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 Collagen and gelatin are unusually rich 
in prolyl and hydroxyprolyl residues as 
compared with ordinary globular proteins. 
Because of the specific structures of these 
imino acid residues, the configurations of 

polypeptide chains in these proteins are 
expected to be quite different from those 
in other proteins. In fact, such charac-
teristics have been observed in solutions 
of collagen1-3) and gelatin4,5) as well as in 
collagen fibers). In surface films, if they 
are spread on aqueous surfaces, collagen 
and gelatin will likewise show a charac-
teristic behavior. 

 It was established with synthetic poly-

petides7,8)that the presence of prolyl 
residues in a polypeptide chain makes their 
surface films more expanded, chiefly due 
to the decrease in number of hydrogen 
bonds and, accordingly, the condensed 
nature of films of ordinary synthetic 

polypeptides may be ascribed to the

hydrogen bonding in films. It has been 
noticed that most globular proteins form 
condensed films. If the roles of prolyl 
residue in polypeptide monolayers are 
reproduced in protein films, collagen and 

gelatin should form expanded films on 
aqueous surfaces. 

 In the present paper it will be examined 
by the measurements of surface pressure, 

potential and viscosity, whether these 
considerations are valid or not for the 
surface films of gelatin.

Experimental 

 Materials.-Gelatin was purified from leaf gela-
tin of Nihon Hikaku Co., Ltd., by desalting it in 
acetate buffer at pH 4.8 and then washing it 
with distilled water. The pH of the solution of 

gelatin thus obtained was 4.9. Concentrations of 
gelatin solutions were determined by measuring 
the dry weight of 0.5% stock solution. Spreading 

solutions were prepared by diluting the stock 
solution ten times with distilled water. 
 Methods.-Surface pressure, potential and 

viscosity were measured by a surface balance of 
float type, a vibrating electrode and an oscillating 
rotatory disk, respectively. Surface moment was 
calculated from surface potential, using the 
Helmholtz equation. 

 To adjust pH of aqueous subphases to 2.0, 5.6 
and 11.2, 0.01 N hydrochloric acid, distilled water 

and 0.01 M potassium carbonate were used, 
respectively. Purified potassium chloride was 
added to prevent the film from dissolving into 
aqueous subphases.

Results

 Fig.1 shows surface pressure-area

(II-A) and surface moment-area (μ-A)

 1) P. M. Gallop, Arch. Biochem. Biophys., 54, 486, 501 
(1955). 

 2) H. Boedtker and P. Doty, J. Am. Chem. Soc., 77, 
248 (1955). 
 3) C. Cohen, J. Biophys. Biochem. Cytol., 1, 203 (1955); 

A. G. Szent-Gyorgyi and C. Cohen, Science, 126, 697 
(1957). 
 4) P. Doty and H. Boedtker, J. Phys. Chem., 58, 968 

(1954). 
 5) E. V. Gouinlock, P. J. Flory and H. A. Scheraga, 

J. Polymer Sci., 16, 383 (1955). 
 6) G. N. Ramachandran and G. Kartha, Nature. 176, 

593 (1955); A. Rich and F. H. C. Crick, ibid., 176, 915 
(1955); P. M. Cowan, S. McGavin and A. C. T. North, 
ibid., 176, 1062 (1955); R. S. Bear, I. Biophys. Biochem. 
Cytol., 2, 363 (1956); G. N. Ramachandran, Nature, 177. 
710 (1956); A. Rich and F. H. C. Crick, " Recent Advances 
in Gelatin and Glue Research ", Pergamon Press, London 
(1958), P. 20. 
 7) T. Isemura and S. Ikeda, This Bulletin, 32, 178 

(1959). 
 8) S. Ikeda and T. Isemura, ibid., 32, 659 (1959).



138 Shoichi IKEDA and Toshizo ISEMURA [Vol. 33, No. 2

Fig.1. Surface pressure and moment vs.

 areacurves of gelatinonsalt-free

 solutions at pH 2.0 (○,○),5.6 (○,□)

 and 11.2(●,■):20℃.

curves of gelatin films on salt-free sub-

phases at three different pH's. Surface

pressures of gelatin films on distilled

water were scarcely influenced by the

temperature of spreading solution and the

nature of spreading solvents. Besides a

gelatin solution in distilled water at room

temperature, a solution in distilled water

at 48℃, and solutions in 0.1 M potassium

rhodanate, in 40%ethanol and in a mixture

of dichloroacetic acid-isopropanol-water

(5:2:3)were examined. Fig.2shows the

IIA and μ-A curves of gelatin films on

1 M potassium chloride solutions at three

different pH's. On the alkaline side the

film had a slight tendency to dissolve into

aqueous subphase, when spreading solution

was freshly prepared. The surface

viscosity-area (η-A)curve of the film on

1 M potassium chloride is also shown in

Fig.2.

Fig.2. Surface pressure and moment vs.

 area curves of gelation on l M potassium

 chloride at pH 2.0 (○, ○),5.6 (○,□)

 and 11.2 (●,■), and surface viscosity

 vs. area curve on l M potassium chloride

 at pH 5.6(p):20℃.

 Discussion 

 Both collagen and gelatin are composed 
of about 30% glycyl residues and about 
30% prolyl and hydroxyprolyl residues. 
In solution a collagen molecule exists as 
a rigid rod-like particle1,2) which is also 
found in collagen fiber from X-ray diffrac-
tion studies6). On the other hand, a 

gelatin molecule behaves as a random 
coil like ordinary polymer molecules but 
unlike a collagen molecule 4,5).
It was reported, however, that, if colla-

gen and gelatin are spread as surface

films, they are indistinguishable from each

other:collagen spread from its formic

acid solution and gelatin from its aqueous

and formic acid solutions give identical

II- A and μ-A curves on 30% ammonium

sulfate solution9). This fact is consistent

with the present observations that II-A

curves of gelatin films are independent of

the nature of the spreading solutions.

 In spite of its hydrophilic nature, gela-
tin formed a stable film on distilled water, 
as already noted10). The extent of the 
spreading of film was very incomplete and 
not very much influenced by the acididity 
and alkalinity of aqueous subphases. Such 
behavior of gelatin film is quite different 
from those of other protein films11). 
Further, molecular expansion of gelatin 
as was observed in aqueous solutions 12) 
was not reflected in its surface films. The 
surface moment of gelatin was higher on 
distilled water at pH 5.6 than on aqueous 
subphases at both sides of this pH. 
This is not consistent with the idea of 
titration of surface films13,11), but is in 
agreement with the result for collagen 
film on aqueous solutions, the pH's of 
which were adjusted by hydrochloric 
acid9). Addition of salt into aqueous sub-
phases caused gelatin films to spread 
morel14). Even on 1M potassium chloride, 
however, gelatin spread still incompletely 
and appeared to dissolve on compression. 
The surface pressures at different pH's 
were nearly identical on such a concen-
trated salt solution, as was generally 
expected from the theory of ionized
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monolayers. Apart from these facts, all

the surface films of gelatin were found to

be of expanded types.

It has been observed that globular

proteins, when spread as monolayers, form

condensed films, at least, at the isoelectric

point and occupy an area of about 15 A2

per residue, which would mean that the

protems are in the β-conHguration15,11).

The expanded nature of gelatin films may

be attributed to the roles of prolyl residues

such as are found in the polypeptide

monolayers, i. e. to the reduced number

of hydrogen bonds7). In surface viscosity

behavior was exhibited the general prop-

erty of expanded films showing that the

surface viscosity is only manifest at high

surface pressure region8). The incomplete

spreading and pressure-solubility of gelatin

films may come from its hydrophility and

specific configuration of polypeptide chains.

Fig. 3. Comparison of surface pressure-
 area curve of gelatin with those of 
 some synthetic polypeptides. G: gela-
 tin, I: poly-L-prolyl-L-leucylglycine, II: 
 copoly-1:1:1-(L-proline, L-leucine, DL-
 alanine), III: poly-L-proline. G and III 
 on 1 M potassium chloride.

 Collagen and gelatin molecules were 
once regarded as consisting of L-prolyl-

glycyl-R sequences, on which basis Astbury 
and Bell16) suggested a chain configuration 
in collagen fiber. Recently, Millionova 
and Andreeva17) proposed from their X-ray 
study on poly-glycyl-L-proline that glycyl-
L-prolyl sequences are repeated in a col-
lagen molecule. The amino acid analysis 
on partial hydrolysates of gelatin18) and

collagen19) has, however, shown that a 
considerable amount of L-prolyl-L-hydroxy-
prolyl sequences are found in them, and 
now it is generally recognized that gelatin 
and collagen contain these sequences 
abundantly. At present, a configuration 
of polypeptide chain in collagen fiber has 
been established on the basis of the 
repeated structure of L-prolyl-L-hydroxy-

prolyl-glycyl sequences6). 
 It appears that the surface pressure 

behavior of gelatin film also supports the 
presence of these sequences. In Fig. 3 
the 17-A curves of some polypeptide films 
reported in a previous paper 7) are sum-
marized together with that of gelatin film 
on 1 M potassium chloride. It will be seen 
that the extent of expansion or the surface 
compressibility of gelatin film lies near 
that of copoly-1: 1: 1-(L-proline, L-leucine, 
DL-alanine) and is lower than that of poly-
L-proline. In the former copolypeptide 
L-prolyl-R-L-prolyl sequences are possible 
and in the latter polypeptide the succes-
sive L-prolyl residues exist. Thus, it is 
considered that a gelatin molecule consists 
of L-prolyl-R-L-prolyl or L-prolyl-L-prolyl-R 
sequences. Since some of the prolyl 
residues in gelatin are substituted by 
hydroxyprolyl residues and the presence 
of hydroxyprolyl residues makes a surface 
film somewhat condensed, the latter 
sequence, i. e. L-prolyl-L-hydroxyprolyl-
glycyl, may be favorable to explain the 
extent of expansion of gelatin film, in 
accordance with the results of chemical 
analysis. 

 If L-prolyl-L-hydroxyprolyl bonds are 
assumed to exsist in a gelatin molecule, 
the effect of salt on gelatin films can be 
well interpreted following Harrington's 
suggestion"), that most of these bonds are 
trans in distilled water and the addition 
of salt causes the trans-cis transformation 
of these bonds. If the parts of cis bond 
in a gelatin molecule remain on the surface 
while the parts of trans bond dissolve in 
aqueous phase and the other parts are 
either on or in aqueous subphase according 
as their own hydrophility and their sur-
rounding chain configurations, it can be 
explained why gelatin can form a stale 
film even on distilled water in spite of its 
hydrophilic nature. Further, the presence 
of salt in subphases would stabilize the 
cis bond more than the trans bond, causing 
the trans-cis transformation, and make
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films spread more easily. There con-
siderations are consistent with those made 
for poly-L-proline film previously7). 

 Summary 

Surface films of gelatin, which is very 
rich in L-prolyl and L-hydroxyprolyl 
residues, were examined on salt-free and 
1 M potassium chloride solutions at three 
different pH's by the measurements of 
surface pressure, potential and viscosity. 
They were found to spread incompletely 
but to be of expanded types. The incom-
plete spreading and the other properties 
of the films were regarded as a manifes-
tation of the specific configuration of gelatin 
in films. The expanded nature of the 
films was attributed to the roles of prolyl 
residue in gelatin such as observed in

polypeptides. The extent of expansion of 
the films appeared to give evidence to 
support the results from chemical analysis 
that a gelatin molecule is composed of 
a large amount of L-prolyl-L-hydroxyprolyl 
bonds. The behavior of gelatin films was 
adequately explained by assuming that the 

parts of cis L-prolyl-L-hydroxyprolyl bond 
form the film and the parts of trans bond 
dissolve in aqueous subphase. 

 This work was partly supported by a 

grant given by the Ministry of Education, 
to which the authors' thanks are due. 

Faculty of Science 
 and 

Institute for Protein Research 
 Osaka University 

 Osaka


