Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



A thesis presented to the

Massey University College of Manawatu
in partial fulfilment of the requirements of the degree of

MASTER OF AGRICULIURAL SCIENCE Tec )

K.R. Alyar
Massey University College of Manawatu
Palmerston North
New Zealand

1963




The method of Horizontal Starch-Gel Electrophoresis for the study
of casein and purified ensymes was satisfactorily developed. Its
application to the study of casein and casein hydrolysates has
been discussed, with particular reference to polymer separation

and nomenclature.

The possibility of purified rennin existing in two polymeric forms
has been shown.

The use of indigenous starches (potato and cereal) did not give
promising results in electroploresis. Fossible reasons for the
failure to obtain a suitable hydrolysed potato st , comparable

in properties to the imported hydrolysed starch, have been discussed,

Purified remnin appeared to have phosphatase activity on casein,

the liberation of the orthophosphate being accompanied by the exposure
on the causein molecule of arginine guanido groups, giving an apparent
ultimate ratio of moles phosphorus released to moles arginine exposed
of 1:2. Rennin did not possess phosphatase activity on synthetio
substrates containing an -0-P- bond,

The possibility of phosphorus linking two arginine residues through
their guanido groups on the casein molecule (i.e. an ~N-P-N- bond)
has been discussed.
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PART I



In any electrophoretic method the mobility of an ion is directly
proportional to the net charge cerried by thet ion. In a buffered system
the charge on a protein nolecule is dependent on the pil of the gystem end
the protein type, 5 well ss the type of buffer used (1) . Buffer ions moy
modify the charpe an the protein molecule through coubination with it and,
hence, the latter need not necessarily have the same net charge in two
different buffer systems of the same pil ( ’2’19).

Sekiiilen = wia. Khie Prat. So Gevelop Mie wekhol of Horlsentel
Starch-Cel Electrophoresis in his study of bovine blood proteins. The rew
material consisted of a high grade potato starch which had been partislly
hydrolysed by o 1:100 concentrated hydrochloric acid scetone mixtwre at a
teaperature of 38.5°C for a suitable pre-deternined time ‘**), For each new
batch of potato starch pilot scale experiments must be run to determine the
optimum hydrolysis time. Partial hydrolysis of the sterch is done evidently
to reduce the viscosity of the starch solution (O7"%) ¢4 an optimm level.

* Unless otherwise stated, Starch-Cel Electrophoresis means

Starch-Gel Electrophoreais as per the method of Smithes (3,5,) as distinct
from Unhydrolysed Starch-Gel Electrophoresis in the method of Bernfeld and
Nisselbaum (26).
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Poulik and Smithies (&) state that"the hydrolysis time is based on
the mechanical properties of gel, obtained with a hydrolysed starch concentration
of 14 g per 100 mls. of a buffer solution”. The buffer used comnonly was 0.02 to

0.03 M sodium Yorate 37,

A suitable quantity of the hydrolysed starch was heated in a suspension
in the buffer and the viscous de-aerated solution (1,3) was then poured into
suitable perspex or plastic trays (5) for setting into a gel. At the appropriate
time protein solutions were applied at the slots in the gel and current applied
at a suitable voltage. At the end of electrophoresis, the gel was sliced and the
protein zones made visible by staining. Details of the process are given by

smithies ¢193). and Poulik and Smithies %)

Some Modifications of the Method

The method originally worked out by Smithies (3) was Horizontal Starch-
Gel Flectrophoresis; the process being carried out with the gel tray placed
horizontal on the buffer compartments. The horizontal method, lowever, suffered
from a process of 'electro-decantation', (1,5) which tended to occur in the

protein solution in the slots of the gel during a run,

In Smithies' modified procedure (5) of Vertical Starch-Gel
Electrophoresis, the negative face of the slots was made horizontal to ground
level; the faster moving moteins, though causing a density gradient, moved into
the face of the gel, the force of gravity, and eleotrophoresis working in the

same direction. Theoretically, therefore, mo ‘electro-decantation' would be

expected.

'Electro-decantation' in Horiszontal Starch-Gel Electrophoresis was
prevented if the sample, under analysis, was applied in the gel as a saturated
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strip of filter paper (1) or, slternstively, the sample's viscosity wes
inereased by the addition of starch grains befare epplying the solution in
the slots V). Either method, while reducing greetly or eliminating
*electro-decantation®, did so at the cost of decreased resolution of the
protein mixture; the first possibly by adsorption of some proteins on to
the filter paper itself or through poor contact as a result of the peper's
rough swface, and the second by irregular packing in the gel slots (1,5),
The penerelly =ccepted technique in Horizomtal Starche-Gel
Flectrophoresis is to incorporate starch to the extent of 1% in the sample (7),
although Pert et ol. (6) mentioned that the actual quantity of starch was not
critical.

Wake and Baldwln (7) used s Horizontal Starch-Gel Electrophoretio
eppsratus, ainilar to that of Smithies (3), but to facilitate slicing, the
6 mn tray sides were divided into three 2 mm desp parts esch - the bottom 2 mm
section being cemented to the tray, whereas the top two 2 mm sections were
removeble, All three sections were in position when the starch solution was
poured into the trey. For slicing each of the top two sections were removed

in turn.

However, the most radical change from Smithies' original spparatus
for Barizontal StarcheGel Electrophoresis () is dus to Cumninghes md
Nagmason (&), These workers have described a plexigless freme, made in two
identicsl U-shaped parts which fit on top of each other. The U-shaped freme
mmu.wwm. Hydrolysed sterch solution in o
buffer was poured in after clamping the tubing at cme end, The gel set srownd



the filter papers placed at either end of the tubing ond these served
eventually as contacts in the actusl electrophoresis. It is claimed by
the suthors that the spparatus described was simple, compared to Smithies'
apparatus, and prevented eveporation and undue temperature changes in the
gel during electrophoresis,

The simplicity of thelr spparatus is accepted, but the suthors dia
not give any evidence on the separation of proteins in this spparatus. =nd
it is doubtful vhether a major advance has been made on the other problems
mentioned sbove i.e, evaporation and temperature changes, Smithies'
technique already keeps evaporation to a minimm. Hest conduction may be
faster perhaps through the tubing than with the perspex.

Hinor modifications have been suggested in the staining and weashing
procedures,

Yoo whaining, Sedtien *%) dn in. wludy o s pEckilns sEed i
saturated solution of Amido Black 10B in methenol + distilled water 4 glacial
acetic acid in the ratio 50:50:10. The seme solvent mixture (without the dye)
was used in the washing of the stained gels. The gel sections were held in
the dye solution for half a minute,

Z1ton et Erart (9), in their stuly of owesl proteins, used o ons —
ninute staining time. Rubinstein et al. ('°), in a quntitative study of the
measurement of proteins in Starch-Gel Electrophoresis found that bovine serun
albumin upteke of Ilapthalene Black 10B dye (imido Black 10B) was the meximum
efter four hours in the staining beth,
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It appears that, with staining, it is imperative to keep the gel
section as long as is practicable in the staining bath, to allow the dye to
penetrate tharough the gel for proper staiming of the separated protein zones.
The concentraticn of the dye in the solvent does not appear to be nearly so
critical as the time allowed for the dye to gein access to the protein zones
within the gel. This would be particularly important for detecting the minor

components in a protein mixture.

Seversl workers have attempted to modify or add to the washing
procedure to make the stained gel more transparent for easier detection of
minor protein components, and for more dependable photometric studies of the

protein zones using transmitted light,

Thus, Vake and Baldwin (7) incorrorated glycercl to the extent of
10% in the weshing sclvents. Vhen washing was completed, the gel was
transferred to a gluss plate and covered over by a fine textured rilter-paper,
“which had been soaked in the washing solvert. The whole was lef't to dry
overmight s{ room tsmpérature anc the filter-paper was peeled off i1n water
next day. An investigation showed that a marked contraction snd reduction in
the thickness of the gel cocurred by tids aetl.od, which did allow the easier
detection of minor components, as claimed Ly the authors. Glycercl prevented
the gel from ing brittle and. from experierce, gels so treated kept flexible
for aix months at least, s0 long as they were not subjected to a temperature
higher than room temperature and were kept closed in a box or a file.

Apart from keeping the gel moist, glycercl had ancther function -
that of increasing the transparency of the gel. GCratzer and Beaven (11)

obse:rved that clear gels could be obtaimed by "matching the refractive index



of the sterch with & licuid which replaces the water in the continuous phase”.
They tried morpholine (NA° = 1.455), but this was "ddssgreesble to work with',
apart from producing m:fzwdala effects on the gel texture and protein
stability. The use of glycerol (N2° = 1.473) was more successful. £ gel
atmmﬁmidoﬁlmkmﬂdhnagemmntbyimrsimm
giyomol (M), She shained and wsbiod sade o0d also s Heated 15 glyouril!s)
to get them transperent.

Fine oni Yeczosenko-z\12) clatwed to have chtained o completely
transparent gel by cpplying a 1.5¢ solution of ager to both surfaces of a thin
gels The exposel agar surface was then covered with Watmen No. 1 filter-peper
for even drying and ebsoxption of non-volatile mineral salts. The gel was
finally drded in the oven at 37°C for 48 hours.

Vesselinovitah (13) botled a stetned and washed gel in 107 scetic
acld solution, and claimed to have made the gel cleaver and the dstection of
minor components easier, This method was imvestigated and it certainly spreared
to clear the pel. but it cleared the minor protein zones off the gel too, axd
the clain that these were more easy to detect certainly was not substantiated -
not in the case of casein components anyway. Also. the gel became brittle amnd
diffioult to handle.

sattntes (1) mentioned that, efter the stained gel was washed in the
usual methenol:water:acetic acld solvent (50:50:10), it could be further
dehydrated in a second solvent cantaining more methanol, i.e. (70:30:10), end
finally immersed in benzyl alochol. Although complete transparency was achieved,
& mmber of difficulties were slso encowntered ('), namely, the gels became
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rigid and brittle, and "benzyl alcahol wes a powerful solvent for many
lecquers and varniches penerally used in electronic equipment”. Demsge

to the optissl instrument was, tharefcrs, possills, Croulade et aly O'¥)
suggested two posaible treatments to improve on the fragility end opalescence
of gels, which both involved the use of an infre red lamp.

Of the modifications given above, Wake and Baldwin's () method
seemed most suitable and was used. It appeared the simplest and the gels
kept far six months at least.

Pine and Wasszozenko-Z's agar method was not tried, meinly because
of tie Fius Pastur dnvolved, Ol workers 19) Suve vwed s wethiod.

Sgetion II:
Photogrephy of the Stained Cels

Since the protein zones tend to lose some of their colour over a
period, workers in this field have attempted to photograph the stained and
washed gel, as scon oo posalble after processing to maintain a permanent recurds

{
Smithies () suggested the use of a Kodsk Hicrofile 35 mm. filn with

a Wratten A red filter and Tungsten lamp illuminciion. He also suggested verious
developer fomules ani recommended oertain paper types for final enlargments.
Weke snd Baldwin (7) used a Kodak contrast Process Pan £ilm ami a Wratten G
£ilter,

Fhotogrephs of Starch-Gels, shown in this thesis, were taken in an
Alpa reflex cemera, uming Ilford Super Pam, 25 A.S.A. extra fine grain film,
A red filter wes used to obtain a good comtrast on the photogrephs.
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Transmitted turgsten lomp illumination through a yellow plastic box wes used.
and the gels werc placed on the plastic box and celloteped at the corners.
Developing ond printing was done by o Palmerston North photo studio. No detall:s
are aveilsble, axcopt that it was carried out es usual as for commercial

photographs on ordinary photographic paper.

Jaine $16) gogoribed a method for cbtaining rapid cantact prints

dstmm. However, the contact prints were not sultable for ruproduction

() Definition of Free-Flectrophoresis end Zome-Flectrophoresils:

By Pree-Flectrophoresis, we refer 10 a process ocawrrin in

dilute solutions ith the resultant pertial separation only of the differcnt
f e\
fractions, e.f. oving=loundery Electyophoresis in the Tiselius spporatus sels

In Zone-Electropharesis. a solld naterial is used as a
supporting mediun vhich allows the separation of a mixture into distinet zones.
Apart from this, the zones may be made visible to the eye by stailning methods,
e.g. Filter-Paper Electrophoresis, Gelatin, Agar and Starch-Gel Electrophoresis,
ete.

A fine account in the theory and practice of Moving=-DBoundary
Electrophoreais has been given by Longsworth (2).



The proeess is carried out in a Ueshaped channel containing a
buffer and a low comcentyetion of e protein mixture. On the passage of
current, the proteins move in a direction dependent on the pH of the systen.
A partial separation of the proteins occurs if convection currents are
avoided,and speeinl cpticel methods sre used for the recording of the
refractive index or its gradient along the arm of the U=tube, which
distinguishes the overlapping boundaries of the partially separated proteins.
In any arm of the U-~tube, the lighter solution is always sbove the denser
ane at each boundory {2/, at the end of the process, and this stabilization
through gravily is characioristic of this method.

Wié Timeliim opparston Y117 ant e reiabedl opitiesd soanmive
devices are a complex and costiy outfit, and compleie separaticns of a
protein mixture has not been achieved yet. The spparatus, in iie most
modified version, hos nol solved the problem of convection currents wshich

tends to cecur in the U-~tube,

Recovery of the separated proteins is a difficult process 2/,
The left arm of the U=-tube is open to the stmosphere and it is possibie %o
insert a capillary Wibe attached to a syringe and withdraw the protein
leyers at the boundariecs indicated by an optical device. The only components
which can possibly be {zken out pure are the fastest components on the left
arm aml the slowest in the xight arm in very small quantities. Often the
latter carmot be obtained pure, due to the spreading of the descending
boundaries (2) .

Lengswerth ()12 s condlunton gainteine et $n wpite of the
complexity of the spperstus and its limitetions, it s+ill remains the mildest
ﬁpmﬁmufwmmwmmaaﬁﬁrmumxm
proteins. The process cen be done et low temperstures and the proteins do not,



at any stage, oome into contact with a non-aquecus phase, which may give rise
to irreversible changes,

(idi) PFilter-Paper Electrophoresis

The mrocess of Pilter-Psper Electruphoresis cocurs in moist
chambers (19) ; the filter-paper {generally vhatien No.1) being placed
horizontally within the chamter with its ends dipped into the buffer compart-
ments of the electrode vessels. Current is passed for the desired time at the
desired voltage after a micro-quantity of samnle is applied at one end, At the
end of the process the paper strip is stained and, after washing, the stained
protein zones are measured by either the elution method (elution of steined
zones and measuring optical density of the sclution), the light reflection
method, or by cirect photometry. In the latter method, the paper is made
transparent by various chemicals (19) such as glycerol, or a mixture of
paraffin oil, and o -bromonaphthalene,ctc. The use of these solvents was to
get the refrastive index of the liquid phase in the paper to approximate that
of the cotton Iibres of the paper, thereby increasing transparency {19).

The technigue has meny modified versions and descriptions

of the simplest apparatus (20) to tie somewhat more costly apparatus (19) have

been giver,

Paper Electrophoresis is a Zone Elsctrophoretic method. lts
advantage over Free-Electrophoresis is that the solid support medium (i.e.
filter-paper) stabilizes the migration and the process is not affected by
convection due to heat. The equipment is less costly and simpler than in
Free-Boundary Electrophoresis.

The process, however, suffers from certain disadvantages.
It is possible, as in Free-Boundary Electropboresis, for electroosmosis to
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with respect to the buffer and the latter, being the moving phase and
positively charged with respect to the paper, tends to flow towards the
cathode and affects migretion of the components.

The passege of current heats the peper and increases evaporation.
Consequently, the icmic strength of the buffer tenis to vary, which will uoein
attwek migretion T17). Beparntion 1s velwoel by velng B = 19 Plvessin e
propylens giyesl in the butfer (21,

For pood separation of components, it is imperative that there
should be no *physical sorption' or 'chemical sorption' on the peper of the
somposerks V0, S Taber Anfeat iy T Ak 65 Dipoptiise 45 s Pl
paper, mainly the ash content. Attempts to modifly the surface of the paper
to reduce electroosmosnis snd adsarption have been made, end Vunderley (19) his

cdted some refercnces on the subject,

o e Tondleegs 12 Ftadadng it e pemovel oF daconi Sye
connected with it constitutes the most difficult step in the technique of
Papar Electrophoresis with regard to reproducibility". The intensity of
colouration is not proportional to the concemtration of the substrate. Also,
there is no evidence to suggest that iwo different proteins at the seme
concentration would have the same colour intensity which makes quantitative
evaluation difficult.

Wunderiqy concludes that peper electrophoresis under standardized
conditions, end partieularly with sutomatic technique, has gained a relisbility
of reproduction. Protein zones can be mede visible to the eye by staining, and
separation into diserete zones is a great adventage over purely boundary
separation, ss in Free-Boundary Electrophoresis. However, the difficulty of
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preparative procedures still remains, since the sample applied to the paper

is in very small quantities.

(iwv) s ~Grain Elect resis

A common procedure for using various granular supporting
media, like starch grains, is to simply meke a2 homogeneous paste with a
buffer and pack it in semi-cylindrical glass troughs or rectangular plastic
voxes (#23),  gigatrophoresis is generally horisontal, although a vertical
arrangement is recommended for reducing electroosmosis (22). After electro=-
phoresis, the block is segmented at the parts where zones are present (using
a filter-paper pressed against the block and stained, as an indicator of the
zones) (22). The protein zones may be eluted by centrifugation or merely
letting the starch settle down to give a supermatant liquid containing the

separated protein. Other methods are mentioned for the recovery (23 ).

Advantages of using granular starch in block electrophoresis,
as against silica glass pow:er or asbestos fibre, is that the starch granules
give a very homogeneous packing with little tendency to "melt' when handling (22,23 ).

Sharp bands can be applied at the origin.

Bloemendal (22) states that adsorption of most proteins on
starch is very small, but other workers (1,23) have contrasting opinions. The
elution of proteins from starch segments is easier than from gelatin or agar-gel,

an important factor for preparative purposes,

Some disadvantages are that electroosmosis, though lower than
in most supporting media (2"'), may still cause poor separation in this tonhnique{‘zz).
While the method works well for larger sized proteins, those below 30,000 in
molecul ar-weight do not migrate freely - possibly tlrough entrence of these
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smsller molecules into the swollen sterch gremules (23),  Purthermore,
"gmall emounts of soluble earbohydrate, phosphorus compounds, ninhydrin
positive materials and ultre-violet ebsorbing substences ceuse difficulty
in snelysing the isclated fractioms”.(2?)  DifPsciittes encountered with
specific proteins have boen emmerated by Kunkel end Trsutmen (23),

The tedmique was originally described by Gardon and his
comvorkers (25), ibout 2% to 3 agar may be used (723 4n o burfer to fam
the gel. The gel may be prepared on microscopic slides (23) or on plates
18mx6m(27).

Cut sections of the gels are steinable, as in the case of
Filter-Paper Llectrophoresis. There sppears to be little adsorption of the |
proteins i the peth of sigration EET) | vt adsarpkion cocurs in e siit
where the sample ic opplied. The technique eppears relatively aimple.
However, there are soveral dlsadventages.

Agar 18 1tself an alectrolyte 257 sma is 11ab2s to fom
complexes with proteins, TIts use is, therefore, limited to those proteins
which will not interact with it.

Agax is strongly acidic, due to the presence of an ethercal
sulphate for each galactose unit (27), and gives rise to considersble
electroosmotic backflom Preperative work is 4ifficult sinoce traces of
carboliydrate and other substences persist following isolation of zones from
agar-gel (7» 23)
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A brief description of the actual technicue has already
been given. In this section the advanteges and disadvantages of the method
vill be discussed snd comparisons made with other electrophoretic methods.

Starch-Gel Electrophoresis, which has hydrolysed starch as
the supporting medium. has the edvantage of zone detection by staining
methods characteristic of Filter-Paper Electrophoresis, and doe: not suffer
from the serious adsorption defects of Starch-Grain of Filter-Paper Electro-
phoresis. It retains the adventage of Agar-Gel and Starch-Grein Electro-
phorests fn e syrtSorkion of e seeils a8 & sutrow dnittal aone S wnd
the seperatel monss sbow 11841s aistertion V10 327), 1abs amrce)
Electrophoresis. it is adsptable to take small quentities of sample, but
appears to give beticr resolution then any other method,

Thin sections for staining are possible in Starch-Gel
Electrophoresis (3) » as against Agar-Gel Electrophoresis and Starch-Crain
Eleetrophoresis,
There seems to be very little éleoﬁ'oomosia in Starch-Cel
Electropharesis (9,26)
greater mechanical hindrence in the gels, Snmithies (1 ’3)r'eportad, however,

compared to the cther methods, possibly due to the

the osmotic flow of serum Y globulins, particulerly in lorizontel Sterch-Cel
Electrophoresis,

The greatest adventege of the StarcheGel Electrophoretie
method, however, lies in its ability to separate proteins on their molecular
size and shape, mmtmwmmmmmmm("3'9). In
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this it surpasses even Agar-Gel Electrophoresis. A 1% agar, for example, is

said to have a free space almost equal to that of free solution (28).

In the
starch-gel, the pore size may approach the molecular size of some proteins
which are offered greater resistance to movement. Smithies (1) gives
experimental evidence to show that the "starch-gel mobilities of proteins are
in the inverse order of their molecular sizes, despite the fact that on Filter-
Paper Electrophoresis they had approximmtely the same mobility at a similar pH".
In Moving-Boundary Electrophoresis, Filter-Paper Electroploresis, Starch~-Grain
Electrophoresis and Agar-Gel Electrophoresis, "the greater frictional
retardation of the larger sized proteins is compensated for by a greater net
charge”. This compensation does mot wurk in Starch-Gel Electrophoresis, due

to its own characteristic hindrance to the proteins.

This hirdrance could, however, be a disadvantage too. OSome
proteins are trapped in the slot itself and do mot enter the main gel blook(
This could be due to adsorption in the slot as in Agar-Cel Electrophoreszis or
due to excessive hindrance of the Starch-Gel, as may be the case with certain

naom-globulinl( 25 ).

The property of Starch-Gel Electrophoresis of superimpesing
resolution by molecular sizes on resolution by free solution motility introduces
another kind of danger which does not appear to have been solved yet. Franglen
and Gosselin (¥), working with the dye bromocrescol green, made the rather
startling discovery that Starch-Gel Electrophoresis separated not only distinctly
different substamces, but also metastable polymers of a monomer, i.e. separation
into different components was no demonstration of heterogeneity by itself. The
numerous reports Go) on the h.tom;pmity of human and bovine serum proteins,

9,23)
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and of milk proteins (7) , enzymes and hormones, as based on Starch-Gel
Electrophoresis mist, therefore, be accepted with reserve until this peint

is clarified.

Qther difficulties pertinent to the other methods remain with
Starch-Gel Electrophoresis, although perhaps to a lesser extent. Thus, in
the photometiic vvaluation of the stained gels, less trouble, due to opacity,
is encountered with agar and starch-gels than with stained filter-paper, but
the trouble is by no means very much less, as will be appreciated from the
discussion on modifications of the washing procedure in Starch-Gel Electro-

phoresis earlier on.

Furthermore, there are differences in the dye binding capacity
of different proteins and with stained filter-paper, agar and starch-gel
pattems, Beer's law is not followed with regard to comcentration and colour
inteneity o9,

Starch-gels also suffer from there being a certain amount of
background protein present in the starch originally. Gordon's work (51)
indicates that the background protein in a starchegel could well be about 5%
of the cacentration of that in the heaviest band in a gel pattem. It is
easily possille, therefore, that in a study of any protein by Starch=Gel
Electrophoresis, a wminor component could be missed, even using spectroploto-
metric methods of scamning, since the optical density of an area of gel,
containing no bends, would not be very much lower than one containing a weak

vana(?),
The method has not significantly solved the problems of preparative

vork which was evident in the other methods. Smithies (') briefly disousses
four methods by which the separated proteins may be recevered from the gel,

namely:
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(1) Pieces of gel could be macerated with a buffer solution.

(pifficulties: Incomplete recovery, particularly with lerge
noleculsr-weight proteins, dilution of proteins).

(14) Gel frozen, thawed ond liquid centrifuged, or sucked. or
squecezed out of the sponge like gel,
(ifrioulties: Pieces of gel may get into the sample, wnd
irreversitle adsorption of the proteins to the frozen
precipitated starch is possible)

(492) Taawe of grotalni by & seeond dlectaients (2152},
(Diffiadties: Proteins diluted and method cumbersome if
nany fractions have to be isolated but recovery can be
ainost complete (1,51) e

(iv) A collection slot made 5 am from the sample slot in the
gel, A verticle flow of buffer solution (41ml/hr.) across
the collection slot enables proteins to be collected as they
reach the latter,
(Difficuities: Some dilution. but less than other methods,
Not slmys Jesk-dree (af. Eiton snd Bt 39)),

Of the shove. No.(ii) has been used most (7’9), since it is simple
and rapid, and dilution with a buffer is not necessaxy, Obviously, however,
the problea of large scale preparative work remains unsolved.





