
Biochemistry. - Behaviour ot microscopic bodies consisting ot biocolloid slIstems a d 
d d' d • n suspen e In an aqueous me ium. VIII. Formation and properties ot hollow spheres 

from coacervate drops containing nuc/eic acid. By H. G. BUNGENBERG DE JONG 
and C. V. D. MEER. (Communicated by Prof. H. R. KRUYT.) 

(Communieated at the meeting of April 25, 1942.) 

1. Introduction. 

In Communication VII 1) of this series we said that CaCl2 and Co(NH3 )oCls eause 
the formation of hollow spheres from the G + N + a eoaeervate of the composite 
coaeervate drops which on pH reduetion are formed in sol mixtures G: N : A = 3 : 1 : 1 
(G = gelatine, N = Na-Nucleinate, A = gum arabiC) . In § 3 there follow further obser
vations eoncerning the formation and properties of these objects, preeeded in § 2 b 
some other ways in whieh hollow spheres ean be formed from the G + N + a coacervat:' 
As for colloid preparations used and general methods we refer to Communication VII. 

For an explanation of the mechanism of the formation of hollow spheres by salts from 
the G + N + a coacervate it is important that we al ready find an analogous formation 
~f hollow spheres in the G + N coacervate. In what follows we shall discuss this more 
lil detml (§ 4). It was desirabie to make a preliminary investigation of the effect of 
salts on the coacervate volume of the G + N coaeervate, the results of which we add 
briefly in § 5. 

2. Some other ways in which hollow spheres may be obtained trom the G + N + a 
coacervate. 

A. Effèct ot pH reduction and pH in cr case on complex coacervate drops. 
When aecording to the directions of § 3 in Communication VII in the auxiliary 

apparatus described there, we have prepared the composite coacervate drops and reduce 
the pH by the gradual addition of HCl (e.g. at intervals of 15 minutes each time 5 cc 
HCl 0.01 N), we no te some phenomena which are not very striking: the G + A + n 
wall of the composite coaeervate drops deereases in volume, to disappeal' finally, while 
perhaps the vacuolization of the enclosed G + N + a drop increases a little. So we 
see th at pH reduction has an effect analogous to that of KCI in Communication VII. 

When we first prepare tbe composite coacervate drops and then increase the pH on 
the other hand, by gradually adding Na-acetate (e.g. every five minutes 1 cc Na-acetate 
0.1 N) the volume of the G + A + n wall is also first seen to decrease. Af ter it has 
disappeared entirely the remaining coacervate drop (originally the enclosed G + A + n 
coacervate of the composite drops) strongly vacuolizes on continued pH increase and 
after a stage of froth structure a ~ypical hollow sphere is fOl'med with a rather thin wall 
(Fig. 1 a-f). When the system iis cooled to room temperature while under the micros
c~pe we add some granules of saccharosis, we observe invagination (Fig. 1 f-g). This 
dlsappears on dilution with water, which shows that the invagination was brought ab out 
by osmotic dehy~ration, the changes described in Fig. 1 c-f are analogous to the ehanges 
prevlOusly descnbed in the complex coacervate gelatine-gum arabic. The formation of 
hollow spheres described here we shall not discuss further, in this place only mentioning 
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1) H. G. BUNGENBERG DE JONG, Proc. Ned. Akad. v. Wetensch. Amsterdam 45 393 
(1942). ' , ,-
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the fact, that drops of the complex coacervate gelatine-nuclein acid also change into 
hollow spheres, by increasing the pH which are also invaginated aftel' gelatination, with 

cane sugar. 

B. Hollow sp here torrnation in consequence ot dilution with much dist. water. 

Here follow some observations made several times, and very interesting from a morpho
logical point of view, presenting many problems the solutions of which we have not yet 
attempted. When in the usual way (10 cc buffer + 10 ec dist. water + 5 ec stock sol 
G : A : N = 3 : 1 : 1) we have prepared the system of coexisting eoacervate drops, adding 
a great quantity (e.g. 50 cc or more) dist. water, we sometimes see that the G + N + a 
coacervate is gradually lifted from the edge of the composite drop by a eavity, although 
locally the contact persists (Fig. 2 a-b )'. In other cases we get the impression that the 
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enclosed G + N + a coaeervate has lost contact with the outside of the drop enclosed, 
gradual!y passing as an independent body into a hollow sphere with a rather thick wal! 

(Fig. 2 a-c). 
Here we have frequently observed that within the cavity in the G + N + a coacervate 

there is fornled another cavity much more sharply circumscribed. By focussing the 
microscope at different depths we can observe that this second cavity is optically not 
so dense as the one in the G + N + a coacervate, so that here there is a vacuole 
(Fig. 2d V). The rest of the cavity in the G + N·+ a coaeervate must then be filled 
with newly formed G + A + n coacervate. This is also indicated by the samè behaviour 
of this cavity and the enveloping G + A + n coacervate on pH reduction, wh en granu
lation arises, see Fig. 2e (formation of small, new G + N + a coacervate drops). 

Finally we no te that the morphologic condition of d does not represent an equilibrium, 
as when a preparation is long left to itself in the auxiliary apparatus at 40° the condition 
of Fig. 2f is gradually reaehed, the en ti re contents of the hollow G + N + a drop being 
broken through, the two G + A + n coacervates having united, whereas the vacuole is 
still enclosed in the G + A + n coacervate. On cooling and after the addition of cane 
sugar the G + A + n wall invaginates (Fig. 2g), becoming round again wh en di st. water 

is added. 
Here we make brief mention of the remarkable morphologic strueture of the bodies 

of Fig. 2f, whieh has many points in common with some naked plant cells (occurring 
for instance in the pulp of ripe berries). The morphologic eonstellation present, is 
otherwise the same as occurs in the prisma tic cells of eelloidin membranes 1), which have 
much in eommon with the morphologic structure of normal protoplasts enclosed in cells. 
The only difference is that here we find this constellation without an enclosing wall 

substanee. 

1) H. G. BUNGENBERG DE JONG, Proc. Ned. Akad. v. Wetensch.,Amsterdam, 45, 76 (1942). 'IS 



500 

3. Fl1rther details cancerning the farmatian af hallaw spheres [ram tlle G +- N +- El 
eaaccrvate by the additian af salts. 

A. Effcct af an excess af sa/ts 2-1 and 3~-·1 an the hallaw spheres tlws farmcd. 
In Communication VII we described how CElClz and Co (NH:l ) GC1

3 
cause the 

formation of hollow spheres from the G +- N +- a coacervate. With slightly greater 
concentrations there is a ncw effect, namely that the originally beautifully homogeneous 
pictures become less fine, sometimes even granular (markedly with Co(NH

3
) GCI

3
). We 

get the impression that the G +- N + a coacervate assumes a more membrane-like 
character. It has of ten a corrugated surface, becomes blurred and granular. But also in 
the equilibrium liquid a finely granular precipitation is formed. The cause of this mor
phologic d.egeneration is to be found in the formation of the autocomplex system: 
bl- resp. tnvalent cation +- nuc1einate colloid anion. 

Hence nuc1einate sols show a similar granular floculation with bi- and trivalent 
cations, but not with salts of type 1-1. 1-2 or 1-3. 

B. Specific salt eUccts an the [armation af lwllaw spheres. 

In Cammunication VII wc have seen that with xe gard to CaCb, Co(NH3loCl;; acts 
equally strongly already at smaller concentrations, while KCI does not cause the formation 
of hollow spheres (at least as long as there are composite coacervate drops). So to the 
activity of the salts decreasing from left to right the following valence rule applies: 

3-1 > 2-~1 > 1--1 

1t has appeared that hollo-w spheres mayalso be formed owing to KCI. KzS0
4 

and 
K3CH(S0313, although this only happens with concentrations at which the surrounding 
G +- A +- n coacervate has already been neutralized. The salts mentioned then arrange 
themselves in the valence rule of the ani ons 1-3> 1--2> 1-1. We also investigated 
by the same method if there are any differences between MgC12, CaClz, SrCI

2 
and BaCI

2
. 

Here we found that the last two have the weakest effect, but we could not obtain any 
certainty as to the order of Sr and Ba. The order of the four cations was found to be 
as follows (according to their activity decreasing from left to right concerning the forma
tion of hollow spheres) 

Ca> Mg > Sr, Ba 

. The o:der of the ions ag rees with the order found by O. BANK and E. G. HOSKAM 1) 
Hl thelr 1l1vestigations of the specific effect of ions on the neutralization of the complex 
coacervate gelatine - nucleic acid (G+-N). 

Ca > Mg > Sr > Ba, 

While as regards the general valence effect it was also found 2) that 3-1 > 2-1 > 1-1 
and 1-3 > 1--2 > 1--1. W.hen to this we add the observation published in another 
Communication, that KCI, added to a coacervated G + N system causes the formation 
of hollow spheres a) then it is very likely that 

a. The problem of the formation of hollow spheres from the G +- N + a coacervate 
by the addition of salts is fundamentaliy the same as in the G + N coacervate, 

b. The formation of hollow spheres in the G +- N + a coacervate and in the G +- N 
coacervate is intimately connected with the processes attending the neutralization of the 
complex coacervate by added salts. 

It is for these reasons that we have further studied the G +- N coacervate and in the 
following section (§ 4) we sha11 first see if what has been said in a. applies, while in 
§ 5 we shall further discuss the supposition in b. 

I) O. BANK and E. G. HOSKAM, Protoplasma 34, 188 (1940). 
2) O. BANK and E. G. HOSKAM, loc. eit. (Valence of cations), H. G. BUNGENBEFG 

DE JONG and ONG SIAN GWAN, Biochem. Z. 221 (1930). 

3) H. G. BUNGENBERG DE JONG, O. BANK and E. G. HOSKAM, Protoplasma 34, 30 
(1940) p. 41. 
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4. Formation af hollow spheres [!'Om the G +- N coacervate by the addition of salts. 

A. Met/wd. 

With the same pH value the water percentage of gelatine-nucleic acid coacervates 
is considerably below that of gelatine-gum arabic coacervates (the consequence of greater 
density of charge of the nucleinate colloid anion). The result is that wh en one wants to 
prepare G +- N coacervates which are sufficiently liquid and suitable for morphological 
investigation, the pH must be chosen considerably higher. Whereas for the G +-A coa
cervates pH 3.7 is a suitable pH, a considerably higher pH is preferabIe with G +- N 
coacervates. Moreover, in the complex combination G + N there is an additi'onal compli
cation on aoidification in the formation of nucleic add. As we shall sec in § 5 these 
disturbances occur already below pH 3.8. In what follows we worked with pH 4.4, 
when we could easily obtain coacervate drops which were beautifully homogeneous and 
of sufficient si ze for morphological investigation. 

We always started from a stock sol consisting of 9 gram gelatine FOO extra +- 3 gr.Na 
nucleinate + 108 cc H20. Aftel' the mixture has been left one night in the refrigerator 
it is dissolved by heating and used at once in experiment (for preparations and the me
thod see Communication VII). 

In the auxiliary apparatus we place at 50°: 
18.2 cc dist.water + 1.8 cc HCIO.! N and then .5 cc of the above stock sol (these 

quantities are in agreement with optima!' coacervation see § 5). Aftel' .5 min. the coacervate 
drops are sufficient\y large and homogeneous, aftel' which the study of the effect of added 
substances can set in. Wh en 10 cc dist.water is added, no morphologic changes take place. 

So when with an added salt solution, usually a much smaller volume than 10 cc, we do 
no te changes, this is to be ascribed to the salt and not· to the water in which it is 
dissolved. In examining the salts the foIIowing method may be folIowed. 

We first prepare a coacervated system, aftel' 5 min. we add a smaller quantity (e.g. 1 
resp. Yz cc CaCI20.1N) salt solution, observe possible morphologic changes for 5 min. 
add the same quantity of salt solution, observe for another 5 min. thus continuing· the 
intermittent addition of the salt solution . 

. A variant of this method is the addition of salt solution every 30 min. instead of every 
.5 minutes. In wh at follows thetwo methods are referred to as the 5 minute and the half 
hour method. 

B. Effect ot the cation and anian valence on the change ot the G + N coacervate 
d!'Ops into hollow spheres. 

By the 5 minute and the half hour method we first investigated the effect of the val en ce 
of the cation and the anion. We found that in sufficient concentrations all the saUs 
examined change the caacervate d!'Ops into hollow spheres. 

The changes are similar to those described in Communication VII for the effect of 
CaCb and Co(NH3)eC13 on the G + N +a coacervate, namely first increased vacuoli
zation, then coa!escence of the vacuoles to few vacuoles, the drop sometimes assuming 
the character of a froth mass, aftel' which the hollow sphere stage is reached. 

The results of the 5 minutes and the half hour method are shown in Table 1. 
In column 3 are stated the values of the quantities added every 5 resp. 30 minutes of 

the salt solutions mentioned in column 2 (to K3CH(S03ls we first added solid salt til! 
15,20 resp. 22 m.aeq. final concentration and aftel' ca. 10 min. we continued by adding 
the 40 m.aeq. salt solution). 

The final concentrations which are just too low for the maximal effect are found in 
column 4, they precede those which are sufficient. 

By the two methods we find the orders: 

Co(NH3lüCla > CaCI2 > KCI 
K3CH(S03ls > K2S04 > KCI 

Proc. Ned. Akad. v. Wetensch., Amsterdam, Vol. XLV. 1942. 32 



502 

TABLE I. 
Addition of salt to 25 cc coacervated G + N system. which are not yet and 
just (underlined) sufficient to change practically all the coacervate drops 

into hollow spheres. 

Salt solution Addition in cc 

Co (NH3) oCI3 0.1 N 0.5 0.5 -0.1 -0.1 
CaCI2 0.1 N I -0.5-o.s-0.5-.2.,2 

5 min. KCL 0.5 N 0.5 0.5 - 0.5 - 0.5 - 0.1 
method K2SO" 0.5 N 0.5 0.5 - 0.5 - 0.2 - 0.1 

K3CH (S03l3 0.04N 1.0 
22 m.aeq. 

-----------------"" 

Co(NH3)oCI3 0.1 N 0.7 - 0.1 -0.1 -0.1 
CaCI2 0.1 N 2.0 - 0.5 -0.5 
KCI 0.5 N 1.0 - 0.25 - 0.25 - 0.25 

Yz hoU! K2S04 0.5 N 1.0-0.1 - 0.1 
method K3CH(S03ls 

15 m.aeq. 0.04N 0.5 - 0.5 -- 1.0 - 1.0 
K3CH(S03)3 
20 m.aeq. 0.04N 1.0 

I 

Final ~onc. in 
M.AEQ.pL. 

4.2- 4.6 
12.5 --13.8 
37.0 -38.7 
31.8 -33.6 
22.0-23.7 

3.5- 3.8 
9.1-10.7 

28.3 -32.7 
21.1 - 22.9 

17.8 -- 20.7 

that is. the order in which the salts from Ie ft to right have a decreasing neutralizing 
effect on the complex coacervates: 

3-1>2-1>1-1 
1 -- 3 > 1 - 2 > 1 - 1 "double valenee rule". 

C. Specific effect ot the cations. 
In order to investigate accurately the specific effect of MgCb. CaCI2. SrCI2 and BaCI2. 

we observed the morphologic changes of the following mixtures with each time 4 of 
these salts during 5 min. and 30 min.: 

25 cc coacervated system + 2.5 cc 0.1 N salt solution 
25 cc coacervated system + 3 cc 0.1 N salt solution 
25 cc coacervated system + 3.5 cc 0.1 N salt solution 

and we stated the order: 
Ca>Mg>Sr. Ba 

analogously LiCt NaCI and KCI were compared with each other. but the differences 
are so slight. that we can only pronounee the supposition that the order is 

Li > Na >K 

D. Ot her points ot agreement between the G + N and G + N + a coacervates. 
With CaCI2 and Co(NH3 )oCI3 degeneration phenomena also occur in the G + N 

coacervate. In the 5 min. method the first degeneration symptoms coalesce approximately 
with the optimal formation of hollow spheres. In the 30 min .• method the two are dis tin ct. 
so that in a certain concentration section. sound hollow spheres may be obtained. Again 
the hollow spheres show lengthy invagination with cane sugar. The invagination is of 
short duration with salts (e.g. aftel' the additions of some granules of KCI under the 
microscope) . The G + N coacervate also gives hollow spheres on pH increase (NaOH) 
which also invaginate with cane sugar. 

5. On the mechanism of the change of G + N + a resp. G + N coacervate drops into 
hollow sphercs through the addition ot salts. 

From what was mentioned in § 4 b-~ appears the great similarity in the change into 
hollow spheres of G + N + a coacervate drops and of G + N coacervate drops through 
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the addition of salts. so that we may safely assume that if we can account for the G + N 
coacervate. the same will apply to the G + N + a coacervate. In order to make quite 
sure we also tried if the addition of KCI wil! cause the formation of hollow spheres from 
the G + A coacervate. The result is vacuolization. sometimes a large central vacuole 
is formed. but it disappears spontaneously aftel' 5--10 minutes. leaving only homogeneous 
coacervate drops. On the other hand. the walls of the hollow spheres which are formed 
by adding KCI to the G + N coacervate are thinner and the spheres lost much longel' 
(e.g. 6 hours at 50°), aftel' which homogeneous coacervate drops are gradually fornled 
again. In these respects. therefore. thc hollow spheres from thc G + N -f- a coacervate 
are very much like those of the G + N coacervate and unlike those of the G + A 
coacervate. 

As regards the mechanism of the formation of hollow spheres from the G + N 
coacervate. the occurrence of the double valenee rule and of the specific cation order: 

Ca> Mg > Sr, Ba (and possibly Li > Na > K) point to the intimate connection with 
events attending the neutralization by salts of complex coacervate G + N. In order further 
to support this conclusion. we made preliminary measurements at 40° of the effect of 
salts by the coacervate volume method, which we have often applied in our study of 
the G + A coacervate 1). These tests are conducted so that they are practically com
parabIe with the method described above: 25 cc final volume, containing 5 cc stock sol 
(9 G + 3 N + 108 H20). The coacervate volumes we re noted aftel' centrifuging to 
constant volume. 

Fig. 3 shows the effect of added HCI. It is seen that the coacervate volume reaches 
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a maximum at 1.8 cc HCI 0.1 N (determined graphicaHy by constructing a bisecting 
line). 

In Fig. 3b the coacervate volumes are set out against the pH values measured at 40°; 
it appears that the peak of the curve lies at pH 4.40. The optimal coacervation, according 
to electrophoresis measurements lies at 40° very near the revers al of charge, which we 
found to be with 1.7 cc HCI = pH 4.45 2 ). 

The part of the curves of Fig. 3, where the equilibrium Iiquids as weil as the coacervates 
were entirely deal' has been drawn in full, only towards a greater quantity of HCI (resp. 
towards a lowe.r pH) the equilibrium Iiquid (formation of nucleic acid, see § 4a) begins 

1) e.g. Proc. Kon. Ned. Akad. v. Wetensch., Amsterdam, 42,247 (1939),45,3 (1942). 
2) Here we wish to express our thanks to Dr. H. L. Booy for his assistance in 

measuring the electrophoresis velocity. 

32* 
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to be opalescent (pH 3.87-3.67). The coacervate is then fairly transparent still, but 
by still lower pH values, it becomes more and more opalescent and less transparent, like 
the equilibrium liquid. 

Fig. 4a and 4b show the effect of neutral salts at optimal coacervation (i.e. at 1.8 cc 
HCl constant) 1). Here we see the order of the salts (double valenee rule) characteristic 

Fig. 4. 

of the neutralization of complex coacervates. In Fig. 4 we have clearly marked the 
concentration sections extending between the two each time named concentrations in 
Table 1. 

Indeed we see that the concentrations from which the hollow spheres are characteristi
cally formed lie at the bottom of the coacervate volume curves (by the 5 min. method 
at roughly 0.1 and by the half hour method at roughly 0.25 of the original coacervate 
volume). 

So hollow spheres do, indeed, develop as a co-effect of the neutralization of the 
coacervate by salts, rapidly (in 5 min.) when 0.9, slowly (in 30 min.) wh en 0.75 of 
the original coacervate volume wil! disappeal' through neutralization by salts. 

The foIIowing observations are of importance for the problem of the mechanism of the 
formation of hoIIow spheres: 

A. Cane sugar does not produce hoIIow spheres at ca. 100 m. mol fin al concentration. 
The presence of càne sugar in this concentration does not prevent the formation of hollow 
spheres by salts (e.g. KCI.) they also persist wh en afterwards canc sugar is added. 

B. When through a salt a system of hollow spheres has 'first been formed, the extra 
addition of 10 cc dist,. water does not cause the spheres to disappeal', but the walls 
become a little thicker. When, however, 10 cc 10 % amylum solubile (MERCK) is added 
to a system of hollow spheres f0r111ed by a salt, the hollow sphere changes in 10--15 min. 
into a homogeneous coace,rvate drop, whiich condition is still present aftel' 2 hours, 
10 cc 10 % dextrine has the same effect. When to the original coacervate system 
10 cc 10 % amylum solubile is added first, it is no longel' possible to obtain hollow spheres 

by the addition -of KCI. 

1) Measurements to the left of the peak (at 1.3 cc HCl 0.1 N) and to the right of 
the peak (at 2.6 cc HCl 0.1 N) show a course of the curves analogous to that we lately 
described for the G + A coacervate (H. G. BUNGENBERG DE JONG and C. V. D. MEER, 
Proc. Ned. Akad. v. Wetensch., Amsterdam, 42, 490 (1942) i.e. in the first case (negative 
coacervate) in small salt concentrations there is the order ~f curves (from top to bottom) 
3-1 ... 2-1... 1-1...1-2 ... 1-3 in the second case (positive coacervate) the order 
is reversed. In the higher salt concentrations the curves in both cases approach the 
abseiss axis in the order of the double valence ru1e. 
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So we state a difference between a molecularl,y dissolved non-electrolyte (cane sugar) 
and a colloidally dissolved non-electrolyte 1) (amylum, dextrine). 

The former penetrates into the coacervate, the latter probably does not (at least we 
know this for complex coacervate G + A). Although aftel' gelatination the wall of the 
hollow spheres is not easily penetrated by saccharosis, this is apparently not thl case 
at a working temperature of 50°, according to A. But according to B. we must assume 
impenetrability for amylum solubile, even at 50°. 

So we arrive at the conclusion that according to B. we can prevent the formation of 
hollow spheres, resp. that we can change hollow spheres that have formed already into 
homogeneous coacervate drops, by giving a certain colloid-osmotic pressure to the 
surrounding equilibrium liquid. Therefore it seems prabable to us that the hollow spheres 
are also formed in consequence of calloid-osmotic overpressure of the contents of littIe 
vacuoles, formed primarily as a result of added salts. The question remains why with 
the G + N coacervate and ta a less ex tent with the G + A coacervate, there is terne 
porarily a colloid OSlllOtic overpressure of the contents of the vacuoles with regard to 
the medium surrounding the coacervate drops. vVe tentatively offer the foIIowing 
explanatian, based on the rapid reaction ta changes of the medium of the G + A co a
cervate and on the slow reaction of the G + N coacervate. 

This can indeed in principle account far the above: the contents of the vacuoles will 
have assumeq the higher colloid percentage of the equilibrium liquid belonging to the 
salt concentration long before th is is the case with the great volume of the medium 
surrounding the coacervate drops. In this period there is colloid-osmotic overpressure 
of the vacuole contents, so that they want to take up water. When this happens, however 
the colloid osmotic pressure of the vacuole contents is not diminished because the water 
taken up, at once passes again into equilibrium liquid by taking up colloids from the 
coacervate surrounding the vacuole. 

The driving force for the inflow of water into thc vacuoles, owing to which they 
become ever largel' and coalesce so that finally hollow spheres are formed, persists until 
at last the surrounding medium liquid has also assumed the composition of the equilibrium 
liquid. Owing to thc rapid reaction of the G + A coacervate to changes of the medium, 
the colloid osmotic non-equilibrium between primary vacuoles and surrounding medium 
liquid is of short duration, so that the formation of hollow spheres takes place during a 
short time only. 

Summacy. 

1. Further details are given concerning the formation and properties of hollow spheres 
from thc G + N + a complex coacervate of composite coacervate drops. 

2. Added sa lts also change drops of the G + N complex coacervate into hollow 
spheres and here again we find the influence of ion valenee (double valenee rule) and 
the specific ion order: Ca > Mg > Sr, Ba. 

3. Measurements of the effect of salts on the volume of the G + N coacervate show 
that with concentrations in which typical hollow spheres are formed the coacervate is 
neutralized for the greater part. 

4. A provisional explanation is given of the mechanism of the formation of hoIIow 
spheres by added salts, according to which a temporarily existing colloideosmotic non
equilibrium between medium and contens of the primary vacuoles is taken as starting 
point. This explanation also accounts for the fact that the formation of hollow spheres 
by adding salts to the G + A complex coacervate is not nearly so striking. 

Leiden, Labocatocy tor Medical Chemistcy. 

1) Amylum solubile MEI(CK, although it has a weak capillar electric negative charge, 
has a very high reciprocal hexol number and can therefore be considered practically a 
non-electrolyte. As a matter of fact it does not form a complex coacervate with positive 
gelatine. 


