
-PiTRATION CURVES OF PROTELNS BY COMBINED ISQELE-RZC 
FOCUSING-ELECTROPEORESLS IN WGHLY PQROUS POLYACRYL- 
AMIDE- MATRICES 

Highly cross-linked (highly porous) polyacrylamide gels as described in the 
literature were found to be poorly characterized support media, Dizllyhartardiamide 
@ATD) cross-lurked gels contain up to SO-90°~ unpolymerized DATD, which reacts 
with proteins and produces gluey and highly stretchable matrices. The conversion 
into polymer could not be at&ted by time or higher temperatures, since DATD is 
an inhibitor of polymerization, but only by adding very high amounts of persulphate. 
Increased leveIs of riiflavin actually decreass the poQmerization efficiency. Highly 
cross-linked N,N’-methylenebisacryiamide (BIS) gels, at &I-50% C, are too hydro- 
phobic and produce a c&lapsed matrix which keeps exuding water. A happy com- 
promise are 30% C,, gels, which are stable and allow unhindered migration of 
globular proteins up to S- 10s daltons. BIS and DATD gels can be stabilized by 
covaleut binding to a glass surface precoated with Silane A-174. The order of reactivity 
for monomers appears to be: acrylamide > BLS > DATD. Po!ymerization con- 
ditions are described which ahow better than 96 % conversion of monomers into the 
polymer. 

INTRODUCITON 

By exploiting an original idea of Rosengren et al.’ we have recently demon- 
strated the possibility of develsping titration ~7%mobihty) curves of proteins by 
isoelectric focusin g (LEE) in a polyacrylamide gel followed by electrophoresis at right 
angles+, After creating a stationary pH gradient in the first dimension, the protein 
sample is loaded in a long trench which spans the gel from anode to cathode. When 
electrophoresis is performed perpendicular to the focused stack of carrier ampholytes, 
the protein moves in the gel according to its titration curve, since point by point along 
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the migriztios~ p2tb the m2cromoIecule %ees~ the prevailing pK of the environment 
and picks up or reI= protons according to the pK vaIues of its ionizabIe groups. 

By ti_ techuique it is possible to study interactions of proteins wih Iigkds, 
ad the pH dependenaz OF the Iiganded stzte, provided the Iigkd has a high c&E.&y 
for the protein (association constant of the order of /LM)3. By the same method, we 
have also been able to detect macromolecule-macromolecule interactions (e.g. met- 
hemoglobin with cytochrome &, and hemoglobin, or Q and /I subunits, with hapto- 
globi@‘_ Titration curves of peptide and polypeptide chains can &so be wormed 
in 8 M urea, with or without 2% Nonidet P-40, in order to expose completely the 
charged groups to the solvent and avoid intra- and inter-chain interactions6. More- 
over, in the case of simpIe, uni-Went amphoteric molecules, we have derived an 
equation linking the electrophoretic mobility of the titrated ions with the pK values 
of their anionic and cationic groups7~“. 

If absoIute_ free mobility data could be derived from our titration curves, 
besides representing intrinsic, macromokuhr parameters for a given protein under 
a @@_ set of experimental conditions, these data would also be of paramount impor- 
tance m decking an objective fractionation route by charge-dependent techniques. 
UnfortunateIy, commonly used poIyac@amide geIs (5-7 % T, 4-5 % C)g, represeat a 
sieving medium not only for macromoleeulcs, but even for small moIccuIcs, such as 
buffer ions, urea and DzOxo. Recently, however, non-restrictive polyacryiamide gels, 
hi&Iy cross-linked with either N,N’-methyIenebisacryIamide (BJS) or with diallyl- 
tautardiarnide (DATD) have been sxportd for use. in electrophoresis”, isotacho- 
phoresis and IEF and SDSeIect.rophoresis 13. Use of these highly porous media for 
devefoping titration curves seemed therefore the next logical step_ However, when 
we attempted to use these highly cross-linked matrices we ran into a series of unex- 
pe,&zd difficulties, owing to the poorly characterized behavior and properties of these 
g&s. In the present report, we shall attempt to describe the chemistry of these matrices 
and their successful use as a support for developing titration curves. 

MATERULS AND MEEHODS 

BIS, DATD, acrylamide, ammonium persulphate, riboflavin and N,N,N’,N’- 
tetramethyiethylendiamine (TEMED) were from Bio-Rad Labs., Richmond, Calif., 
USA_ Horse spleen ferritin (twice crystalhzed) was from Miles Res. Labs., Kankakee, 
IX, USA, Ampholine pH 3.540 from LICB, Brow Sweden, Silane A-174 
(organosilane ester) from Union Carbide Silicones, Sisterville, W_ Va., US-A_ and 
acetone spectra ACS from Eastman Kodak, Rochester, N.Y., U.S.A. 

GelpoZ&merzkzfion 
Since the percentage of cross-linker (% C) was varied from 4% to So%, while 

the total Ehonomer concentration (% T) was kept constant at 6% throughout our 
experiments, we used a 30% stock acrylamide soIntion and added to it each time the ’ 
reqired amount of solid BIS or DATD. This was particularly necessaq with BKS, 
owing to its low solubility. The X&ml gel solution, containing 2% carrier ampholyte, 
was degassed at room temperature, under stirring; for 5 min with a vacuum of 
0.1 mmHg. The vacuum was interrupted with nitrogen, via a three-way stopcock so 
that the solution at no time had a chart= to n+equiBirate with atmospheric oxygen. 



The gel slab was cast just after adding the required amount of catalysts (50~1 of 
TEMED and 35 mg of persulphate/lOO ml of gel solution). These conditions ensure 
uapparent~ polymerization in S-10 min. 0ur .polymerization conditions are con- 
sidetibly mon%drastic than the ones typically foynd in the literatun?~“, ix_ degass3g 
with a vaczlwn of IO-20 mmHg at 4”, no nitrogen flushing, 18-15 mg of persulphate/ 
100 ml’Of ger solution. 

The general methodology has heen already described2, except that we now 
routinely pol~meriz square-size gel slabs (12.5 x 12.5 cm, 2 mm thick) by cutting 
the glass slabs (12.5 x 26 cm) routinely used in the LKB 2117 Multiphor chamber. 
By this method we can run both dimensions by simply turning the gel slab through 
90” after the IEF run and still using the same electrode cover lid. Routinely, the first 
dimension (IEE) is run at 10 W constant for 90 min (900 V at equilibrium) and the 
second dimension is run at constant voltage at 600 V/l 1.3 cm electrode distance, 4” 
and 15 min. 

Covaiertt boding of the poljacrykzmitie gel to the glass svface 
Since highly cross-linked BIS gels are extremely brittle, whereas the corre- 

sponding DATD gels, while beiig mechanically stable, tend to swell and stretch up 
to twice their original si~e’~, we have developed a method for covafently fixing the 
gel slab to the glass surface’ by which it is supported_ Just prior to casting the gel, the 
1 mm thick, 12.5 x 12.5 cm glass slab routinely used in the gel moulding chamber is 
dipped for a few minut& in 0.1% Silane A-174 in acetone. Upon evaporating the 
solvent, a thin f&n of silane molecules (which contain a reactive double bond) is left 
on the glass surface. During polymerization, the layer of acrylamide molecules 
adjacent to the glass copolymerizes with silane so that the gel is firmly bound to the 
glass and cannot be peeled off or stretched during subsequent staining and washing 
steps. The gel is so sturdily bound to the glass, that, if the glass slab has to be recovered 
for further use, it has to be scraped during washing with steel-wool. The silane 
SO~I~~OSI, if kept at 4” in a dark bottic in the absence of humidity, is stable for seved 
months. 

TitrafioiI of mreaczeti BIS ad DATD 

After polymerktion, the gel slab was divided into four squares, each corre- 
spodhg to 7.5 ml of original gel solution. One square was tieiy chopped, diluted to 
60 ml final volume and stirred for 1 h at room temperature_ Measured aliquots were 
acidified with F&SO, (to 10 -final concentration), centrifuged to remove gel debris, 
and titrated with 10 m KMnO,. The bulky, brown man_ganous ion precipitate was 
removed by repeated centrifugations and permanganate additions continued until a 
dear violet supernatant was detected. Under these conditions, the catalysts (TEMED. 
riboflavin and persulphate) did not appear to interfere with the titration as jud_@ by 
titrating separately the same amount of riboaavin contained in the gel and, in ffie 
case of persulphate, by titrating gel portions electrophoretically depleted of catalyst. 
At least in the case of persulphate, the non-interference with the titration might be 
due to its conversion into sulphak during the time allotted for polymerimtion and 
gel “ripening~. 







PoljmenFzatiii ejj%a=ency vs. tfine fzt_fikedX CanifciV . 

. ~ In an attempt to improve the wnvtion of motioiers into the pdymer, we 
‘have .‘stu&d the reaction Icibetics at amslderabIy higher temperatures. From -past 
experience, we knew that, when we needed a gel in a hurry, incubation at 40” wouId 
bring about a very rapid po&mrization. In fzct, when 243% BIS gels were is&&cd 
at 60”, the conversion to 9!5~polyrsxe&ation tias &kkved In o&y 60 n&k, as Opposed 
to overnight at room tezqerature (Fig_ 3)_ An eE& co&i adsa be seen od 27% 
CFDAm g&s, -but- it was ra?&er iimited since t&e po@merizatio~ ef%iency co&d be 
its-4. film the usml level of CQ. 45 % to CiQ % baa no kther ccmvetion could be 
obtsined eve& on ovemigbt incubation At HF. We did not attempt to use h.igkr 
teznperaturq si%ce! under t&se more d%.stk condXons the pessulpbate in the geX 
could oxidize tie car%ier ampho@tes. Moreover, it wti repmted that the water regain 
Of the gel (and thus, pr- bly, the extent of poIymeriz&ion) was not aEected by 
beatirlg the gds to 80” (ref_ IS). 
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uateSpOnsive,.to both these v2rkblq we h2ve contriensd oar expetiats on the 
assampfio~ th2t it is the cWtry.ofthe DATD moledepe~ se which interferes with 
ffie gel pgiymerizz&n_-Since it has been reported th2t 2lcohoEs inhibit a&amide 
pQ1yQletion, bpctig as fm radical traps u=ls. it seer~ed ~ogid to condude that 
DATD, which is a l&diol, is &self an inh@tor of gel polymerizaion, If this is so, 

.dy a drastic blQiease in the amount of catalyst in the gel, to a level c2p2ble of over- 
coming the inhibitory power of DATD, shorild bring about the desired conversion of 
the ~Q~.~OFIBZP. iat~ the polymer. fn fact, as shown in Fig. 4, a @-fold increase of 
persalphate above the rtzammended IeveIs is required to ixmxpwa~ 95% of the free 
DATD present into the polymer_ The DATD gel thus porymerized was just as brittle 
and meiastic as eqimofar BE3 gels- At these extremely high Ievels of c&a&s& how- 
ever* no carrier ampholytes can be imxxpurated into the gel during the polymerization 
process, since they ate stmngly oxidized (the gel turns from co!orkss to deep yellow) 
and the polymerization eEciexy is reduced. When gels conraining 1 g of persulphate/ 
100 ml of softion were polymerized in presence of 2% Amph@ine and used for 



Since tie condi$ms w~&zh a&eve nf&+j tofal conversion of DATD ini0 
potyrpler +e not quite compatiiI& w% subsequent eTec&opboresis Or T!EF, we have 
tried to achieve the same results by using riboI%2v& which is uncharged and not an 
oxidizing agent as is persulphate. Rowever, much to our surpri$e, as the level of ri’io- 
fIati was prr,;;ressiveIy iucreased in the geJ up to 25 times the recommend& amonnt, 
the polymerization efiiciency kept decrea& g from 30% conversion at tow ribofIavin 
IeveIs down to a mere 10% conversion at high cataIyst concentrations. We do not 
have a ready explanation for this, except to suggest that, as the riboflavin levels are 
increased, activated moIecuIes can transfii their ener= to molecules in the ground 
state, which thnk act as a radical sink, much in the same f&&ion as inczeasing the Ievel 
of a tluorofor in solution brings about a ff uorescence decrement, by self absorption 
of em&d radiation. 

Etration curves in highly cross-linked BIS gek 
when the BIS gels at any level of cross-Iinker ate “aged” overnight at room 

temperatu~ or 1 h at W, unperturbed titration curves of proteins are obtained, 
indicating *&at nearly total conversion of the monomer into the poIymer has been 
achieved (Fig. 5A). As is weII known from the Iiterar~nF~“~~*, we can follow the 
progressive increase in pore size with increasing % C_ In the case of ferritin (440,CXlO 
daltons) we can see ffiat practicaIIy free mobility is already achieved at a level of 
30% BE, sin= the mobility increments at any pH aiong the titration cnrve in going 
from 30 to 50 % C are almost negIigibIe (Fig. 5B). Thus, 30% C,, geIs are non-sieving 
for gIobuIar molecules up to 5- 105 daftons, in agreement with literature dataU ob- 
tained by measuring retardation coefficients (K& A 50% C,, gel would probably be 
non-sieving for gIobuIar molecuks up to ea. 3 - 106 daItonP; however, we have found 
that, at least in IEF, and probabIy in many other electrophoretic techniques, the limit 
value for xcproducibie gels and runs is centered around 30% CBIs_ 40% and 50% C,, 
gefj are simply disastrous to the IEF process: the gel matrix coIIapses with time and 
this causes syneresis or exudation of liquid from the gel, with concomitant disruption 
of the AmphoIine focused pattern. Equilibrium conditions are never reach@ and in 
fact, most of the time, the exuded liquid generates electric short circuits, and the gel 
starts burning on the sides. We attribute this to the fsha that BIS is slightly more 
hydrophobic thsn acrylamide. ProbabIy a 30% CBa ge1 &presents a happy com- 
premise between the hydrqphobicity and h~&ophiIicity of the matrix. At higher % C 
the hydrophobicitJi prevails, the water is PO Eonger tightIy heM around the polymer 
chains, and this results in a colIapse wi_+_water Ioss frpm the matrix- . . .= .4 . .-..: -. , . 

Titmim curves in h&hZy crpss-,kked D.ATD?ge~s“_’ ** _ 
As stated previousIy, hi@y dist&ed: pi&&: of protein’s’ are obtained in 

DA.T& ge& (Fig- cLk).- Howe&-& wh& t&i. DA$‘@%s,gs’& converted into po@mer, 
no deviation from the sigmoidal pattern is @parent@ig. 6B). However,. these geIs 
seem to be of IittIe practical rztility since* in order to obtain the pattern of Fig. 6l3, the 



Fig_ 5. rmtion ctnxz (A) and mobility data (B) of ferritin as a fimction of percentage of crass- 
&&r (BiS). (A) pH_mobility curves of ferritin in 10 % (A& 15 oA (AZ), 20% (AJ) and 30 7: (A,) BIS 
crasslinked poiyacrylamidt gel-150 pl containing 106) pg of ferritin were used in each titmion 
cxmc Elcctmpboresis conditions as under “Methods”. While the first dimension varies 2.s a function 
of ~~srs(sbmertjQewith~ “/,C)~semndrunisalwaysperfol-medunderasetof 
absohlte~y coastans pammetes (6@B V/11.3 cm, 4” and 15 mix). The two zrmvs and posit& and 
negative symbols rep- the direction and polarity of koektric focusing (IEF) and electmph~ 
resis (El). Tbe two arrowbcmis indicate the sample application mne (Le. f&e zero mobility of 
i.soc@ztr’iG PIant). (E) MobEty data of fm as a function of % Ce~ cakuktcd at pH 8.0 (e) and 
at PEE 8.5 Q &XII tk titratiOQ cwxes of FG. 5% Notice the IapILing of migration at 30% C,, - . . -. . . . . f ~_ .c- ---_-.*-- e-__ __L1,fL_ 
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Fig. 6. Titration curwzs (A, B) and mobility data (c) of fen-it& as a function of percentage of cross- 
linker (DA-I-D)_ (A and I?) pH-mobiIity cuxves of ferritin in 27%4&m gels poIyme&ed under 
“srandard conditions* (A, 50 % ccmxrsion rate) 2nd under 95 % polymerization efficiency (B) i&er 
removal of pepsulpbate and equiiiration in AmpboIi~ as described in the text. In (A), tbe two 
broken~&cums&bethegelarea~hereswere distortioxl of the ferritin titration CuNe OccuIs, 
He~abIuriedzowofferritinmolecu%sisohserved.~from~~all~waytothe 
outer edge of the pH-mobGty awe_ In (BE, notice the complete absslQ o~distaaiom and the much 
reduced mobility_ (C) Mobility data of f&fin as a fsnction of % C&- &u&&d at pH &O(6) 
znd at pH 8.5 (A) from a s&es of gels at diEat %t&- (not shown) poIymerizd under 
“standard conditions~. Even tbougb at these pH vahzes tbc protein m&ares outside tb5 bi&Iy 
distort& pH znnc (pH 6-S). the fxt that the ahsolute migration d&mas travelled axe bigbcr 
~incq~htBISQds~thattheprotzinhassomeaminogrougs~witfiI)A~, 
resuXtiug in a loss of posftive charges, 



gel had-to be polymerized with very high levels of catalyst (I &100 ml of gel) in 
absence of Amphoiiae, the persulphate had to be washed out for 1 _day and the gel 
equilibrated in 2% Amphobne for an additional day. This is certainly not amenable 
to routine appiication, since it is tim~nsuming and expensive in amounts of 
Amphohne used_ When mobibty data are plotted vs. % C in our routinely polymerized 
gek (which ensure ca_ 50% DATD conversion) it can be seen that the ferritin mobility 
is still not quite leveled at 40% CnArp (Fig. 6C), indicating that the average pore size 
is smasher than corresponding BIS geis (the mobiiity measurem ents were taken at 
pH 8-O and pH 8.5, Le_ just outside the range of the heavy distortion due to unpoiymer- 
ized DATD). Moreover, in the gel which had heen polymerized to 95% ef&iency 
(Fig. 6B), the mobility of ferritin was further decmased, indicating a further reduction 
in pore size. In addition, we could see that these “hi_&Iy converted gels” were just as 
brittle and unekstic as the corresponding BIS gek of equimolar % C_ 

We finally seem to begin to understand the behavior of highiy cross-linked 
polyacrykmide matrices. Especizlly in the case of DATD gels as prepared according 
to the original protocol of Anker19 and others1z~U, all the strange properties reported, 
namely: gel swelling and stretching up to twice the original siz~e’~, softness or gluey 
appearance of the gel, leveling of increase of pore size at X5 y0 C (ref. IS) or invariance 
in pore size in the range 7.26 to 27 yO CoAmU and concave and diffuse protein bands13, 
can now be understood if we assume that a large amount of the cross-tinker in the gel 
was actually never converted into polymer. At Ieast in one case, where clear polymer- 
ization conditions were detailed*r, we have demonstrated that in fact S&90°~ of the 
original DATD present in the gel is still left monomeric and unchanged after gel&ion. 
No wonder then that no progressive increase in pore size could be measured with 
progressive increase in % Cn,,: the gel was aheady a ioose framework of fibers 
sparingly cross-linked to start with, even at low % C. These vast amounts of free 
cross-linker in the gel could have serious deleterious effects on the proteins to be 
separated_ It is in fact known that actykmide can react with free amino groups 
(especially the amino terminus of a protein chain, which usually has a low pK), thiol 
residues as wetl as hydroxyl groups of tyrosine. Since, in the case of ferritin, the 
strongest modifications are seen in the pH 6-g range, this suggests reaction of DATD 
with teM amino groups (there are 24 subunits in ferritin) and also with free, 
reactive thiol groups of cysteine residues, If we assume that there is no extensive 
charge alteration of the protein molecule, then the marked mobility decrease in the 
pH region 6-g could be due to DATD acting as a cross-linker over difherent ferritin 
molecuks, grafting them together into a hi&-mokdar-weight ag~gate_ At the 
moment, however, we have not attempted to measure variations 31 ferritin mokcukr 
weight or the stoichiometry of ferritin/D14TD. Highly cross-linked DATD gels are 
ako quite dangerous for laboratory personnel handling them, owing to *he high levek 
of unreacted monomer, which is known to have neurotoxk efhzcts. “Highly cross- 
Iinked DATD gek” SO far reported in the literature should in fst be renamed “highly 
un-cross-linked gels”. 

At the moment, ffie oniy acceptable highly porous gek for titration curves are 
30% Cnk gek- They ahow unhindered migration of globukr proteins up to 5 - 105 



disltons, thus abeg measu3x ments ofmpractidy &ee mobiiitks at any pII vaiue. 
The Get that they are brit* (however? $st as britt2-e as propcriy poiymm DAYD 
gels) should no Ion- be a pro-, since by the Sib A-L74 casting procednre the 
gel stays fnmly bound to the glass slab used for geI moulding and can be conveniently 
stai%ed and d&stained without break&g mto a thousand pieces-. The problem in fact 
arises if&e ge1 has to be detached from the glass surface for drying or storage. In this 
case* after a 6nal equiliiration step in 5% gY@erolt the gel is firmly pressed against 
a sheet of Whatmann 3MM. As the filter paper is gently Iif&?, most of the gef can be 
sliced away from the glass surface with the aid of a long, sharp knife. Now the paper- 
pzzste&&e9nr_bedriedin~~air. 

In terms of ,oeneraI properties of highly cross-linked gels, DATD gels appear 
to be fully compatible with water, as seen by the ready solubifty of DATD in water 
and as medicted from its I,%diol structure. On the other hand, BIS, which contains 
an additional methylene group for each two molecules of a&amide, seems to be 
markedly more hydrophobic than DATD and acrylamide. It is sparingly soluble in 
water, and as seen in our experimental conditions, it causes the gel matrix to collapse 
and exude water above 30% concentration, a behavior typical of an hydrophobic 
polymer, Moreover, the gel s&ace in 40% and 50 % C,, gels has a “dry” appearance 
and f&s “dry” to the touch_ The hydrophobic&y of BIS could also be responsible 
for the peculiar way in which these gels polymerize. Above 10% BIS, the poQmer- 
ization does not start and propagate uniformly throughout the gel, as customary in 
regular gels, but it begins in scattered points along the gel chamber. These “nucleation 
events-” are ckarly seen since droplets of opaque, polymerizing material appear 
suddenly through the chamber and begin to sediment, being denser than the surround- 
ing medium Hydrodynamic streaming is produced in their wake as these par-G&s 
sediment- This probably rest&s in some inhomogeneity of the gel matrix, but luckily 
this ef&ct must be rather limited as we cannot see any disturbance in our titration 
curves. 

Perhaps hydrophobic 50% C aIS or pure BIS geIs could he used as a medium 
for hydrophobic interaction chromatography or maybe for afIino electrophoresis of 
membrane proteins. From a point of view of general behavior of highly cross-linked 
gels, at levels Of 20% CBS Oi higher, the f ocusing time in the first dimension is 
practically halved (4550 miu as opposed to 90 min in regular gels) suggesting that 
routinely used gels (~5-7 oT T, 4-5 % C) retard the migration of cvcn carrier amphoiytcs 
species (average molecular weight 800 daltons), as already reported for buffer ionsre. 
In terms of reactivity, the scale appears to be: a&amide > BIS >> DATD. The last 
molecule, in fact, seems to be efGzctive1y an inhibitor of polymerization. 

An ideal matrix for titration curves would be a OS-1 % agarose gel, which has 
an exclusion limit of co. 1.5- 108 daltons and thus would allow practicaliy unhindered 
migration of macromokcuks in ffie multimillion mohuhr weight range. Ho*wever, 
even the best purXed brand of agarose recommended for IEF (agarose EF from LISB), 
while satisfactory for equilibrium IEF, still contains enough charges to produce 
severe distortions on our titration curves (unpublished esperiments with Dr. K, Ek, 
Stockholm, Sweden). Work is in progress to develop a pm-i&I agarose suitable for 
titration curves. 
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The ghss c&kg with SiIane A-274 is not one of our inventions. It was sug- 
gusted to us by Di- L. S&ierberg, Uppsalla, Sweden, at a meeting in Brussels, May 
1979, and fuIl credit should be &en to him. We also thank Dr. K. Ek for suggesting 
to us the use of square size 12S x 125 cm gels in the LKB chamber. A.B.B. and 
P.G.R. thank NASA for the use of their facilities at the Marshall Space Flight Center 
(MSFC), where this research was carried through, and the University Space Research 
Association (USRA) for a summer visiting professorship at MSFC and for support 
of this research. Supported aIso in part by grants No. 78.02249.04 and 78.01533.06 
from Consiglio Nazionale delie Richerche (CNR, Rome) to P.G.R. 

NOTE ADDED IN PROOF 

While this work was in press, it was brought to our attention by Dr. D. 
Malpern (Polysciences, Wanington, Pa., U.S.A.) that indeed ally1 derivatives are 
generalIy poorly reacting species. We have been unable to tind direct data on DATD; 
however, it has been reported that the C, value (transfer constant to monomer) for 
most ally1 derivatives is usually lOC!Q times higher than for acry!amid$O_ Moreover, 
the r, value (monomer reactivity ratio), which gives the extent to which a monomer 
either propagates a chain by reacting with itself or by reacting with another, diEerent 
monomer present in the mixture, is, for ally1 derivatives, usually 104) times smaller 
than for acryIamide and, in quite a few cases, it is altogether zero”. This is in amplete 
agreement with our experimental data and further co&irms the widening gap between 
the biochemical and chemical literature. 
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