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collagen. As an exploratory study, the amino acids recoverable from a com-
plete acid hydrolyzate were determined on an automatic amino acid analyzer.

EXPERIMENTAL

Collagen preparation.—Cured cowhides were washed in water and
fleshed. They were then limed for five days, unhaired, and scudded. The
hides were washed and neutralized with dilute acetic acid solutions to a final
pH of about 5.0. They were then washed free of acid, dehydrated with
several changes of acetone, air-dried, and split to obtain three layers. The
center layers only were used. These were cut into small pieces and ground
in a Wiley Mill in the presence of dry ice to prevent overheating of the
collagen. This material contained 18.19, total nitrogen, 0.38%, amino
nitrogen, and 0.479, amide nitrogen on a moisture-free basis. The nitrogen
was determined by the semimicro Kjeldahl method; amino nitrogen, by the
method of Doherty and Ogg (9); and amide nitrogen, by the method of
Mellon ez al. (10). Shrinkage temperature was 63°C., as determined by the
microscopic method of Borasky and Nutting (11).

Treating with epoxy resin.—Four hundred grams of the above purified
collagen was dispersed in 10 1. of distilled water. After a thorough wetting,
84 g. of sodium carbonate and 400 g. of sodium sulfate were added, and the
collagen was equilibrated for 2 hr. Then 200 g. of epoxy resin was added.
This resin was obtained by solvent fractionation of commercial Epon 562
resin™ and consists almost exclusively of a single component with a molecular
weight of 353 which has three epoxy groups and one chlorine atom per mole-
cule. A four-inch-square piece of limed calfskin, which had been neutralized
to pH 5.0 and washed free of salts as described for the ground collagen, was
also put into the reaction mixture as a reference for the degree of tannage.
The mixture was stirred continuously for five days.

The supernatant solution was decanted, and the solids were washed free
of dissolved salts by repeated decantations with distilled water. The solids
were dehydrated with four changes of acetone and finally air-dried. The com-
bination of water and acetone washes should remove any unbound resin or
resin hydrolysis products.

This epoxy resin—tanned collagen contained 15.8%, of total nitrogen,
0.0279%, amino nitrogen, and 1.359%, chlorine. This indicates a resin content
of about 139, These fibers had a shrinkage temperature of 74°C. by the
microscopic method. The piece of calfskin tanned in the same solution had
a shrinkage temperature of 79°C. in a Theis Meter.

Preparation for amino acid analysis.—One-gram samples of the col-
lagen and the epoxy resin—treated collagen were hydrolyzed by refluxing in

*This product is a condensation of glycerol and epichlorohydrin and is produced by Shell Chemical
Corporation, 500 Fifth Avenue, New York 36, N. Y. The mention of specific brand for companies is
not to be construed as an endorsemen 1by the United States Department of Agriculture of these brands
or companies over those not mentioned.
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TABLE 1

AMINO ACID COMPOSITION OF COWHIDE COLLAGEN AND
EPOXY RESIN-TREATED COLLAGEN

Amino Acid N as Grams Amino Acid
Percent of Total N Per 100 Grams
Cowhide Epoxy Resin Cowhide Epoxy Resin
Collagen Collagen Collagen Collagen

Total nitrogen 18.1 15.8
Amino nitrogen 2.1 0.2
Amide nitrogen 2.6 2.4
Glycine 25.9 24.8 25.2 21.0
Alan ne 8.7 8.2 10.0 8.3
Leuciine 2.0 1.9 3.4 2.8
Isoleucine 1.0 1.0 1.7 1.5
Valine 1.7 1.7 2.6 2.2
Serine 2.6 2.7 3.5 3.2
Threonine 1.3 1.4 2.0 1.9
Methionine 0.5 0.2 1.0 0.3
Proline 10.8 10.3 16.1 13.4
Hydroxyproline 7.9 8.3 13.4 12.3
Phenylalanine 1.0 1.0 2.1 1.9
Tyrosine 0.3 Trace 0.7 Trace
Arginine 14.1 12.7 7.9 6.2
Histidine 1.3 1.2 0.9 0.7
Hydroxylysine 1.0 0.05 1.0 0.05
Lysine 4.1 0.4 4.0 0.3
Aspartic acid 3.2 3.1 5.5 4.7
Glutamic acid 5.4 5.1 10.3 8.5

Total* 95.4 86.5

*This total does not include the value for amino nitrogen.

TABLE 1II
AMINO ACID RECOVERIES INDICATING REACTION WITH EPOXY RESIN

Recovery From Indicated Reaction
Amino Acid Cowhide Epoxy Resin

Collagen* Collagen* Amount* %

Lysine 205 20 185 90
Hydroxylysine 50 2 48 95
Tyrosine 30 0 30 100
Methionine 50 20 30 60
Arginine 352 317 35 10

Total 328

*Moles per 10,000 moles of total nitrogen.
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The resistance to acid hydrolysis exhibited by the linkages between the
epoxy resin and the lysine, hydroxylysine, tyrosine (and possibly methionine
and arginine) present in epoxy resin—tanned collagen indicates that these
linkages are extremely stable. It is, therefore, suggested that the stability
of the epoxy resin—tanned leathers results from the formation of these ex-
traordinarily stable linkages.

CONCLUSIONS

1. A triepoxide has reacted almost to completion with the lysine, hydroxyly-
sine, and tyrosine residues of collagen to form linkages extremely resistant to
acid hydrolysis.

2. A fraction of the methionine and arginine in collagen may also have
formed linkages with the epoxy resin which are resistant to acid hydrolysis.

3. One-third of the total epoxy groups of the epoxy resin are utilized in
forming these stable bonds.

4. The stability of the epoxy resin—tanned leathers results from the pres-
ence of these highly stable linkages.
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DISGUSSION

Dr. J. H. HicaBerGER: Our kngwledge of the structure of collagen has
been growing by leaps and bounds during the last few years. Unfortunately,
I think it is fair to say that knowledge of the chemical modifications produced
in collagen by tanning agents has not kept pace with the increase in our
understanding of collagen, itself. We know, in a general way, as Dr. Bitcover
has indicated, that most tanning agents do introduce cross links, but in most
of these cases the exact location of these and their detailed nature are still
unknown.

Aside from the work of Zahn and|his collaborators in Germany, to which
Dr. Bitcover also referred, on the [demonstration of certain specific cross
links in collagen, I am not aware of lany major effort in this direction in the
case of collagen.

The present work is certainly, tHerefore, to be welcomed as an original
attempt in this direction.

It is now possible to isolate, by chromotography or other process, the
various cross links and single-chain components of native, untanned collagen,
after mild denaturization. It occurs|to me that a similar approach might be
fruitful in the case of tanned materials. I would like to ask Dr. Bitcover
whether consideration has been given to this approach in this case.

Dr. Brrcover: Yes, we are contihuing this study of partial and complete
hydrolysates of epoxy resin-tanned | collagen by chromotography and elec-
trophoresis. We are making progress, but it is a little premature to report the
results.

DRr. HicHBERGER: One further question: I am a little surprised that the
shrinkage temperature of this material is not higher than it is. Do you have
any explanation for that, if all of these cross links are introduced? I believe
you said it was 79°.

Dr. Brrcover: I think Dr. Fildchione has had better results and can
probably tell what shrinkage temperatures have been realized.

Dr. FiracuioNE: You used a ground-up collagen, didn’t you?
Dr. Brrcover: Yes.

Dr. FiLacuioNE: We treat the intact skin and do get shrink temperatures
in the neighborhood of 85°, but maybe the ground-up collagen might suffer
some partial effects due to the increased surface characteristics of the intact
skin.

Your shrink temperature was also determined by the microscopic tech-
nique, while ours was on a specimen such as the Theis Meter uses.
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Dr. Brrcover: The Theis Meter gives a reading 2°-5° higher than the
microscopic measurement. Maybe that is the difference.

Dr. James M. CasseL (National Bureau of Standards, Washington, D.C.):
I thought I heard you say that Dr. Sykes from South Africa had inferred the
cross-linking was with the hydroxyl group of serine and threonine. Wouldn’t
the concentration of these amino acids remain unchanged in your work, if
they cross-link and then hydrolyze?

Dr. Brrcover: Yes, they would decrease only if they formed linkages
stable to the acid hydrolysis. We are not saying these are the only linkages
formed. What we are saying is that these five linkages are very stable link-
ages.

Dr. CassiL: Maybe more stable than some others?
Dr. Brrcover: Yes.

Dr. FiracuioNE: Dr. Sykes didn’t prove those linkages. He just specu-
lated more or less, if I remember correctly. He even postulated linkages
including the carboxyl group. But I don’t think he had any recovery of
amino acids from the hydrolysate.

Dr. Epwarp F. MeLLon (Eastern Utilization Research and Development
Division, Philadelphia, Pa.): In the previous studies, Sykes used acetylation
to cover up the amino and hydroxyl groups and inferred that the drop in the
shrinkage temperature was due to the hydroxyl groups, because he did not
get the drop when he removed only the amino groups by deamination pro-
cedure.

If you deaminate, you are only converting the amino groups to hydroxyl
groups. If the two amino groups are close enough to bridge, and you con-
vert the amino groups to hydroxyl groups, which can also react with the
epoxy resin, these may also form cross links, because the spacing between
them is still correct. We think that is what happens. Sykes still has the
cross bond which he thinks he has removed by his acetylation procedure, and
therefore we think he is just misinterpreting the results that he has.

If the hydroxyl group reacted with the epoxy group, the combination
should be an ether and therefore we should have a decrease in the amount of
serine, threonine, and hydroxyproline recovered. The fact that we did not
get them is an indication that the hydroxyl groups are not forming the ether
linkages. They may be forming other linkages on which we don’t want to
comment further at the present time.
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