accepted, and to avoid being deceived by
spurious fractions, it is advisable to subject the isoleted fraction
to a repetition of the original separation experiment. Thus
rechromatography can establish that the peak in question migrates
as a chromatographic entity in the absence of other fractions as
well as their presence; or it may reveal that the peak actually
comprises portions of other components eluted together because of
factors such as overloading, channeling, anomalous pH effects, and
improper elution etc. The formation of dissociable complexes
must also be considered and indeed it was thought that RNAse B

might be a subunit of the dissociable complex %, but there was no
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proof of purity or molecular weight estimation at this stage

that could give any more credence to this beyond mere conjecture.
However previous work (37) had found when activity region A was
reapplied to the recycled CM-cellulose column at pH8,2 and eluted
with the same salt gradient as previously (CMC-I), a similar
corresponding activity region A and B were obtained, When peeak
A from this rechromatography of the initial peak A was itselfagain
rechromatographed under the same conditions, only the one peak
corresponding in position of elution to peak A was obtained,

Two possible explanations for this phenomenon ceme to mind
and the initially favoured explanation was that-A was a dissociable
complex of B, Also it was thought that due to overloading of the
column and high protein concentration present, resulting in peak A
occluding portions of peak B, portions of peak B would be eluted
with peak A, Rechromatography of A in the presence of lower
total protein concentration, should therefore allow separation of
B from A; and indeed this did occur (37) and was supported by the
evidence of re-rechromatography of peak A to give one product.

Thus peak A from the present sepération (CrCc-I) was reapplied
to the same recharged column at pHS8.2, The column was washed with
1.5 litres of the initial pH8.2 buffer and then a 0.32 M sodium
| chloride gradient was applied to the column as previously, with the

" ommission of any pH gradient,

The buffer solutions used in the gradient were:-
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In the reservoir 1 litre of 0,005 M Tri%ﬁCI, pH8.2,
10~ EDTA, 0.32M Na C1

In the constant volume chamber 0.4 litre of 0,005M Tris/HCI, pHS.2

10~ EDTA,
Ten ml, fractions were collected. 74 fractions were collected
in the first instance and then 1 litre of buffer made molar with
respect to sodium chloride was passed through the column and a
further 76 fractions collected.
The proteih and enzyme location was carried out ag before and the

results plotted in fig. (4) CMC-II

Therefore the reapplication of peak A only gives one peak on
chrqmatography on CM-cellulose and confirms the eventual results
of previous workers (37) discussed in the above text and therefore
the theory of peak A being a multiple aggregate of peak B, in the
light of these results, cannot be confirmed.

Tubes 10-30 from CMC-II were bulked and the material dialysed
against initial buffer at pH8.2 with three changes of four litres
each, This material was then concentrated on a small CM~-
cellulose column as previously described (page 58 ) and the protein
solution stored in the deep freeze at -2200.

Further extraction procedures to obtain larger supplies of
the purified enzyme (both A and B) were carried out. Attempts
to improve yield and extraction technigues were the main conside-

rations in these subsequent extraction procedures. The
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procedure already described forms the basis of the further four
spleen extractions which were undertaken between October 1964 and
January 1967, Experimental details of each extraction are
recoried largely in the text due to the importance of changes in
exferimental procedure which are reflected in the results, but
details are also to be found in the Experimental section (EXPS, 1-
7). Also summary charts of extraction procedures are to be

found in figs, 17-21. The changes in procedure are discussed in
the following section, together with the reasons and theory involved
in these changes and also the results of changes are discussed
when possible, In a long extraction and purification process
such as described, there are so many variable factors that it is
not always possible to correlate changes of procedure with the
corresponding change in results, Each topic of change is
considered.below in the order that it would have occurred in the

initial extraction - I.

. I A Consideration of the re-extraction of nofmally discarded

residues

A Re-extraction with initial buffer.

Edmond (37) reported the yield of purified protein to as
far as the CM-cellulose stage VI to be about 1 mg., of protein per
spleen extracted, In Extraction I this was approximately
confirmed, singe 15 mgs. of RNAse B were obtained from 25 spleens,

The quantity of RNAse A obtained was not measured, but judging
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éolely from activity considerations the quantity is unlikely to
be any more than obtained for RWNAse B, Also, if the U.,V,
absorption method of protein estimation is taken into account, a
yield of approximately 1 mg of enzyme per spleen is a justified
conclusion for extraction I, However, it was thought possible
that an active organ such as the spleen, especially in a young
growing animal, would be a larger potential source of this
ribonuclease than in fact it appears at present.

The most obvious point of the procedure at which to initiate
increased efficiency of extraction investigations was the initial
extraction step -~ stage I. It will be recalled that the normal
process of extraction was an aqueous extraction with 0,05M sodium
acetate, 10-4M EDTA pH7.2 buffer, and then this same buffer at pH3.5
with the ratio of homogenised spleen to buffer of 1:3, Note
that phosphate buffers are not used as these are reported to give
poor activity with basic RNAses (90), The extract was then made
30% saturated with solid ammonium sulphate and precipitated
material and cell debris centrifuged and discarded.

It was not wanted to leave the homogenate to extract for
any longer length of time before the first ammonium sulphate
precipitation because of proteolytic attack and other harmful
protein - protein interactions, Besides, it was doubtful
whether an increase in the length of extraction period alone could

increase extraction of the enzyme in question, and so a more
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positive approach to efficient enzyme extraction was sought,

The solid material obtained after 30% ammonium sulphate
fractionation and centrifugation was discarded in Extraction I,
but in the extractions 2-5, the solid material was bulked in glass
beakers and two volumes of initial buffer were added and the
mixture stirred until all conglomerations of material had given
way to a thin brown suspension. The mixture was then brought
up to 30% saturation with respect to ammonium sulphate and
centrifuged. The supernatant from this and the initial extract-
ion and precipitetion were combined and taken on to the next stage

in the procedure.

B Reextraction with 0.25N sulphuric acid

Extraction 5 a&lso showed that further reextractions of the
above reextracted residue with 0.25N Sulphuric acid yielded further
active protein, The extraction with a sulphuric acid seems a
little drastic with respect to enzyme denaturation even for an acid
stable RNAse as was being isolated, but its use was reported by
Kunitz (89) where, in his classic isolation and crystallisation of
bovine pancreatic RNAse, the minced pancreas was allowed to extract
in cold 0.25N H2 SO4 for eighteen to twgnty-four hours, However
no reasons for its use were given, Roth (90) found that treatment
with the same strength of acid increased the‘alkaline ribonuclease

activity from liver fractions by ten times, This increase in
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activity was thought to be due to the destruction of a natural
inhibitor of the ribonuclease present in the homogenate, Much
research into RNAse inhibitors has been done since Kunitz's
isolation of pancreatic RNAse, In 1965 Roth (91) suggested that
the inhibitor present in the supernatant of rat liver may be a
protein capable of binding considerable quantities of alkaline
ribonuclease possibly through -SH groups on the inhibitor,
However this inhibitor is heat labile, is destroyed by heating at
65°C for five minutes and is not dialysable. Beard and
Razzell (87) also used 0,25N sulphuric acid in their extraction
process of an alkaline ribonculease from pig liver,

It was with these reports in mind that extraction of the
reextracted material was carried out with 0,25N sulphuric acid,
One volume of the acid was made 30% saturated with respect to
emmonium sulphate and slowly stirred into the reextracted residue
(at cold room temperature) The now acid mixture (pH approxi-
mately 1.2) was Sstirred mechanically for four days, and then was
centrifuged at 10,000 r.p.m. The residue was discarded and the

supernatant retained, but not neutralised at this stage in the

manner of Kunitz (89)
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Summary of initial reextraction of Extraction V

ORIGINAL HONOGENATE AS = ammonium
sulphate

pH3.5, 30¢% AS pption,

J _
RESIDUE supernatant ——
Reextract with buffer i
S B a, r) further AS pptions =
combined
i
RESIDUE - reextract with:- v T
: supernatant
0.25N H,.S0
2
o 24
30% AS pption
M)
Residue - supernatant
\L , 90% AS pption
Discard Heat treatment
Assay.

Further precipitation was accomplished by raising the ammonium

sulphate saturation to 90%, and the precipitate material was

- collected by centrifugation, The sample was then heat treated

at 60°C for ten minutés and éentrifuged and its further
development arrested at this stage - with the retention of the

supernatant for assay and activity determinations,
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Measurement of enzyme sctivity

Enzyme activity was assayed as described previously (page 52)
with an incubation time of thirty minutes at 3700. A unit of
enzyme activity following this procedure is defined as that amount
of enzyme which causes an optical density increment of 2,0 at 260
mu in the final diluted sample, The unit was defined by Kaplan
and Heppel in their original paper (28); the assay system also
being essentially the same in order to permit more reliable
comparisons, For best results it was desirable to restrict the
net optical density (0, D. ) to 0.10 in the final diluted sample,
This ideal was approximately achieved by experimentation in
dilution of the enzyme solution being assayed.

The net result of the O, 25 N sulphuric acid treatment at
the post heat treatment stage was that approximately 36% of
activity obtained by the acid treatment was retained. This
method of extraction was pursued no further because of time
limitations, but a method that extracts 3,1% activity from already
re-extracted material and then retains 5&% of the activity after
heat treatment warrants further investigation with respect to heat

stable basic spleen RNAse extraction. (see fig. 37 and accompany-

ing data table.)

C Comparison of m-butanol, urea, triton X-100 and Cetab . as

extraction aids.
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i) N-butanol - general

Enzymes are often located in tissues bound to lipid material.
The presence of fatty material was noticeable in the extraction
process especially duiing the initial ammonium sulphate fraction-
ation stages (page3l ), In order to separate protein from any
possible lipoprotein complexes a method must be found that will
separate the protein from any associated lipid constituent without
denaturation of the protein. The use of butanol was introduced
by Morton (94) and has subsequently been modified to a number of
separation uses, Through experiment, n-butanol in particular
has been found to be the least damaging to enzymes. Other
organic solvents such as: carbontetrachloride, chloroform and
toluene have proved of little use because of their denaturing
effects, The unique behavoiur of butanol may be attributed to
its very marked lipophilic character and this results in a rapid
penetration of the complex, Similarly it has a concomitant
hydrophilic property since it is soluble in water to the extent of
10,5% at OOC. Thus butanol has a detergent like action being
both water and fat soluble, and unlike most other organic solvents,
lipids can be extracted satisfactorily from aqueous solution.
Procedure

A 100 gms. of frozen material that had been retained from the
initial 30% ammonium sulphate precipitation and stored in the deep

freeze, were allowed to thaw at room temperature in polypropylene
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centrifuge bottles, Then & 100 mls, of 0,05M sodium acetate
pH7.2 buffer was made 30% saturated with respect to émmonium
sulphate to maintain the same conditions of protein precipitation
as in the extraction procedure, The solution was stirred and

placed in the cold room and was designated as the control extraction.

To a similar 100gms, of material, n-butanol was added to

give a 6% butanol solution, In the same manner a 20% butanol
extraction was set up, Thus at 6% and 20% butanol mixtures, a

one and two phase procedure respectively was being operated,

In the one phase procedure, there should be a dissociation of
lipoproteins, whilst in the two phase procedure-there is a similar
separation, but the emulsion 6f fatty material is taken up into
the butanol layer whereas the proteins remain in the clear agueous
layer. However the ribonuclease may not be associated with
1ipid material in this residue »f 309 ammonium sulphate
precipitation.

Both solutions were stirred intérmittently for thirty
minutes and then centrifuged at 10,000 r.p.m., for forty minutes;
filtered, and the supernatants were assayed with RNA,

ii) Detergents - general

Detergents act as solubilising agents with respect to their
action as used in protein extraction, Solubilization is the
spontaneous passage of solute molecules of a substance insoluble

in water into an aqueous solution of soap or detergent in which a
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thermodynamically stable solution is formed (98)

In the case of the protein being investigated, the RlAse
is not insoluble in water in normal circumstances, but it is
possible that it may not be "available'" to normal aqueous extraction
processes due to attachment or interaction with other molecules
such as lipids, to form lipoprotein complexes,

Synthetic detergents all have basically the same structure
which consists of a long hydrocarbon chain " moiety or "tail" which
is hydrophobic in nature, and a hydrophilic "head'" containing either
an jionic group which can render the detergent cationic or anionic

or else the detergent can be non-ionic, the hydrophilic group in

this case being a neutral ~entity. Thus detergent molecules
are often represented as :- "tail" C"head" molecules
diagrammatically.

Interaction between proteins and detergents may conceivably
involve electrostatic attraction between oppositely charged ionic
groups as well as mutual association of non-polar residues. The
action of a detergent on a lipid is that the non-polar hydrocarbon
"tails" orientate themselves so as to be closest to the lipid
surface or to "dissolve" in the surface, whilst the polar end of
the molecule remains free and the resultant effect is that the
lipid presents, in effect, a polar surface to the exterior due to

the detergent polar groups and therefore allows the 1lipid to be

dispersed in aqueous solution,
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The action of detergents on proteins depends on the conditions
of study, and often may result in denaturation, precipitation or
complex formation, The action of detergents on biological
systems is therefore much more complicated, Protein denaturation
by detergents often takes place at a much lower concentration of
detergent than it would occur with neutral denaturants such as urea
or guanidine hydrochloride (0.008M versus 8M,) The amount of
detergent to do this also depends on the concentration of the protein,

Detergents also inhibit the coagulation of denatured proteins,
whilst the same detergent can precipitate the native protein,

Exéess detergent leads to a dispersal of the precipitate.

Though initially the use of detergents seems an attractive
propnsition with ubiquitous uses in protein extraction,-it is
discovered in practice that their value is somewhat smaller,
Frequently their use is in an 'all or none' category and the reason
appears to be that their mode of action involves strong bonding
between the lipophilic portion of the protein and of thé detergent
molecule, This complex formation is often very difficult to
reverse, and therefore in the preparation of a pure enzyme sample,
detergents are of little use, Invariably also, denaturation of
the protein follows, The large amounts of detergent bound to
. protein components, present similar surfaces to the solution, thus
largely hiding the inherent differences in the protein components

and causing them to behave similarly in any fractionation
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procedure,

Tergitol NPX is a non-ionic detergent and was used to aid the
release of an acid RNAse (99) Sucrose homogenates were being
prepared from brain and cervical spinal cords of teleostian fish
and an amphibian, and the homogenates were separated into a nuclear
fraction, a microsomal fraction and a non-sedimentable supematant
by preparative centrifugation, The original homogenate and
each of the separated fractions were assayed for acid phosphatase
and an acid RNAse, The addition of Tergitol NPX to the
homogenate by Jones and Janoff (99) caused the release of nearly
100% of the granule associated RNAse intp the non-sedimentable
phase of the homogenate,

If a similar release of associated ribonuclease from any
precipitated material in the extraction of basic RNAse from calf
spleen could be obtained by the addition of a non-ionic detergent,
this would be a valuable aid and improvement on the present
extraction without the use of detergents.

Triton X-100 is also a non-ionic detergent, and this part-
icular non-ionic detergent was chosen more or less empirically as
a solubilizing agent for extraction since it was readily available,
It was hoped that a neutral non-ionic form of detergent would be
somewhat milder in action than a cationic detergent. Uée was made
of this detergent in the solubilization of particulate cytochrome

oxidase (95). Similarly Triton X-100 has been recently reported
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(96) to have been used in the release of RNAse activity in rat
liver particulate study, It was stated in this paper that the -
release of enzyme activities with increasing concentrations of
detergent could be attributed solely to the effect of this
detergent on the intracellular structure perhaps of the membranes,
The increase occurred up to a maximum concentration of 0,1%
Triton X-100,

Because of availability of cationic detergents, cetyl-
trimethyl ammonium bromide (Cetab,) was chosen as the cationic
‘ detergent to test the effect of solubilization on enzyme extraction,
A cationic detergent was thought worthy of investigation because
of the relatively basic nature of the enzyme being isolated and
as with Triton X-100 it was hoped that it would aid the extraction
of the enzyme from the homogenate,

The exact mode of the action of the two detergents chosen
for experimentation is not fully understood and the choice, and
concentration decision is largely empirical, The possible

effects nf detergent use has been reviewed comprehensively by

Putnam (97)

Procedure
A 100 mls, of buffer at pH7.2 was made 1% (v/v) with
Triton X-100 and added to 100 gms of the homogenate and 30%

ammonium sulphate precipitated material, Similarly a 1%
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solution of Cetab, in buffer was added to a 100gms of the
precipitate, Both solutions were stirred for ten minutes and
centrifuged at 10, 000 r,p.m, for ten minutes or fifteen minutes
in the case of 'Cetab' extraction since this.proved difficult to
centrifuge, Aliquots of the supernatant were taken and assayed
for activity,
(iii) Use of urea

The use of urea and its effect with proteins is discussed
in greater detail in the next section (page 185 ),Part II of
this thesis. |

The extraordinary solvent action of urea.solution with
proteins has long been known, but the action of urea still remains
unexplained, However there is no shortage of theories about
its possible mode of action with proteins at various concentra-
tions of urea, One of the principal theories is that urea is
a competitive breaker of hydrogen bonds (100) Studies on model
compounds of urea in solution do not support the view that urea
facilitates the breaking of hydrogen bonded structures in protein,

Whatever the theory behind urea action, the employment of
the concept of urea as a competitive breaker of hydrogen bonds has
been very useful, For example it has been shown that urea can
dissociate the complex enzyme flavocytochrome b2 into a haemo-
protein, a flavin, and a polynucleotide (101) Urea has also

been found an effective extracting agent for separating pituitary
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tissue proteins (102) and is presumed to act in reducing protein
interaction, It is precisely along these lines that the use of
urea was considered in the case of the spleen RNAse extraction.

It was thought that after homogenization, probably the
majority of the RNAse activity would be extracted with the initial
buffer at pH3.5 and not precipitated with 30% ammonium sulphate,
However, it was also thought very probable that there would be
considerable quantities of active enzyme, 'trapped' in the
normally discarded material, The manner in which this 'trapped!'
protein might be held was open to speculation, Lipoprotein
complexes have already been considered, but more likely is some
type of protein-protein association of the enzyme either with a
non spécific protein by hydrogen bonding, or a more specific
protein-protein association of a coenzyme type compound or
enzyme-inhibitor complex, Thus some aid to diminish hydrogen
bonding and so release more enzyme molecules was sought and the
urea hydrogen bond breaking theory seemed applicable to the problem,

The theory had been invoked by Tsaryuk (103) whilst extracting
& proteinase from brain homogenates, Following brain homogenate
incubation in urea, there was a facilitated release of alkaline
RNAse up to a maximum of 3M urea concentration, Higher
concentrations were reported to denature the enzyme, It
was also reported that similarly to pancreatic RNAse (104), an

alkaline RNAse (from liver) is stable in urea and therefore urea
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in moderate concentrations seems to exert a gtabilising effect on
R¥Ase (105)
Procedure
Two portions of a 100 mls, of initial pH7.2 buffer were
made respectively 6M and 3M with 'Analar' grade urea and stirred
for ten minutes and then left to stand overnight, The two.éamples
were centrifuged and aliquots of the résulting supernatant were
taken for assay with RNA. ‘
Results of control (page 69 ), butanol, detergent and

urea extractions are tabulated below:-

Zero blank Assay 0.D. 260 Difference

Control 0.112 0.505 0.373
n-butanol 6% 0,103 0.323 - 0.220
20% 0.124 0,300 0,176

Urea 6M 0.124 0.400 0.276
M | o0.124 0,447 0.534
e X100 1 euiss 0.495 0.360
CETAB 1% 0,133 0.515 0.382

A éero blank' digest was carried out and 0,25 ml of RNA solution

. were pipetted into the digest tube and then 0.5 ml of
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uranylacetate /TCA solution, The test solution was then added
and the tube thoroughly shaken and placed in an ice bath. Thus
this was a zero time blank, The digests were carried out by

the methods previously described except that the incubation period

at 3700 was forty-five minutes instead of the usual thirty minutes,
The results were merely expressed as the optical density readings
at 260 mu from the U,V, spectrophotometer, but as all the protein
samples were of the same source and all other factors were constant
(except the extracting agents) the results are comparable,

With the exception of n-butanol as an extractant there
seems to be little sighificant difference between the other
methods, n-Butanol is therefore of little use in extracting
active enzyme material under these conditions, Similarly 6M urea
seems a somewhat low result compéred with 3M urea, though probably

the result is of no significant difference,

1]l Changes made in the ammonium sulphate fractionation procedure

As previously discussed precipitation of enzymes by 'salting
-out! with ammonium sulphate is far from an exact and pfedictable
method of protein isolation, Besides such controllable factors
such as temperature, salt concentration, and pH, the precipitation
is also dependent on the concentration of protein present and in

the fractionation procedure described this is not controllable,
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Therefore ammonium sulphate as a tool of initial purification, is
used not as a refined narrow spectrum precipitation technique but
as a wide spectrum precipitant, The object, therefore, is to
precipitate the enzyme wanted over a wide range so as to ensure
that absolutely all activity is collected,

There is also another factor to be taken into consideration
which is that enzymes are often in the form of multiple aggregations
of a monomeric form, Chesbro (1966) (108) has showm, workingiﬂitfi a
staphylococcal nuclease with active units possessing molecular
weights from 3,000 or less to about 30,000, that the position of
fractionation with ammonium sulphate depended on molecular weight,
and indeed there was a fraction that was still soluble and not
precipitaﬁed by saturated ammonium sulphate, This soluble
fraction in ammonium sulphate had molecular weights ranging from
about 6,500 and under, Thus if the conditions leading to
dissociation are not understood a wide fractionation range should
be taken with ammonium sulphate precipitation, Undoubtedly
much unwanted protein will also be precipitated at the same time,
but furthef and more predictable techniques can be used to remove
these impurities, The use of ammonium sulphate as a fraction-
ation procedure can be likened to the use of a large fork to dig
the garden, and then more refined cultivation techniques can be
applied,

In extraction I in accordance with the method of Kaplan and

78



Heppel (28), & second acid fractionation at pH2.0 was performed,
but this step waé omitted completely from extraction 2 because it
was considered that little could be achieved by a repeat precipit-
ation under similar conditions of pH as in stage IIB of extraction
I, The purification in this latter case proceeded directly to
dialysis after heat treatment,

The results after chromotography on CM-cellulose (TMC-2,
fig. 5) were little different from those of extraction I which had
a stage IV pH2,0 ammonium sulphate fractionation - giving two

activity peaks - A and B (fig. 5).

The large protein peak labelled 'x with a very small associated
activity peak may have been the result of the elimination of the
second acid ammonium sulphate fractionation at stage IV since this
was not present in CMC - I (fig. 3) column extraction I,

Therefore, by the exclusion of this step, there was a fourth
largely inactive protein peak on CM-cellulose chromatography and,
as a result, the second ammonium sulphate fractionation at stage
IV was retained in all future extractionations but at pH7.0, and
not pH2.0 since there seemed little justification for this low pH,

In extractions I and II at the ammonium sulphate precipit-
ation at stage IIB before heat treatment, the concentration of the
salt was always increased to 85¢% saturation., Nevertheless it
was always suspected, and in extractions 4 and 5 confirmed, that

a large proportion of the active enzyme was not precipitated even
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at this high salt level, In extraction 4 the number of activity
units discarded was more than those retained (see fig. 6), A
sample of this normally discarded supernatant from the final 85%
saturation level was retained and increased to saturatibn level

and allowed to stand overnight. There was, as a result of this
treatment, a further precipitation of active protein which was
removed by centrifugation and dissolved in buffer for assay pur-
poses along with all other samples taken during extraction 4 and

the results obtained as shown - fig., no. 6

From this diagram (fig. no.6) it can be seen that even at
saturation with ammonium sulphate there is yet unprecipitated
activity in the supernatant solution - Stage 'e' fig, 6.

Extraction 4 was accomplished completely in the presence
of 2M urea from the initial homogenizing step, but extraction 5
was executed without urea and the same results were obtained
where large proportions of the entire activity were soluble in

solutions of 90% ammonium sulphate saturation and above, (See fig.7?

for comparison of Extraction 4 and 5 results).
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It is noted that the loss due to unprecipitated activity was
appreciably higher in the presence of urea, This may be due to
the effect urea has on dissnciation of protein molecular *aggregates
*(for full discussion see "Aggregation" Section II) thus giving a
larger proportion of dissociated enzyme molecules perhaps in their
monomer form, and therefore not precipitated by saturated ammonium
sulphate in a similar and parallel fashion to the staphylococcal
nuclease preparation reported by Chesbro (108)

Possibly this saturation-point soluble RNAse activity does
not belong to a basic RNAse at all, so a portion of this fraction
of supematant from extraction 5 was subjected to heat treatment in
the usual manner of 60°C for ten minutes, in order to estimate the

proportion that was heat stable and therefore likely to be of

interest,

Heat treatment

Procedure for 90% ammonium sulphate soluble activity from

extraction 5 (see fig, 37)

The 90% saturated material was removed from the cold room
at 5°C and allowed to rise to room temperature at 16°¢. This
was done because often solubilities are very sensitive to temper-
ature and as previously stated a protein that may be soluble at
0°C in a certain ammonium sulphate solution may be completely
precipitated out at room temperature, Consequently this reverse

temperature effect was tried. The results were disappointing
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and there was no evidence of an increase in precipitation over and
above that achieved at SOC, and so the material was replaced in the
cold room to return to 5°C. After centrifugation at 10,000 r.p.m.
for fifteen minutes a soft pale precipitate was obtained and was
dissolved in initial buffer at pH7,O,. A sample was retained for
assay and the rest was adjusted to pH3.5 and subjected to 60°C heat
treatment for ten minutes, On cooling the pH was readjusted to
PH7.0 and the heat treated material eentrifuged at 10,000 r,.p.m,
Assays were carried out on the resultant superﬁatant.

The result of the assays was illuminating since it showed
that only 9% of the activity that was soluble in near saturation
point salt, was active after heat treatment. Therefore at
stage IIB fhe technique enables most of the activity to be recovered
when the ammonium sulphate concentration is taken almost to satur-
ation in this precipitation preceding heat treatment,

- Similarly as with stage IIB, in the final ammonium sulphate
fractionation after heat treatment at stage IV (see fig, 21 and 37)
there is considerable loss of activity which is still soluble at
85-90% salt saturation. Since all RNAse activity by this stage
is heat stable, this fraction must be considered as wanted enzyme
and also this solubility in high concentrations of ammonium
sulphate has re-occurred since stage IIB, because all thelmaterial
heat treated was insoluble in ammonium sulphate at 85-90% saturation

prior to the heat treatment. There seems to be some kind of
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equilibrium established between enzyme which is still soluble and
enzyme which is insoluble and precipitated at 85-90% salt
saturation,

The explanation which best fits the facts is that founded
on the recent work of Chesbro et al, (108); that the enzyme (like
many other proteins) exists in a number of states of aggregation.
Thoée with the smaller molecular weights are soluble in ammonium
sulphate concentrations which near saturation point, Therefore
when the larger aggregates were removed at stage IIB by virtue of
their insolubility at near saturation point, and subjected to heat
treatment, there was probably a dissociation of aggregates to give
the smaller multiples of the monomer unit. The stimulus to
dissociate may have been due to thermal effects, or protein dilution
effects, or a combination of these and other changes in environ-
ment,

The total activity destroyed by heat treatment in extraction
5 was 89%, The sudden fall in protein concentration in solution
after heat treatment could also be used to explain the soluble and
unrecoverable activity by virtue of altering the ammonium sulphate
fractionation spectrum to put some activity beyond the saturation
limit, But this does little to explain why all the protein
should not be soluble, and not as in the present situation where
some protein was soluble and some was insoluble, The first

expounded theory, summning  deviation in mglecular sizes is more
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attractive,

Summary of the efficiency of ammonium sulphate as a fractionation

procedure

By increasing the ammonium sulphate to at least 90% saturation
at stage IIB, the majority of the active heat stable enzyme‘can be
precipitated from solution, and that which is not is only a small
proportion, Disc electrophoresis (detail page IW40 ) indicated
that the remaining 10% heat stable enzyme which was soluble at near
saturation level contains the characteristic bands of the wanted
protein as well as other proteins, Evidence -strongly suggests
that this latter 10% heat stable RNAse was of low molecular wéight
approaching that mentioned by Kaplan and Heppel (28)

The problem of loss of enzyme during the final ammonium
sulphate fractionation(stage IV)still remains and no method was
devised to recover the unprecipitated activity.

The presence of urea appears to have no effect on fraction-

ation procedures,

ITI Temperature variation experiments

Kaplan and Heppel (28) studied the lability of their basic
splenic ribonuclease and found it quite stable when held at 60°C
for ten minutes at pH2,0, but lost 2Q% of its activity after

treatment at 80°Cc for ten minutes at pH3. 3. But Mawver and Greco
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(29) reported at least four acid ribonucleases which were heat
labile and these were destroyed during the 60°C heat treatment
and probably account for Kaplan and Heppel's loss of T0% activity

on heat treatment (90% loss in extraction 5)

Roth (106), and Beard and Razzell (105) have isolated a
protein inhibitor of alkaline ribonuclease from liver fractions,
The inhibitor has been partially purified by Roth and was reported
to be heat labile, In 1965, Roth (91) akso described an inhibitor
from the supernatant fraction of rat liver which may be a protein
capable of binding considerable quantities of alkaline ribo-
nuclease, The inhibitor was also heat labile and was destroyed
by heating at 6500 for five minutes,

Whether the inhibitor woruld be destroyed by heat treatment
used in the preceding extraction I is debatable and its destruction
could not be stated as certain, Thus there are grounds for
use of a higher temperature for heat treatment of the RNAse.
Previous data (28) shows that even a temperature of 80°C for ten
minutes, only results in a 20% loss of active RNAse, so & slightly
higher temperature could be accommodated without any loss of
basic RNAse activity.

In extraction 2 (which was performed prior to knowledge of
Roth's report on inhibitor lability limits) the heat treatment of
the protein solution was carried out at 67°C for ten minutes, using

an 8500 bath to bring samples up to the treatment temperature,
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This change was made with the aim of using this step as an even
greater separative procedure with the removing of the three or so
initial inactive peaks obtained on CM-cellulose chromatography
(see CMC-I fig, 3) of the post heat treated stage. The higher
the temperature that can be used without loss of wanted activity,

the more efficient the treatment becomes,

Results

From the results obtained from CM~cellulose chromatography
which immediately followed heat treatment in extraction 2,(CMC—2
fig. 5) no difference in elution pattern was experienced that
could be attributed to the use of a higher temperature,

Extrdction 3 saw the introduction of a D.E.A.E.-cellulose
column step after dialysis or desalting,and the temperature of
heat treatment was returned to 60°C since there was no apparent
advantage of using 6700 and to continue without good evidence of
its superiority was an unnecessary risk with respect to activity
loss of the basic RNAse. An added incentive to return to the
60°C treatment, together with the wse of D,E,A,E.~cellulose
chromatography was that it had been reported (107) that a protein
inhibitor of alkaline RNAses from rat liver had a strong affinity
for the basic ion exchanger D.E.A.E.-~cellulose, Thus the use of
;n anion exchanger could possibly remove any inhibitors not heat

denatured and precipitated.
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IV Dialysis, desalting and the use of Sephadex G-75

The stage V dialysis step was used for the removal of
ammonium sulphate and other salts before application to CM-
cellulose column chromatography, However it had been reported
when working with certain RNAse enzymes that there was a loss of
activity during dialysis. Beard and Razzell (105) mentioned
being repeatedly frustrated by the tendency of their alkaline RNAse
from pig liver homogenates to diffuse through common Visking
dialysis membranes, This loss of enzyme activity had alsd been
experienced by Edmond (37) and confirmed,

It was in the light of these two reports.that dialysis in
stage V of extraction was replaced by another form of desalting

using the molecular sieving action of Sephadex,

Sephadex gel filtration - general

Sephadex is a modified cross-linked dextran with a three
dimensional network of polysaccharide chains, Sephadex is
strongly hydrophilic because of its high content of hydroxyl
groups and therefore the Sephadex beads swell considerably in
water and electrolyte solution, This degree of swelling is an

important characteristic of the gel formed, and gels in which the

matrix is a minor component are used for fractionation of high
molecular weight substances, whereas compact gels are used for

low molecular weight compounds,
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The principle of zel filtration is such that molecules larger than
the largest pores of the swollen Sephadex, that is above the
exclusipn limit, cannot penetrate the gel particles and therefore
they pass through the bed in the liquid phase outside the particles,
and are eluted first,

But small molecules penetrate the gel to a varying extent
depending on their size and shape, and are impeded to varying
extents with the result that these molecules are therefore eluted
from a Sephadex bed in order of decreasing molecular size. Thus
éhe separation is a purely physical one, no ion exchange properties
are involved and therfore no gradient salt elution is necessary,
When all the molecules have passed through the Sephadex bed the
column is ready for re-use, This regeneration is one of the
advantages of gel filtration.

The Sephadex types of the G-series differ in degree of cross
linking and thus in swelling properties, The property of swelling
ability or water regain value is used to characterise the types of
Sephadex G-geries available, The water regain value represents
the amount of water imbibed by the gel grains on swelling and does
not include the water between the grains, Sephadex G-200 for
example will have a water regain value of 20 mls water per gram
of dry Sephadex,

Desalting using Sephadex

The use of dextran gels for desalting was reported initially
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by Porath and Flodin (109) in which they separted a solution of
serum albumin containing 40% ammonium sulphate, There was a
complete separation of the serum and ammonium sulphate, and so the
result of gel filtration is often the same as dialysis, One
disadvantage of gel filtration is the unavoidable dilution but this
can be contained within reasonable limits by the suitable choice of
experimental conditinns, The method is very rapid and effects
the complete separation of two or more substances if the differences
in molecular size are sufficient, and the scale of the procedure
may be increased upwards without any difficulty.

The absorption of proteins on Sephadex

It was noted (110) that during studies on gel filtration on
G-50 columns with proteins, that in the absence of salts some
proteins including RNAse, were strongly absorbed to the gel,
Although this binding capacity, due to the hydroxyl groups, is
very small compared with that of ion-exchange celluloses, the
property may acquire considerable significance when small quantities
of protein are being used. However all proteins are quickly
removed from the column by use of a dilute salt such as 0,.IM
sodium chloride, but often if the eluent has a maximum strength of
" '0,02M it is quite sufficient to discourage absorption, Not ail
proteins tested behave in this manner, but it is a phenomenon that

must be heeded when desalting proteins in this way.
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Choice of sephadex type and the setting up of the column

G-75 was the grade chosen to use for the setting-up of a
large preparative and desalting G-75 column, and it has a fraction-
ation range of approximately 3,000 to 70,000, Therefore besides
acting as a desalting step, it will also act as a purification
procedure by possible separation of some unwanted proteins by virtue
of differences in molecular size, The small molecular size of
ammonium sulphate will result in its later elution than the larger
protein molecules, so effecting a desalting of the applied
solution,

General Procedure of G-75 column preparation

The dry form of G-75 was suspended in water with gentle
stirring for twenty-four hours at room temperature to de-aerate.
"Fines" were removed by three successive decantations, The gel
was then stirred with 0,005M Tris/HCI, pHT.5, 10-% E.D.T.A (and
2M urea in the case of extractions 3 and 4) in the cold room to
equilibriate, - The column of G-75 was supported by a scintered
glass disc, but the material was not packed directly on to this as
the gel grain would probably clog the disc and cause a flow
stoppage, and so about half a centimetre of exhaustively acid
washed sand was allowed to settle down, through the previously
buffer filled column under gravity. Care was taken to ensure
that the column was absolutely vertical by means of a spirit level

because a skew column will produce a non-horizontal zone on elution,
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which in turn will result in asymmetric peaks.

The glass column, measuring 80 cms x 4,8 internal cms, was
then filled at 4-5°C, by the method of column filling previously
described (page 44 also (111) and General Method 5) to a height
of 78 cms, The filling was carried out slowly over a period of
twelve hours, with the buffer being allowed to flow slowly through
the column, after an initial 3-4 cms of gel had settled under
gravity action on the sand, at the rate of 4-5 mls per minute to
aid packing, More buffer was added at the same rate as the
effluent drains, A slowly rising horizontal surface of gel
indicates uniform packing.

When the column was full, copious amounts of buffer were
allowedAto flow through the column to the extent of ten litres
and more,

If the G-75 column has not been in use for a period of
weeks, bacterial and algal growths might occur, These contam-
inating influences were effectively removed by elutiﬁg the column

with buffer and 0,02% sodium azide and then eluting with buffer
alone to clear the column of azide, The procedure was carried

out periodically as a matter of routine between column runs (II2).

Testing and calibration of G-75 columns
Before the freshly compiled G-75 column was used for any

specific purpose, the homogeneity of the bed was checked and also

the void volume was measured - Vo.

93



The total volume (Vt) of a Sezphadex column is the sum of the
volume outside the gel grains (Vo) plus the volume inside the gel
grains (Vi) and the volume of the gel matrix (Vg) or substance
itself, J. Vt = Vo Vit Vg,

The outer or void volume (Vt?is the volume of liquid required
to elute a substance through a column if the molecules are completely
excluded from the gel particles. The elution volume (Ve) of a
' substance depends on the volume external to the gel particles (¥o),
and on the distribution coefficient (Kd)

', VeaVot Xa Vi
Where Kd, the distribution coefficient indicates the fraction of
the inside volume accessible to the molecules of a particular
substance,

The substance used to find the void volume and to test
homogeneity of packing was a blue high molecular weight dextran
polymer marketed by "Pharmacia" called Blue Dextran 2000, It is
made from dextran 2000 and has an average molecular weight of
2,000,000 and was readily soluble in the buffer solution used.

Because of its high molecular weight it is completely excluded

from all Sephadex types.

This Blue Dextran (B,D,) was used for checking the column
packing as well as the void volume determination by application of
a band of 10mls of buffer solution which was 0.25% with respect

to BD, The progress of the band down the column was seen visually
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but additionally fractions were collected by a volume fraction
collector and located by reading in a colorimeter (E.E.L. type)
with a 608 filter or since B.D, has an absorption peak at 260 mu
a U,V, spectrophotometer could be used,

In some G-75 desalting columns, sucrose was also added along
with the B.D, to give some idea of elution volume of low molecular
weight molecular species, Elution wés followed by developing an
orange colour with a phenol sulphuric acid reagent (113) and
reading at 490 mu in the spectrophotometer (Unicam SP 500)

The presence of sucrose with B.D, made application to the
column top easier because of the increase in specific gravity or
density, Application from a small pipette, was made by careful
layering of the more dense snlution on the surface of the gel
beneath the normal buffer surface, This layer gradually passes
into the gel and then the column supermatant buffer can be topped
up before the column is connected up to the elution reservoir of
pH7.5 (or 7.0) buffer. Flow rate was 70 mls per hour and ten ml,
fractions were collected.

From the results shown in fig. 8 it can be seen the peaks
were virtually symmetrical, indicating horizontal zone elution and

a homogeneous gel bed, The void volume was 50 x 10 = 500 mls,

which gives a separation distance of about 900 mls before small

molecules like sucrose are eluted.
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Procedure and results obtained from G-75 desalting

Procedure - Extraction 3 (see fig, 19 = summary chart)

The use of G-75 for desalting was first applied to extraction
3 which was carried through entirely in the presence of 2M urea.
Thus the G-75 column was thoroughly equilibriated with 0.005M Tris/
HCI, pHT7.5, 10-4M E.D,T.A made 2M with respect to urea,

Aliquots of 5~6 mls of the protein material obtained from
stage IV and dissolved in pH7.5 buffer were applied by the layering
technique already described for Blue Dextran 2000 application,

The column was eluted with the pH7.5, 2M urea buffer at a flow rate
of 84 mls per hour, Practions of 10 mls were collected by a
fraction collector and the tubes from the initial column were
assayed for RNAse with RNA and the optical density at 280 mu read
to locate the protein.

As a matter of routine, after ten tubes had been collected
on the fraction collector ( 100 mls), ten mls, of a solution which
was 4 molar with respect to NaCl was layered carefully on to the
top of the column and elution continued as before. The purpose
of this application was to ensure all protein was removed from the
column because it was found that protein can sometimes be atlsorbed
(110). Since most proteins are removed by elution with 0,1M
sodium chloride, all protein will certainly be removed by the

elution with 4M sodium chloride,

A total of nine applications and elutions were carried out
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for material from Stage IV of extraction 3. It was not necessary
to read the optical density at 280 mu every time or even to assay
every time, | The first column was assayed but as the protein
distribution was the same in desalting G-75 columns III, IV, VI, VII
and VIII of extraction 3, it was assumed the activity distribution
would be the same, all other factors being equal, Column VIII
ﬁas checked with respect to activity to ensure the distribution had
not changed since column I, and this was found to be consistent

with the previous results,

Results

Fig, 9 shows the protein distribution during elution of
columns I and IV, and also the activity distribution of column I,
Thus in G-75 columns I-IX, fractions 71-113 inclusive of all
columns were bulked as active and retained for subsequent
purification steps, The column void volume was estimated with
Blue dextran 2000 and found to be 500 mls (fig. 8)

It was observed that in all of the nine desalting columns
of extraction 3, there was a precipitation of protein that occurred
in the form of a turbidity starting from fraction 117-125 and
continuing for approximately thirty tubes to fraction number
148-150, This turbid region was assayed but no activity was
evident, The turbid precipitation was presumed to be protein

because of the high mltra violet absorbance at 280 mu that lead up
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to the appearance of the turbidity in the eluted material, which
of course had an optical density at 280 mu that was so high as to
be unrecordable on the spectrophotometer without substantial
dilution, |

Procedure - Extraction 4 (see fig., 20 - summary chart)

The application and elution procedure used was the Same as
for desalting in extraction 3, except that this time the path and
separation of the ammnrnium sulphate was monitored using a modified
Nessler determination (General Methods 1) to ensure there was a
separation that was an efficient desalting process,

Seven columns were run, cnllecting ten ml. fractions and this
was achieved in this extraction by means of an LKB "Radirac"
fraction collector, The location of active regions for bulking
was initially done by assay, and relation of this activity region
to the region in which ammonium sulphate was eluted was established
by the Nessler method (65) of ammonium nitrogen determination,

In subsequent columns the position of salt elution alone was
verified, and the active region was bulked on the basis of this,
since columns were consistent with respect to position of eluted
constituents,

Results

Fig.I2 is a summary of the fractions bulked from extraction 4
G-75 desalting columns, together with an indication of the method

used for confirmation of activity regions.
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Coluﬁn II was unusual in that too much protein snlution was applied
and fchanneling' of the front occurred with the result that hori-
zontal elution of a band of material was not achieved, The
protein solution being applied was fairly concentrated and viscous
and the application of sixteen mls, of this was too massive for
tﬁe column head to retain without 'channeling' occurring,

As in the previous extraction 3, extraction 4 had also been
performed entirely from homogenization in the presence of 2M urea,
and again turbidity was obtained in : - fractions ~ 117 onwards.
If fig. (11) is studied, it can be seen that the protein precipita-
tion exactly coincides with the region at which‘the ammonium

sulphate is eluted,

Procedure - Extraction 5 (see fig, 21 - summary chart)

Similarly the procedure carried out was the same as for
extractions 3 and 4 but with one important exception, and that was
that this extraction had not been performed in the presence of 2M
urea throughout all stages,

For extraction 5, two columns of G- 75 were prepared afresh,

and were thoroughly equilibriated with 0,005M Tris/HCI, pH7.O,

" 10-*M E.D. T.A. buffer. The columns had the following
dimensionss ‘
Column A t 5 x 78 cms of G=75
Column B t 5 x 73 cms of G-T5

The void volumes of column A and B were measured using Blue
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dextran 2000 and found to be 21 tubes (500 mls) and 19 tubes (450 mls)
respectively, The fraction size collected was 23,8 mls or
approximately 24 mls, In a similar manner to that previously
described, to each column, five mls, of buffer 4M with respect to
sodium chloride was applied as a band, The actual point at
which this was applied was not important so long as it was ndt
applied at the same time as the protein solution, since it would
have no chance of catching up with these faster eluting protein
molecules in normal circumstances, Therefore in the table (fig
13) giving the details of all the protein applications, the stage
at which the sodium chloride band was added can be seen to vary
over a wide range, Care was taken to see the sodium chloride
was well eluted from the column before further protein application
was made, The elution position of the NaCl was checked with
columns I, II and IV using a flame photometer and Nai-Specific
filter,

A total of twelve applications of protein from stage IV
(see fig, 21) were made and more or less consistently similar
results were obtained from each column. Because of the repro-
duceability of results, it was not necessary to assay for activity
in every column, once the constancy of the initial G=75 columns
of A and B series had been verified by assay. Enzymically
active regions of further column elutions could be collected

and bulked on the evidence of previous columns, The methods of
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monitoring are summarized in the table in fig 13 .

One of the twelve columns runs,column B-I, was equilibriated
with 2M urea and the sample of protein applied to this was made éM
with urea before it was layered on to the top of the column,
Elution of this column was with the pHT7.0 buffer used for all
desalting G~75 columns in extraction 5, but was made 2M with respect
to urea.

It is to be noted that the pH of the elution buffer in
extraction 5 was 7,0 and not the 7.5 of extraction 3 and 4. This
éhange was merely one of convenience and standardization since the
extraction step was carried out at pH7.0 and the alteration should
have little effect on the behaviour of protein material on desalting.

A small‘test was also carried out to check the concentration
of Né+ions in 2M urea solutions relative to deionized water and |
standard buffer at pH7.0, since the presence of urea may exert an
ionic effect during elution due to Na.+ ions as an impurity in the
commercial urea, A flame photometer with a sodium specific
filter was used to estimate the Na™ ions (if any) but the esti-
mation was only relative and not an absolute reading since no

standard graph was drawn,
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Results:

Scale reading

Water - deionized, Used for zero setting 0.0

on the flame photometer ~ control

Buffer (0,005M Tris/HCI, pH7.0,10-“M EDTA) 10.5
Buffer - as above but 2M w,r.t., UREA 6. 5

Estimation of relative Natcontent of G-75 eluting

buffer

It can be deduced from this test that the ionic effect aue
to the presence of urea was negligible ﬁith respect to Nat ions
and Nat content in the buffer with, and without urea at 21
concentration, was shown to be approximately the same,

After the one desalting in the presence of 2M urea had been
carried out, the column was eluted free of urea by the passage of
copious quantities of buffer, Similarly, as a matter of
routine, after every column run, the columns were washed with
buffer at the maximum flow rate for & minimum period of twenty~
four hours, which approximately represents 1,5 litres of wash,

- All column heights with respect to eluting reservoirs etc, are

described in the Experimental section,
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Results

Fig (14) shows an elution pattern of column A-II which is
typical of any A or B desalting column, Blue dextran peaks
on A and B series of columns show the packing to be even and
homogeneous,

One of the most important aspects of this series of desalting
columns for extraction 5 (which was NOT carried out in the ‘presence
of 2M urea, see summary chart - fig 21) was that the activity was
eluted in two peaks (fig 14) The second peak of the two was
eluted more or less where one would expect the protein to be eluted
in accordance with size, but the elution of the initial peak
approximately coincides with the void volume, If fig 14 of G-T75
column A-II is examined, the first activity peak has a maximum
at about tube 21, which exactly corresponds with the void volume
defined by the use of Blue Dextran 2000, Also this corresponds
to a turbidity or precipitation in these initial tubes of high
protein content, For example in column A-II fraction 21-26
showed turbidity, and similarly in column B-I (fig 15) the initial
large protéin peaks corresponding to elution in the void volume
shows turbidity over a range of six or so tubes, This turbidity
in the protein eluted in the area corresponding to the void volume
was common to all the Extraction 5 desalting columhs, including

B-I which was 2M with respect to urea,
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Possible explanation of results of G-75 desalting column anomalies

from extractions 3, 4 and 5,

Extractions 3 and 4 were conducted throughout from the raw
spleen stage, through initial ammonium sulphate precipitations
and heat treating stage in the presence of 2M urea unlike extraction
5, and up until the desalting stage this factor of urea presence or
absence seems the outstanding cardinal difference between the
extractions, (See extraction summary tables, figs 19, 20 and 21
for comparison)

One might expect the G-75 desalting elution patterns to be
much the same for all extractions, but they are very dissimilar in
two respects,

Pirstly, aCtivity in extractions 3 and 4 was eluted in the
region where one might expect to find it with respect to molecular
sizej whereas in extraction 5 the larger part of the activity was
eluted in the void volume and further activity in a more
anticipated elution position,

The second differeﬁce is at which point protein precipitation
occurs, since precipitation was common to all desalting procedures
conducted., In G-75 column runs of extractions 3 and 4, protein
appears in a precipitated form in later fractions after about }.2
litres of eluted material, which is in a column region that would

indicate a very small molecular weight, but this is obviously not

the case,
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A tentative explanation can Le given for these facts, It
was reported in extraction I (see pageW4O ) that there was some
precipitation of protein inside the Visking sac on dialysis
(stage V, extraction 1) This is a common occurrence on removal
of salt from proteins and is the reverse effect of 'salting in'
since certain proteins are often precipitated or even denatured in
the absence of any salt or a lower salt concentration. Edmond
(37) also found that precipitation occured during dialysis and
-perhaps part of the loss of enzyme activity during this stage can
be attributed to RNAse precipitation, and this precipitation was
centrifuged down and discarded. However the . possible precipi-
tation of RNAse may not be as simple as that, and a more complex
precipitation in the form of a co-precipitation with another protein
could be envisaged with the RNAse physically occluded and/or
chemically bound to other protein. Therefore besides loss of
enzyme through the membrane, loss in dialysis could possibly result
from this internal precipitation on reduction of salt concentration,

Thus the protein precipitation in dextran gel desalting
could be explained correspondingly; that is, as the protein
snlution moves down the column there is a separation of the smaller
salt particles from the protein due to the sieving effect, thus
causing the protein to precipitate,

The question of the difference in position of precipitation

exhibited is a little more complex to explain, The reason for
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this difference seems more than likely to be associated with the
outstanding difference in preparation of the enzyme up to this
stage, namely an effect produced because of the presence of urea,

In extraction 5, in which no urea was used, it is suggested
that as the protein solution travels down the cnlumn, desalting
occurs and the salt cnncentration falls sufficiently for some
protein to come out of solution, and in so dning aggregation to
larger units occurs resulting in rapid elution with the void volume
due to size increase, The precipitation seems to cause elution
of a portion of the active protein also, since this was also g&part
eluted with the wvoid volume. The elution of the active RNAse
may, as suggested in the ant®penultimate paragraph, be via some
sort of protein-protein interaction or physical occlusion due to
large amounts of the precipitated protein,

In extraction 3 and 4, in which urea was used throughout
the extraction process, the protein precipitate was not eluted
until a very late stage and appeared to have been retained by the
column since one would expect elution of precipitated protein to
occur in the void volume fraction as above, The explanation
suggested is that the cnncentration of protein in solution from
an extraction in the presence of 2M urea is higher due to the
solubilizing effects of urea, Thus the protein solution
obtained from stage IV for stage V dialysis may oontain more protein

other than RNAse, and when applied to Sephadex G-75 (also 2M with
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respect to urea), there is separation of protein from salt, and
the resulting precipitation is large enough physically to retard
elution, Protein retention by the gel may also be a factor.
The active RNAse, however, does not seem to precipitate from
8olution and is eluted in a predictable manner, whilst the
precipitated material makes slow progress to be eventually eluted
at a point which is normally associated with small salt molecules,
Because of this elution position it was thought that the final
elution of the precipitated material was due to the salt front
finally catching up with the protein and causing its elution,

Fig 11 of extraction 4 column I shows the position of elution of
the precipitated protein,

One may ask why, if the salt and precipitated protein are
eventually eluted together, and if it is assumed protein precipi-
tates because of salt éeparation, does the protein not go back into
solution again in the presence of salt? Edmond (37) found that
the protein precipitated during dialysis was not soluble again when
the salt concentration of the solution was raised to its pre-
dialysis level,'indicating an irreversible protein precipitation
probably attributable to changes in structure on salt withdrawal
resulting in denaturation. Probably, therefore, for the same
reasons, that even when the protein was eluted in the presence of
salt again, it remains in a precipitated state.

This leaves unexplained the fact why extraction 5 column B-I
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(fig 15) which was made 2M with respect to urea just for the one
protein application, does not show the same behaviour pattern as
G-75 columns for extraction 3 and 4. From the table in fig (13)
the column B-I shows behaviour in agreement with all other extraction
5 desalting columns. The protein material applied to this column
wag the same as all the other eleven columns of extraction 5 and

was not the result of extraction and processing in the presence of
urea, but only made 2M with urea prior to application to column

B-I, Since results show no differences in elution pattern from
other extraction 5 G-75 columns, it must be assumed that it is not
merely the presence of 2M urea whilst desalting on G-75 that causes
the results obtained in extractions 3 and 4 to be so different from
ext;action 5, but the differences in previous stages of extraction.
The presence of urea throughout extraction is suggested as the main
difference from which result divergences of G-75 desalting behaviour
stem,

It will be noted from the table in fig (13) that column A-TIT
extraction 5 was equilibriated with pH7.0 buffer made 0,05M with
respect to NaCl and also this buffer was used in the elution of
this particular column, It was thought that the presence of this
concentration of sodium chloride salt would enable the protein to
remain in solution, In fact the presence of this concentration
of salt méde no appreciable or discernible difference to either

activity elution patterns or precipitated protein elution,
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The preceding explanation of the experimental results
obtained during desalting operations from extractions 3, 4 and 5
remain only speculative suggestions on the basis of the facﬁs

available,

y

Introduction to the use of DEAE~-cellulose in RNAse purification
| procedure
General

Maver and Greco (33) in their 1959 publication described the
purificqtion and characterization of RNAses from calf spleen using
D.E.A.E,-cellulose chromatography in the separation of enzyme at
pHB.0 and 0,005M sodium acetate buffer, At this pH an RNAse
active fraction which they referred to as A, was not retained‘by the
DEAE-cellulose and passed straight through. The other fraction,
.B, was held and by gradient elution separated out to four’activities
N which were not heat stable to treatment at 80°C for ten minutes.
But the material not held by the D.E.A,BE.~cellulose at pH8,0 was the
alkaline or basic RNAse and this fraction was heat stable to the
described treatment, Thus the prospect of an effective chroma-
tographic separation of the heat stable basic ribonuclease from calf
spleen on the anionic cellulosic ion exchanger D,E.A.E, becomes

apparent,

Occasionally when a protein of interest is either more acid
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or more basic than the contaminating proteins, a rapid separation
from the latter can be achieved by using an ion exchanger bearing
charges of the same sign as those predominating on the enzyme to be
igolated. When the enzyme is applied to a column of the appropri-
ate ion exchanger it can emerge in a highly purified form although
it was never absorbed.
This method was used as a technique of separation of acid

RNAse by Maver and Greco in a 1962 report (36) on the chromato-
graphic separation of acid and alkaline RNAses of bovine spleen and
liver, The technique was similarly used by Edmond (37)., A

series of D.E.A.E, cellulose cnlumns were also used by Rushizky and
Sober (114) in the purification of RlNAse Tl from Taka-@iastase
powder, Subsequent reports of DEAE~cellulose use in protein
purification procedures include the report by Smellie et al, (115)
where D.E.A.E. was used as a purification step in the preparation
of a rat liver nuclease:_in which there was protein with RNAse
activity adsorbed by the ion exchange medium at pH8.0.

There are recent reports (107, 91) that the introduction
of a D.E,A.E.-cellulose step may be particularly important in
connection with the removal of ribonuclease inhibitors, which other
than being protein contaminants, actually reduce or inhibit RNAse
activity, An alkaline ribonuclease inhibitor from liver was
reported (107) to have a relatively strong affinity for the basic

ion exchanger D.E.A.E.-cellulose,
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There was strons evidence that this inhibitor was a protein
but with a possible carbohydrate nature also, The role and
distribution of rib-nuclease inhibitors is still currently the
gubject of much research, Thus if the basic RNAse from calf spleen
is associated with any kind of inhibiting protein of the above
described nature, the use of a D,E.A.E.—cellulose purifying step is
further Qarranted.

Procedure and Resnlts (See General Methods 3b)

The D.E.A.E,~-cellulose powder (Vhatman DESO batch 727-735)
was subjected to the washing and preparative procedures prior to
filling a column, described in refs., 34 and 74 by Peterson and Sober,
who did much of the early work on the use of cellulosic ion exchangers,
The protein peaks frbm G-75 desalting were applied and all
the effluent collected (together with a small volume of washings)
since the active and wanted basic ribonucleases should not be

adsorbed and held by this anion#s=fen exchange material,

Fig, 16 summafizes the use of D.E.A.E,-cellulose with respect
to extractions 3, 4 and five. The protein concentrations were
calculated by the U,V. spectrophrtometric method previously
described, From an estimation of the protein concentration
applied to the column, and also of the concentration of protein in
the effluent, the percentage of protein retained and the percentage

passing straight through without absorption were calculated. A
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lbxtractiorn Column Total sprotein) #%not Conditio
number. size, protein held « held |-ns &
applied. thus un<4 &« thus buffer.
wanted. |wanted.
3. a). 322mgs.| 59% 4I% |(pH 7.0
I.8xI3 cms oM urea
b). 737mgs.| 6I% 074
L, 2x8.9 cms | I795mgs} 29% 71% |pH 7.0
2M urea
5.Batchl2.2xI8 cms| 768mgs. 64% 36% |pH 7.0
Batch
5.  A. P.4xI9 cms| I854mgs.| 77% 23% pH 7.0
B .
5 §
2M ureaR.2xI2 cms| 223mgs. 5I% 49% | pH 7.0
’ 2M urea

Fig.I6, Table of protein distribution on DEsE-cellulose
chromatography.
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sample of the protein retained by each column after application of
protein from G-75 desalting, was assayed for RNAse ac%ivity and
found to be inactive, This protein for assay was removed by
elution of the D,E,A.E~cellulose with buffer made 2M with respécf
to sodium chloride,

With the exception of extraction 4, the amount of protein
removed was in»all cases over 50% of that applied, and since this
portion was inactive, it can be said that D.ZE,A.E,~cellulose
produces a purification of at least 50% and scems to be an exceed-
ingly useful and efficient purification step,

As mentioned, extraction 4 results seem to be anomalous
in that they indicate that less than a third of the protein was
ren-ved by the purification step. This abnormal result may be
due to the fact that the meth~d of estimation of protein retention
was different to all others, Instead of retention being esti-
mated from a knowledge of protein applied and protein in the
effluent, it was estimated from protein applied and the actual
protein retained and measured after its elution from DEAE-cellulose
by means of 2M sodium chloride buffer. The general procedure of
extraction 4 does not differ in any way that would result in this
difference in results than from extraction 3. The material
retained by the anion exchanger and removed with sodigm chloride
elution may not entirely equal protein applied minus protein in

effluent of unabsorbed material, but estimation in extraction 5 has
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shown there to be approximate correlation ~f results and so the
anomaly of exiraction 4 can not be explained by tight column
retention of protein against sndium chloride eluting power. A
pertinent factor however is the inherent error in U,V, spectro-
phntometric estimation of protein concentration, Different
proteins vary in their degree of absortance »~f U,V, light, and this
difference will be accentuated on such a separation of proteins
that has been accomplished by the use of D.E.A.E,-cellulose,

There scems to be 1ittle statistically relevant difference
in the application of this purification step in the presence of 2M
urea from when no urea was used, Extraotiona 3 and 4 were
carried out completely in the presence of urea and if extraction 3
results are compared with extraction 5, mich the same separation
was achieved,

The extraction 5 material that was desal?ed on a Sephadex
G-75 column made 2M with urea, was also subjected to DEAE-cellulose
treatment in the presence of 2M urea. As can be seen from fig 16
an approximate 50% purification was achieved which is a little lower

than the other results, but whether this is significant is doubtful,

Summary
The use of D.E.A.E-cellulose was an effective purification
step since the protein removed was inactive, However disc-gel

electrophoretic (see later) analysis of the protein retained by the

anion exchanger,did show some evidence of bands of protein showing
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RNAse protein characteristics, These could possibly belong to
acid RNAse that survived heat treatment since it is unlikely that
the basic RNAse being isolated would be held by an anionic column
at pH7.0. The position of elution on CM-cellulose cationic

exchanger indicates considerable basicity and therefore unlikeli-

hood of absorption to an anionic cellulose.

Summary of extraction techniques considered so far,

Thus concludes a consideration nf the changes made in
extraction procedures (sections I to V) begun after the detailed
description of the initial fractionation proceduré I on page 62 .

Part I of the thesis will be terminated by a consideration
of the overall effects of the changes and improvements made in each
extraction, as refiected in CM-cellulose chromatographic results
since by this stage‘the enzyme was in a relatively pure form.

Figs 17, 18, 19, 20, 21 summarize in outline the changes
discussed in detail in sections I-V above for each of the five

extractions made between October 1964 and March 1967.

A comparison of extraction procedures 1-5 as reflected in the

results of CM-cellulose chromatography

General considerations

The theory of column chromatographic separation of proteins on

cellulosic ion exchangers has already been discussed to some extent
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g pH 7.2 HUMUGin ToalIun in 0.05M Naac
g pH 3.5  acid extraction TUOM kbia
© I.| pH 3.9 30448 pption. pH 7.2
buffer 1
centrifuge > discard ppt.

II pH 3.5 8Uh4aS pption.

centrifuge ¥y discard
111 pH 7.2 dissolve in buffer I supernatant.
pH 3.5 Hival Chls Al Ml
60°C for Iumins. |
centrifuge ydiscard ppt.
IV | pH2.0 2nd. 4S pption.40-50% . discard ppt.
85/ A4S
centrifuge y discard
! supernatant

v pH 5.5 dissolve in buffer «
DIALYSE against same i;e._Q.OOSM Tris

10” "EDTa,pH 5.5
Buffer II

VI

VII| pH 5.9-8.2 |

- CM=cellulose chromatography
buffer II -gradient elution

VII]

Fig.I7. Summary chart of kxtraction procedure I.
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ft’ PH 7.2 HUMUGEmnIoaiT0N Buffer I

a pH 3.5 acid extraction

g 1 | PH 3.5 3U%aS pption. 212 spleen
centrifuge y discard ppt.

II | pH 3.5 8044S pption.

centrifuge y discard
III | pH 7.2  dissolve in buffer I supernatant
P Fer Tmtns.
v centrifuge y discard ppt.

v pH 5.5 dissolve in buffer 2 (or II)
DIALYSE against same

Vi

VII |pH 5.5-8.2 v :
CM=-cellulose chromatography
Buffer II -gradient elution

VIII

Fig.I8. Summary chart of Extraction procedure II.(or 2)
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pH 7.2 HOMOGENIS AL TUN Buffer I 2M wer.t
urea

3 fresh & 21
deep frozen

pH 3.5 acld extraction

1 | .pH 3.5 30%a3 pption.
2M urea |

l

- 2M urea centrifuge ——————— discard ppt.
II pH 3.5 k HE-2X TRACT
' 80kss pption

@0 ® o T

2M urea centrifuge —————— discard
pH 7.2 dissolve in buffer I supernatant
111 HiAL ThEaLHE

60~C far IOmins.
2M urea centrifuge——_ 5 discard ppt.
pH 7.0 neutral 40%aS centrifugess?discard

IV | -
pH 7.0 neutral 90+%4S

2M urea centrifuge — > discard
Vv supernatant

pH 7.5 desalted on
G-75. Buffer II

2M urea
vl { pH 7.0 DEaE~-cellulose

2M urea
5.2 - CM-cellulose chromatography
buffer 11 ~gradient elution
VIII

Fig.I9. Summary of Extraction procedure 3.
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(page 41 ), The degree of binding of the protein to the
absorbent and by what type of bonds, and to what extent the elution
sequence is predictable, is not eassily answerable because of the
very complex nature of proteins themselves,

The binding qf protein to the ion exchanger involves the form-
ation of electrostatic bonds between protein and ion exchanger, and
since the protein and ion exchanger are polyelectrolytes, there is
the likelihood of interaction at several points,  The number of
such bonds that are established will determine the concentration of
the competing ions required for the release of the bound molecules,
Thus the theory is that a separation may be achieved by virtue of
the fact that proteins differing in charge density, or number of
charges by virtue of size may be expected to differ in their
requirements for elution,

It can therefore be seen that two quite different proteins
may be eluted together because they have the same net charge. For
example one protein may be small with a high charge density, whereas
the other may be large with a small charge density. Similarly if
a protein is subject to dissociation into sub-units, and if the sub-~
units are assumed to have the same charge density, the aggregates of
larger molecular weight and therefore higher net charge may be eluted
last in a éradient elution since these are likely to form more bonds
~ with the ion exchanger and so there will be a separation on the

basis of size in this case.
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Other factors such as the spatial arrangement of ionizable
groups on the molecule can be expected to contribute, This is
especially important in conditions that are likely to alter the
molecular configuration, Any change in configuration such as
unfolding of the peptide chains due to the severence of S-S linkages,
or the severence of intramolecular hydrogen bonding perhaps aided by .
urea, will result in a change in the arrangement of ionizable groups
and the exposure of new jonizable groups, or the reverse situation
of screening already available groups, Any of these changes will
affect the degree of adsorption to the cellulosic ion exchanger and
therefore to some extent, dictate the position of elution from the
column on the application of a salt and/or pH gradient, Elution
by raising the'pH alters the number or sign of charges on the
protein (or adsorbent), and, elution by increasing the salt
concentration decreases the effectiveness of existing electrostatic
bonds between the protein and adsorbent.

More recently the non-ionic binding forces of proteins have
been considered and it is thought that they may contribute to binding
even on ion-exchange surfaces. But to what extent, is, as yet, not
fully explored. In part II of this thesis the lyophilic nature
of the RNAse was investigated to some extent by CM-cellulose
chromatography in the présence of agents that possess lyophilic as

well as hydrophilic properties,

The protein profile obtained on elution and read by U. V.
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spectrophotometric methods alone is not enough, since the absorption
at 280 mu is a summation of the individual contributions of what may
be a large number of protein species, displaced from one_anofher
significantly butl often overlapping in sufficient degree to prevent
discrimination on the basis of protein alone, Thus for full
realization of the resnlution attained,enzymic assay was carried
out, This was of particular importance with respect to the RNAse
being examined since a portion had very little U, V., absorbance at
280 mu, (page 58 )

Protein molecules are comblex and abstraction of any conclusive
decisions from cellulosic ion exchange sepafation behaviour will be
equally complex; and every consideration has to be given to conditions
of protein configuration charge and its bearing on adsorptive
properties..

Procedure and comparison of results

The gpplication of samples to ClM~cellulose cation exchange
columns was described in Extraction I (page 46) A1l vuffers were
made 0,005M with respect to Tris/HCI and 10—4M with respect to
E.D.T.A., and the pH of each particular eluent can be found in the
table (fig 22)

a) The last three extractions (Nos, 3, 4 and 5) differ from the
first two in two major respects and that is the introduction of
desalting using Sephadex G-75 and the use of DEAE-cellulose as a

further purification step, Sephadex also acts as a major
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bxtraction I 2 3 L 5 5 5 5
No.,

Column wo. CMC |CMC |CMC |CMC | CMC | CMC [cMC |8MC
I 2 {3 4 | 5-II| 5-1I |5-1115-1IV

Gradient: 5¢5| 5.5| 7.0{6.0 ]| 7.0 |6.0] 6.0] 8.2

starting pH

Gradlen.t 0.2 502 6.2 602 602 002 002 602

final pH .

'Final salt ]0.32]0.32]0.32]0.25/ 0.25| 0.3 0.32 0.32
concentrationM M M M M M M M
Urea - - - 2M - - 2M -
concentratior urea urea
Column size |64x | 5Ix 66x | 49x | L4b6x 20x |I8x

' I.7( I.7 I.7 _2.5 2.5 2.2 2.2
Fraction 50 {50 | S0l I0| Iu | Io|Iu | I0
size . mls mls | mls| mls| mls| mls{ mls| mls
Bulking a 90~ (60~ |[70- |4lh- 66=|60=- | 40-| 20=-
105| 60 | I00| % | I03[ 95|90 | 56
Bulking B I07-| Bu=-|? 68~ IO4+ IIOF 7 -
II5 | IIV 82 | I56| I40
Comments:
CMC 3. NO urea with CM-cellulose column, but present
in rest of preparation.
CMC 4. New elution volumes for subsequent CMC Y&5
Columns
CMC 5-III Gradient steeper. _
CMC 5-IV ke-application of CMC 5-I,peak 60-99 at pH 8.2
Size of ’
I.51

reservoir 5+51.5+51.]I1. I.5] I.541.51{I.51

vol. chamber

size of constly o51h 751l 0,510.81.0.81.[0.81]0.810.51.

Fig.22. Table of elution data of the principal
CM=cellulose chromatographic separations
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purification step because of the non-active protein that was
separated from RNAse activity during the desalting process, Thus
ag a result of the introduction of these two additional purification
stages, the total protein applied to Cif=cellulose in stage VII will
be considerably reduced, In a likewise manner the elution volumes
were reduced to the m-re manageable proportions as shown in fig 23
and unless otherwise stated these volumes are adhered to in all CM-

* cellulose elutions in extractions 4 and 95, This change in elution
volume was of course reflected in a change of elution position of
active peaks (after the difference in size of the fractions collected
is accounted for - see fig 22 ). CHC columns of extractions
3, 4 and 5 did not have the characteristic initial non-active protein
peaks of CMC-I and CMC-2 and of those similérly reported by Edmond
(37). The reason for their absence is more than likely their
removal either on G=75 or else by adsorption on the anionic DEAE-
celluloée.

b) If the CMCellulose separations of extractions 1 and 2 are
compared it will be seen that the overall elution profile with rés-
pect to activity is virtually the same (figs 24, 25). Columns
CMC—l.and-Z show the same initial inactive protein peaks eluted in
the early stages‘and two main peaks of activity (designated A and B)
eluted in corresponding places in extractions 1 and 2, However

the protein profile of exiraction 2 (cMC-2) differs from extraction 1

(CMC-I) by the possession of a large protein peak'x appearing after
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most of the activity has been eluted. There was a very small
peak of activity associated with peak\x: Extraction 1 and 2
differed in the main due to the fact that extraction 2 did not have
any second ammonium sulphate (Stage IV) precipitation and possibly
the reason for the non-appearance of this peak in CMC-I was that
this particular protein fraction was precipitated during the final
ammoniuﬁ sulphate precipitation at stage 4.

¢) Although extraction 3 was carried out entirely in the presence
of 2M urea, the CM-cellulose chromatographic separation was not,
Elution took place at room temperature at 17-1800 due to an absence
of c¢nld room facilities for a period. The usual expected profile
of two activity peaks has given place to a rather indistinct pattern
of peaks (fig 26 ) with perhaps what might be described as a major
peak corresponding to peak A of CMC-2, though this peak of CMC=-3 was
a bifurcated peak,

Little information can be dedﬁced ffom this column and the
indistinct nature of the prntein and activity profile may perhaps
be attributed to operation at room temperature, The higher |
operatignal temperature may result in some dissociation or
association of molecular groupings thus causing elutioh to extend
over a larger range because of the range of molecular sizes and
therefore molecules with & range of different net charges.

d) CMC-4 (flg 27 ) was the result of CM-cellulose chromatographic

separation of protein material that had been extracted and conducted
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through all purification stages in the presence of 2M urea. This
column can most profitably be compared with CMC-5-I (fig 28) since
the protein has had much the same extraction history except that urea
has been used during the extraction and purificaﬁion process,
Similarly comparable with respect to two peak activity elution profile
was CMC-1 (fig 24), however which cannot strictly be compared because
of the differences in the extraction and purification stages, The
distinctive pattern of two major activity peaks occurs in CMC-4 (as
in CMC-1) but the activity peaks in CMC-5-1 do not correspond in
elution position even when eciumn lengths are taken into consider-
ation, However disc-gel electrophoresis results (see page I5I)
show that fractions 60-95 and 110-140 of CMC-5-I have the peak A and
B characterisfics in accordance with Edmond (37) If the two

peaks of CMC~4 correspond to those of CMC-5-I or A and B, the
presence of 2M urea, (being the outstanding difference in preparation)
appears to have had the effect of causing earlier elution of the
active protein from the ion-— exchanger. Providing the concept

of urea as a hydrogen bond dissacidting agent is assumed ( and this
theory has not been proven) then it may be suggested that owing to
the presence of urea on the column, adsorption to the column medium
has been reduced, thereby reducing the salt concentration, necessary
for elution of the protein, However it could be reasoned that the

~omnipresence of 2M urea in processing may have caused the dissociation

of:-
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i) — The protein inito smaller aggcregates or units

':'L:'L)——~ another non-enzymic protein that may have been attached
to the RNAse protein by hydrogen bonding, so that on
elution in the absence of 2l urea on CM-cellulose, this
association of protein would present a stronger bonding
action to the ion exchanger resulting in later elution;

iii)~—~or merely reduced any hydrogen bonding, that may occur
as part of the ion exchange adsorption process; to a
minimum,

All three suggestions might result in early elution. The
explanation on the basis of the results can only be in the form of
theory..

e) Evidence against thé suggestion that the elution pattefn of
CMC-4 was a 2M urea coiumn effect was demrnstrated by column CMC-
5-II1 (fig 29) The protein solution applied to this column was
processed in the absence of 2M urea up unitil the G-75 desalting
stage and then was in the presence of 2M urea up to and including
the CMC-5-III column, (fig 29) The elution pattern was totaliy
different to CMC-4 in that only one activity peak is obtained, If
the fact that the column size ( see table fig 22) was appreciably
smaller and the salt gradient was steeper is considered, the elution
of this peak was fairly retarded and aﬁproximatesto peak A of CMC~
5=I. Disc gel electrophoresis also indicates that this CMC=5-II11

peak of activity has similarities with activity B of CMC-5~I (gels.B
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aid 5 respectively,on page I5]), and also the low U,V, absorbance
at 280 mu corroborates the possibility of identification as 'B!

peak, The whereabouts of the usual large protein and activity
peak corresponding to A, can not be explained. The presence of
urea in CMC-4 does not affect the elution of two major activity peaks
which have come to be expected and characteristic, The material
was stored in the cold room at 4—500 for a period of about one month
before application to CHMC-5-III and pussibly could have suffered some
molecular change or denaturation of the protein normally eluted as
activity peak A (or B?) The conceivability that activity peaks

A and B (see CMC-1, page I3I) could be related forms of different
aggregate size, also arises, and that in CMC-5-III there has been
elution as one sggregate size, But evidence so far (page 60)

and evidence demnnstrated later by disc gel electrophoretic studies
of peaks A and B, show this latter theory to be less likely and the
more credible theory is that A and B are two separate protein species
of RNAse, None the less, often more than two activities are found
on elution (vis, cMc-2, CMC-3, CMC-4, CMC-5-I) and these may be sub
units or multiples of the RNAse two main activity species,

f) There was no intentional difference in the preparation applied

to CMC-5-I (fig 28) and II (fig 30). The protein applied to both
these columns only differed in that there wés a difference in batch}
as applied to D.E.A.E.; but exactly the same procedure of desalting

and CM-cellulose elution was carried out on all batches from DEAE

137



cellulose chromatography of extraction 5. But the protein and
activity profile of CliC-5-IT has little in common with CMC-5-I,

If the bulked pezks of CMC-5-I (60-95 and 124-146) are cémpared
with the two bulked peaks of CiC-5-I1 by disc gel electrophoresis
(gels 4 and 5, and 2 and 1 respectively, pagesI53,152 ) they
are shown to be very similar indeed, The evidence points to
aggregation differences which are reflected in elution.

g) The initial activity bulked fromvfractions CMC-S-I)60-95,and
probably corresponding to the 'A'fraction of CMC-I, were dialysed
"against a pHB.2 buffer and reapplied to the same regenerated CM-
cellulose column at pHB8.2 and subjected to a standard gradient
elution of salt, This experiment (CHC-5-IV fig 31) was conducted
as a parallel experiment to the reapplication and rechromatography
of RNAse A from the original extraction CMC-I, page 59). The
same results were achieved, namely a single activity corresponding
to a protein peak, In CMC-5-I, fraction 60-95 or 'A! céntained
one protein peak and this separated further on rechromatography into
two protein peaks, of which iny one had the majority of activity
associated with it (fig 31 CMC-S-IV). The séparation of proteins
was not reflected in the disc gel electrophofesis of CMC=5=-IV fraction
18-50 (gel 12, page 155) when compared with CMC-5-I 60-95 (gel 4,
pagel53) Thus as‘far as CMC-5-I fraction 60-95 is concerned,

it shows no tendency to form any further activity peaks on rechroma-

tography which may be eluted within the RNAse B region, and like
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extraction I reapplication of peak A, the theory of RNAse being a

separate entity from RNAse B is further supported by this result

(page 59)

Summary of chromatography on Cl-cellulose for extractions 1-5

i) The results were not always predictable with respect to
activity and protein profiles, although as shown later (page 15I)
analysis by disc gel electrophoresis demonstrated the same pattern
of proteins, even though protein profiles often gave a contfaiy
impression from examples that had wvirtually identical histories,
This indicates the possibility of the enzymes existing in more than
one form and being eluted accordingly.

ii) There waé a predominance of two activity peaks, although other
activities were present to a less extent.

iii) The effectiveness of G-75 and D.E.A.E, cellulose as
purification steps was demonstrated.

iv) The presence of urea did not appear to hinder purification
to any great extent or aid the process, The exact role'of

urea at 2M concentrations is obscure as yet.

"Disc" electrophoresis and its use as a criteriﬁlofvpurity and

protein homogeneity

Procedures for electrophoresis on polyacrylamide gels were
worked out independently by Ornstein and Davis, (116) and Raymond

and Weintroub (117) Polyacrylamide gels in contrast to starch
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gels are trensparent, thermo-stable, non-ionic, and the pore size
can be varied over a wide range by changing the concentration of

the acrylamide or the cross-linking agent, The absence of charged
groups reduces endosmntic flow to negligible proportions,
Polyacrylamide gels are also superior to starch gels for high
resnlution and sensitivity in perf-ormance, but unfortunately due

to their low electrical resistance, there is a limit to the scale

of operation and best results are therefore attained on small
columns,

The method that was used in the disc gei electrophoresis of
various stages of extraction 5 was the modified procedure of
Reisfeld et al. (118) for acrylamide gel electrophoresis of basic
proteins, The method permits excellent resolution of protein
mixtures as small as 50 u-gm, within as little as twenty minﬁtes.
The method achieves this sensitivity and resolution by concentra-
ting fhe components of dilute samples into very thin starting zones
and by utilizing the frictional properties of the gel to aid
separation by moleculér sieving,

Procedure

Details of buffers and stock solutions not given in the text
below are given with all other relevant details in - General

Methods 8, -

The electrophoresis of protein samples was carried out in

small glass ¢olumns measuring 0.35 x 7 cms, These columns were
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made up with three types of gel:-

(i) A large pore anti-convection gel containing the protein

sample,

(ii) A large pore 'spacer' gel in which electrophoretic
concentration takes place,

(111) A small pore gel in which eleCuronnoreulc separatlon and
molecular sieving takes place plus the crosslinking agent
of ammonium persulphate which provides the radicals to
catalyse the crosslinking process

The proportions of each type of gel in each tube were 1l:1:4 by
volume respectively for the above listed gel layer types, but a
small space of 2-3 mm, was usually left at the top of each tube for
tray buffer during the elecirophoresis,

Eight such tubes were used in each electrophoretic assembly.
Each tube was erected into a vertical position by embedding in
piasticine, vhich also acted as an effective seal to the tubing end
‘and retained the solution befnfe polymerisation had taken place (fig
32)

The tubes were initially filled to about £ full with small pore
gel solution which had been mixed in a 1:1 ration with the cross-
linking agent solution of ammoniumlpersulphate (see General Method 8
and fig 34 (a) also). Care was taken to exclude any air bubbles

‘that might be occluded at the foot of the tube, by tapping the

plasticine base gently up and down on the bench. The small pore
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gel solution was then gently overlaid with about 2mm of water
(deinnized) by the use of a wick and small pipette (fig 33). This
wa8 important since oxygen in the air inhibits the chemical polymer-
ization process, The tubes were then left for about half an hour
to polymerise, and sometimes when polymerisation was slow, é little
heat via a closely placed lamp was used to speed the process a little.
The small pore solution was constituted such as to give a 15%
acrylamide solution,

The water used tn overlay the small pore gel was removed
after polymerisation, by a vwrist-flicking action as is’used for
reducing the mercury reading on a clinical thermometer, The
remainder of the tube above the émall pore gel was rinsed out with a
little 1érge pore solution, and about half of the remaining volume

was filled with large pore gel solution and similarly overlayed with

2 mm, of deionized water, This large pore solution contained 2%%
acrylamide,

The tubes were then subjeqted to photopolymerization by
placing between two 15 watt fluoréscent tube lamps which were sii
inches apart and at the same level as the tubes for maximum illum-
ination because this was a light activated reaction, The point at
which polymerisation occured was easily observed because of the

opaque nature of the polymerised large pore gels. The time taken

for the polymerisation to occur was normally in the order of twenty

minutes,

On polymerisation, the overlayed water was removed and sub-
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-sequent to further rinsing with large pore gel solution, the protein
sémple was applied as a 1:1 mixture with large pore gel solution,
The dilution of the large pore snlution due to the addition of the
sample sonlution, was compensated for by adjusting the dilution of
stock solutions in compounding the large pore gel solution, The
sample containing solution was overlayed with deionized water and

. photopolymerised as before,

The time taken for polymerization to occur in this final step
varied enormously depending on the constitution of the sample
solution épplied. High salt concentration seem to inhibit poly-
merisation completely and thus samples of the early stages of
fracfionation containing high ammonium sulphate levels, had to be
dialysea to some extent before succesful analysis by this method
could be achieved. But the use of dialysis was avoided as much
as possible because loss of protein as a precipitate (page I09) or
through the Visking tubing (pageltO ) was feared, thus leading to a

false conception of the sample at a particular stage with regard to

protein content,

After removal of the overlayed water the tubes were ready
for assembly into the electrophoresis apparatus (fig 35). The
remaining space at the top of the electrophoresis tubes was filled

| with;}alamine pH4.5 tray buffer, and the tubes were removed from
their “plasticine" bases and then fitted, sample gel uppermost, intq

the polypropylene bowls of the anode compartment by means of small
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rubber grommets, A hanging drop of buffer was attaohed to the
bottom of each tube to ensure exclusion of all air bubbles and

gocd electrical contact on immersion into the cathode buffer tray.
The anode compartment, supported by a retort ring, was placed so

the tubes were immersed about +inch into the buffer contaiﬁed in

the cathode department as shown in the diagram (fig 35). A D.C,
power pack was used to provide a current éf 64 milliampé at initially
50 volts, but owing to heating effects, the voltage continued to

rise over the electrophoresis period eventually to reach nearer a
hundred vnlts,

The tray buffer contained B-alanine at pH4.5, and the other
important ions were those of potassium which constituted part of the
small and large pore gel solutions (see General Iethod 8) . Thus
when a current was applied, the ?-alanine -potassium ion boundary?
originally present at the buffer-gel interface, moved into the gel
towards the cathode sweeping up protein components, The proteins
were concentrated in the spacer gel between the potassium and P-
alanine in a seriés of discs in order of electrophoretic mobility.
When the stack of discs passed into the small pore gel, the B-alanine
potassium ion boundary was accelerated in this region of lower pH
and the protein discs were‘left behind, The discs were now
- subject to a linear voltage gradient, each in a very thin starting

zone and separation was henceforth with respect to charge and also

molecular size,
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The actual time taken for electrophoresis varied depending on
the proteins present, but as far as possible the time was standard-
ized to fiffy minutes for the sake of comparison of results,

After the electrophoresis was finished the polymer gels were
remnved from treir tubes using a 22-gauge sSyringe needle through
which a- gentle stream of water was allowed to pass, This needle
was used to rim the gels, with the water'acting as lubrication, and
after careful manipulation of this kind the gels were released from
the tubes,

The gels were then placed in smzll test tubes (taking care to
remember the order and number of each gel) together with a 1% amido=-
schwarz (Naphthol blue-black) protein stain and allowed to abéorb
the stain overnight.

Destaining was accomplished electrophoretically using open
ended tubes which had been pluggzed with a small portion of small
pore zel to allow electrical conductance but at the same time
contain the gel to be destained (see fig 34 b), The gel lengths
were placed in the tubes described which were then filled with a
viscous but mobile polyacrylamide solution that had only been

partially polymerised by the action of lignt in the presence of

riboflavin and acrylamide, The purpose of using the more viscous

medium for destaining other than T%racetic acid as used by Reisfeld
et al, (118) was to reduce the loss by convection currents of dye

into the upper cathode tray. The buffer reservoir was filled
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filled with 7% acetic acid and the apparatus was assembled in the
same manner as was used for initial electrophoresis except that now
the cathnde was the upper tray because of the negative chaxge of
the dye molecules and elecirophoresis of the stain was from the
cathode tn the anode, All excess dye, not absorbed by the protein
bands appeared in the bottom buffer tray.

Destaining took place at the maximum current and voltage that
the power pack vas able tn deliver, which was in the region of 220
valts, | The process of destaining can take up to two houré and
after which the mels are stored in labellied tubes in the presence
of T% acetic acid. Although time has the effect of reducing
tﬁe stain intensity, the gels can be stored without any further
deterioriation for long periods. Because of this loss of colour
intensity, it is advisable to make moré permanent records of the
gels bybphotography and/or densitoﬁeter scanning procedures, ' The
colour of the bands was also quite diagnostic since RNAse bands
tended to be a brighter blueAthan any other bands present and had
a pink tinge if held in front of a bright I,R., lamp,

Assessment of the value of disc gel electrophoresis

The method was extremely sensitive and the heterogeneity
‘revealed by the application of this technique to samples obtained in
earlier stages of the extraction of RNAse enzyme, posed the‘problem '
of how toidentify the individual bands for comparison with other

samples, Although care was taken to obtain reproduceable results
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it proved extremely difficult to standardize the procedure suffi-
ciently to permit identification on the basis of migration distance
in an absolute sense. Internal standards close to the band in
question were used in order to establish relative migration. Only
after examination of a purified sample of calf spleen RNAse and
noting its characteristics and colour could the earlier purification
stages be followed by this method, and then results were often
confusing, As separation was a function of net charge density

as established by the buffer‘and of the relationship of molecular
size to gel porosity, it was very difficult to make any conclusions
as to the naiture of a protein with respect to distance travelled in

the gel,

Also, although there was considerable latitude in the protein
concentration, volume, salt concentration, and pH of the protein
sample applied, where a high degree of reproduceability is required
these parameters would need to be more closely controlled than they
were,

None the less as a criterion of purity, the technique was
extremely useful and although the existence of one band does not
necessarily mean that purification to a single protein entity had
been achievéd, if was an indication that a high level of purific-

ation had been'attained.A .
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ndex to photosranns of gels

GEL NO. COLUMN NO. or Sample Fraction Yo,
1 1C-5-IT fig 30 104~156
2 ClMC-5-II fig 30 66-103
3 CMC-5-111 fig 29 45-90
4 CMC=5-1 : fig 28 60-95
5 CiC=-5-I fig 28 110-140
6 Example of gel during earlier

extraction

7 Tubes 56 (or 60)-70 Non-bulked G-75

fraction
8 Not held by CMC-5-I at pH6.0
9 Held by D.E.A.E. at stage VI
10 CHMC-5-IT reapplication fraction - 8-20
11 CMC-5-II " " " 56-109
12 CHMC~-5-IV reapplication 60-95 18-50

The below discussion of some of the gels obtained from disc-

. gel electrophoresis will aid interpretation of those gels that have

not been made fully self—expianatory by allusion to them in the

text.

1, Gels 2, 4, 1 and 5
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The two columns, CMC-5-I and II should
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