






80 THE HARVEY LECTURES 

interesting way.16
• 

17
• 

18 The Streptomyces antibiotics are basic sub
stances belonging to the polysaccharide group and are not appreci
ably soluble in organic solvents. Yet when lauric acid or one of the 
group of substances known as anionic detergents is incorporated 
into a system such as butanol-water, a satisfactory partition can be 
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FIG. 12. Separation of gramicidins by distribution. 

made. Moreover, sufficient selectivity is obtained to permit separa
tion of the various memb'ers of the group. The same approach has 
even permitted separation of the high molecular weight polysul
furic acid ester, heparin, into two biologically active fractions.19 

Here lauryl amine was the active distributing solute. Such substances 
have been called "Carriers" by the Squibb group. Many possibilities 
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with t�e higher molecular weight substances ,are suggested by this 
approach. 

For the past two years we have had the naturally-occurring poly
peptides in the molecular weight range of 2000 to 5000 under 
study. The classes studied have been gramicidin, tyrocidine, grami
cidin-S, bacitracin and more recently, polymyxin. In each case defi
nite separations have been achieved. With increasing numbers of 
transfers Dr. Gregory and I found crystalline gramicidin to give 
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FIG. 13. Separation of tyrocidines by distribution. 

the patterns shown in Figure 12. We now must deal with three 
crystalline gramicidins which differ slightly in their amino acid 
content. All these were found to be present in samples highly puri
fied by fractional crystallization. 

Tyrocidine gave a similar picture,. Figure 13. Tyrocidine was 
known to be a mixture through chromatographic studies.20 I-{ere 
the differences in the amino acid content appear to be more quantita
tive in. nature than qualitative. At least four major components are 
shown. 

Gramicidin-S gave a similar result, as shown in Figure 14. A 
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crude preparation obtained Trom Sharp and Dahme gave the two 
upper patterns at 340 and 5 3 7 transfers. The latter was made on a 
5 gram sample. A sample highly purified by fractional recrystalli
zation and supplied by R.J;,.M. Synge gave the lower pattern. His 
sample contains only about 90% of the major component of the 
crude preparation. Obviously fractional crystallization alone is not 
a very effective method of getting a pure component from this 
class of substance. 
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FIG. 14. Separation of gramicidin-S peptides by distribution. 

Some samples of bacitracin supplied by the Commercial Solvents 
Co. seemed to approach purity in the systems studied. Others could 
be resolved into more than one component as shown in Figure 15. 
Four components are indicated. 

The polymyxin preparation, Figure 16, we have studied so far 
was a crude preparation supplied by the American Cyanamid Co. 
It could be resolved readily into at least six or seven components 
which appeared to contain the same amino acids on hydrolysis and 
paper chromatography. 

For the use of countercurrent distribution in the study of pep-
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tides more closely related to higher animals, one can refer to the 
extremely interesting work of Livermore and du Vigneaud.21 They 
have fractionated the active oxytocic principle from the hormones 
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FIG. 15. Separation of bacitracin peptides by distribution. 

of the posterior lobe of the pituitary. Here the most active prepar
ation thus far isolated was obtained and at the same time, concrete 
evidence for purity was presented even though the substance did 
not crystallize. 

At this stage in the study of peptides the question which is 
foremost would appea� still to be that of "purity." Will a· com-
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ponent purified to the point of a single band with a thousand or 
more transfers in more than one system stilf be a mixture? We can
not answer the question with assurance as yet. We believe we have 
demonstrated a considerable degree of separating power but do not 
yet know how closely related two peptides can be and yet escape 
this type of separation. Structural studies will be needed in this 
connection. 

It will be interesting to try to learn how the peptides we have 
separated thus far differ. Is the difference a slight qualitative one 
with respect to the amino acids? We know thi'.s to be the case with 
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FIG. 16. Separation of polymyxin polypeptides by distribution. 

the gramicidins. Is it also a difference in the order and mode of 
linkage and to steric differences involving optical activity as well 
as to many other possibilities? It would appear that we can now 
begin· to see the possibility of true structural study by partial de
gradation as one approach for the answer to such questions. Chro
matography, ion exchange and countercurrent distribution for this 
purpose are our most promising tools. Each will gain in significance 
by support from the others. 

It seems rather stri�ing that one after the other the polypeptides 
are found to occur in families. These now include the ergot alka
loids, the penicillins, the tyrocidines, the gramicidins, the grami
cidin-S group, the polymyxins and others. Perhaps the enzymes 
which synthesize these substances are not as specific as we once 
thought them to be. 



ISOLATION AND CHARACTERIZATION 85 

Finally, the subject of proteins may be mentioned. We have not 
made an attempt as yet to fractionate �uch substances. Obviously 
it will be a much more difficult task than the peptides and we have 
been trying to consolidate the gains already made with the smaller 
molecular weight substances. 

However, since the polypeptides occur as mixtures so closely 
related one is tempted to extrapolate to the proteins and venture 
the prediction that even the most highly purified proteins are com
plex mixtures of closely related molecular species. 

Before the organic chemist can begin serious structural work 
on such large molecules as proteins, he must be able to degrade 
them to smaller fragments. Degradation to too small a fragment 
such as an amino acid does not reveal much. Large fragments must 
be obtained. But in order to learn how to degrade proteins to large 
fragments we must first be able to separate and characterize them. 

Our work with the peptides has been planned with this objective 
in mind and with the thought previously expressed by others22 that 
the tyrothrycin group in fact do represent large fragments split from 
proteins. Obviously we are now nearly ready for some careful 
studies designed to try to control the splitting of a protein. It would 
not at all be surprising to find that our tools are yet inadequate and 
that a still higher order of separating power is required. This possi
bility, however, should not deter us from the attempt. 

This has been mostly a short review of the work in our labora
tory. It is the work of a group. At present Dr. W. Hausmann, Df. 
E. H. Ahrens, Jr., and Dr. E. Harfenist are collaborating with me. 
However, the work of Dr. J. D. Gregory, Dr. G. T. Barry and Dr. 
Y. Sato as well as previous collaborators should also be mentioned.

BIBLIOGRAPHY 

1. SAAL, R. J.; and VAN DYCK, W. J. D.; World Petroleum Congress, 1st, 
Proc., Roy. Soc. London, 2:352, 1933.

2. CRAIG, L. C.: J. Biol. Chem., 155:519, 1944.
3. CRAIG, L. C.; and POST: Anal. Chem., 21: 500, 1949.
4. CRAIG, L. C.; Fortschr. d. Chem. Forschung, 1 :292, 1949.
5. STEIN, W. H.; and MOORE, S.: /. Biol. Chem., 176:337, 1949. 
6. MARTIN, A. J. P.; and SYNGE, R. L. M.: Biochem. J., 35:1358, 1941. 
7. MOORE, C.; and STEIN, W. H.: /.Biol.Chem., 178:53, 1949. 
8. CoNSDEN, R.; GORDON, A. H.; and MAFTIN, A. J. P.: Biochem .. /., 38:

224, 1944. 

•



• 

86 THE HARVEY LECTURES 

9. CRAIG, L. C.; GoLUMBIC C.; MIGHTON, M.; and TITUS, E.: J. Biol. Chem.,
161 :321, 1945.

10. SATO, Y.; BARRY, G. T.; and CRAIG, L. C.: J. Biot'. Chem., 170:501, 1947.
11. GoLUMBIC, C.; ORCHIN, M.; and WELLER, S.; J. Am. Chem. Soc., 71:2624, 

1949. 
12. FRIED, J.; WHITE, H. L.; and WINTERSTEINER, 0.: /. Am. Chem. Soc., 71:

3260, 1949.
13. TINKER, J. F.; and BROWN, G. B.: J. Biol. Chem., 173:585, 1948. 
14. BARRY, G. T.; SATO, Y.; and CRAIG, L. C.: J. Biol. Chem., 174:221, 1948.
15. HoGEBROOM, G. H.; and BARRY, G. T.: /. Biol. Chem., 176:935, 1948. 
16. TITUS, E. D.; and FRIED J.: /.Biol.Chem., 168:393, 1947.
17. PLAUT, W. E.; and McCORMACK, R. B.: J. Am. Chem. Soc., 71:2264, 1949.
18. O'KEEFFE, A. E.; DOLLIVER, M. A.; and STILLER, E. T.: J. Am. Chem. Soc.,

71 :2452, 1949.
19. O'KEEFFE, A. E.; Russo-ALESI, F. M.; DOLLIVER, M. A.; and STILLER, 

E.T.: J. Am. Chem. Soc., 71:1517, 1949. 
20. SYNGE, R. L. M.; and TISELIUS, A.: Acta chem. Scandinav., 1 :749, 1947. 
21. LIVERMORE, A. H.; and DU VIGNEAUD, V.: J. Biol. Chem., 180:365, 1949. 
22. DUBOS, R. J.; and HOTCHKISS, R. D.: Tr. t} Stud. Coll. Physicians, Phila

delphia, 10: 11, 1942 . 


