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esting to note, have been dlsmvered of dlstmgulshed
since 1910, Dr. Kxober comments that “the doubling
of archeologlcal operative eategories in one working
life-time is a sign of the healthy growth of Peruvian
archeology.”

While much of the text necessarlly is. techniecal and
detalled major problems are also discussed. Perhaps
the most important recent change in regard to Peru-
vian pre-hlstory is that Uhle s concept of an early and
pr1m1t1ve fishing populatmn is no longer accepted.
This eulture, represented by massive. incised pottery
from Ancén and Supe, has been known for many
years Similar pottery, with regional variations, is

' now known at many other sites both on the coast and
in the mountams, mcludmg the famous ruins at
Chavin. Archeologists, by demonstratmg the distri-
bution and. period of this culture, have a new and
valuable tool for determining cultural sequence in
:northern Peru, comparable to the w1despread Tla-
huanaeo and Inca cultures.

Dr Krober has Wntten a clear analys1s of the
famous Paracas culture, which, he divides into " two
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major chronological perlods These he places im-
medlately ‘before and ‘after early aspects of Nasca
art. He has also discussed in detail the stone carv-
ings of :‘Chavin and Sechin, which have been deseribed
by Drs. Bennett and Tallo in recent publications.

In regard to absolute dates of prehistoric culture
in Peru, Dr. Krober is cautious in view of the lack
of specific evidence. For some years it has been eus-
tomary to asecribe early cultures to the early centuries
of the Christian'éra. The author writes, “My only
feeling is that many of the suggested dates have been
put needlessly far back, which: of course is always
more impressive.” The reviewer voices his agreement
with this statement, especially in the light of material
unearthed in Peru in 1943 and 1944. Similar down-
ward revisions of time estimates have been necessary

_in regions where knowledge of absolute chronology

has made great advances, such as the southwestern
United States and the Maya area.
S. K. Lo"rmtbr
PrABoDY MUSEUM,
HAB.VARD UNIVERSITY
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THE DEGRADATION OF CYSTINE PEPTIDES
! 'BY TISSUES: =

' SEVERAL years ago Bergmann, e¢ al., suggested that
amino acids’ might be’ enzymatically degraded while
they are yet in peptide ‘combination, yielding by an
B déhydrogenation ‘the corresponding “dehydropep-
tide.”? - Several types of dehydropeptldes were syn-
thesized, and with the discovery that extracts of swine

kidney could effect the hydrolysis of such peptides the *

possibility that the latter'Were indeed biological inter-
mediates séemed valid.® * The enzyme résponsible for
this hydroly51s was named dehydropeptidase, and it

was shown to be distinet from those peptidases which .

act upon the peptides of the naturally occurring, satu-
rated amino acids, i.e., aminopeptidase, carboxypep-
tidase, ete.  The significant produets’ yielded by the
dction of dehydropeptidase were ammonia and the cor-
responding « keto acid, both derived from the dehydro-
genated amino-acid moiety.®

The concept that amino acids in peptide combina-
tion ¢ould be’enzymatically attacked was a bold and
diseerning stroke on Bergmann’s part, for it suggested

1 Qur interest in the cystine- degradlng system arose
from the fact that although it is found in eertain normal
tissues, it is the: only intracellular enzyme that we have
encountered which appears to be completely absent in
every kind of cancerous tissue studied, c.f., J. P. Green-
stein, Gibson Island Conference on Cancer, 1944

2 M. Bergmann, V. Schmitt and A. Miekeley, Zeits.
physiol. Chem., 187: 264, 1930; M. Bergmann and K.
Grafe, Zeits., physwl Chem 187 187, 1930.

3 M. Bérgmani and H. Schlelch Zeits. physwl Ohem,
205: 65, 1932 and 207: 235, 1932,

that the catabohsm of protems eould begm at the
polypeptlde stage. Bergmann did not commit hlmself
on what the poss1ble natural precursors of the dehy-
dropeptldes could be. We suggest that the peptldes,
of eystine (or cysbeme) serve in this capaclty, yielding
by desulfuration the correspondmg dehydropeptlde,
and our evidence follows.*

There is present in certam mammalian tlssues an
enzyme which rapidly. degrades cystme (aeroblcally or
anaeroblcally) to pyruvm acid, ammonia and hydrogen
sulfide.’ We have found that certaln peptides of
cystine were degraded to the same produets under
similar conditions.® New data on such peptides, their
derivatives and related substances digested with. rat
liver extracts are given in Table 1. The data reveal
(1) that the eystine moiety of the vulnerable peptides
must have either a free amino or a free carboxyl group
(thus be exopeptides), since glutathlone and the dike-
toplperazmes are not attacked; (2) that the sulfur
atom in an otherwise available substrate must be free
since S- benzylcysteme is not attacked; (3) that the
ammonia and pyruvie acld found in dlgests of the
vulnerable peptides such as dichloracetyleystine must
have been evolved from the cystine moiety subsequent
to the rupture of the peptide bond; (4) that eystine

‘4J. P. Greenstein and F. M. Leuthardt, Jour. Nat:
Cancer Inst., 5: no. 3, 1944 (in press). Cystine and
cysteine, free or in- pept1de form, yield identical products,
and to avoid repetition we shall use only the former term.

5 Q. V. Smythe, Jour. Biol. Chem., 142: 387, 1942,

6J. P. Greenstem Jour. Nat. Cancer Inst., 3 491, 1943,
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TABLD 1

AMMONIA AND PYRUVIC ACID DERIVED B‘ROM VABIOUS SUB-
STRATES IN RAT LIVER DIGESTS*

Pyruvie -
Substratet Ammonia N acid
mols x 109 mols x 10¢

Cystinef ...oveviennennnnnnnnnn 11 6
Cysteinef ............... .. 7 7
S-Benzyleysteine ......... 0 0
Cystinyldiglyeinet ... ... A 10 3
(\stm\hluhghunei ...... 11 4-
Diglyverxley 12 6
Dichlorace 10 6
Cystinyley 12 5
Ic -6 4
Bl\lllh\dl‘n(\\l‘lll\l(\\l‘lue ...... 0 0
Anh\(hou stem\lc\qtt\mo ....... 0 0
Glutarhione (oxidized or reduced) 0 0
Alanylglycine ......... 0 0
Glycylalanine ........ 0 0
Chloracetylalanine 0 0
Chloracetyldehydroalanine ...... 19 16
Glycyldehydroalanme .......... 21 19

- * Mixtures incubated for 2 hours at 87° C consisted of 2 c¢

rat liver extraet equnnlent to 600 mgms of tissue plus 1

ce phosphate buffer at pH 7.0 plus 1 cc substrate solution at

25 x 10-% mols concentration. Blanks subtracted from test

readm s6 C(lmcsentratxon of sulfur-containing compounds was
mols

;D«scription of substrates, etc., given in footnote 4.
H:S present.

and its peptides are degraded to a nearl& equal extent
in the same time interval,* and (5) that related pep-

tides such-as alanylglycine, glyeylalanine and chlora-

cetylalanine are not degraded under these conditions.
The products found in digests of the exocystine
peptides are certainly derived subsequent to the hy-
drolysis of the peptide bond. If it is assumed that
these peptidases, using alanylglycine, triglycine and
latter degraded as usual, a puzzling dilemma arises.
To hydrolyze these peptides at the rate required, the
presence of an active aminopeptidase for sueh sub-
strates as cystinyldiglycine, cystinyldidiglycine and
diglycyleystine, and the presence of a correspondingly
active carboxypeptidase for dichloracetyleystine, would
be expected. When however the same liver' extracts
were tested by the usual titrametriec procedures for
these peptldases, using alanylglycine, triglyecine and
chloracetyltyrosine as substrates, no activity at all
could be noted within the two-hour incubation period.
Adherence to the idea that the cystine peptides, as
such, are hydrolyzed would demand the presence in
liver of an aminopeptidase and a carboxypeptidase
inactive toward the classieal substrates for these en-
zymes, and specific for cystine peptides. While this
possibility ean not be arbitrarily denied, we have pre-
ferred to suggest another mechanism.
- It is proposed that the exoeystine peptides are (I)
first desulfuratéd to yield the corresponding «f un-
saturated dehydropeptide (peptide of dehydroalanine)
plus hydrogen sulfide and sulfur, followed by (II) the
hydrolysis of the dehydropeptide to the prineipal
products of pyruvie acid and ammonia. Using di-
chloracetyleystine as the type for all suseeptible eys-
tine peptides, the reactlons may be formulated as
follows:

Vor.-101, No. 2610

(). [CICH,CONHCH (COOH)CH,S - ], .
‘ chhloracetylcystme
—> 2[CICH,CONHC(COOH) = CH,] + H,S+ §
~ Chloracetyldehydroalanine
(IL.) [ClCHZCONIIIIO(COOH) = CH,]

— CICH,COOH + NH, + CH,COCOOH

This concept is hased upon the following lines of
evidence: (a) the failure of S-benzyleysteine to be
degraded suggests the precedence of the desulfuration
reaction; (b) by the use of chloracetyl- and glyeylde-
hydroalanine as substrates we have observed the pres-
ence of a powerful dehydropeptidase in liver (and in
other tissues) which degrades both substrates equally
to pyruvic acid and ammonia (Table 1); (¢) we have
observed that extracts of liver, kidney and pancreas
(from rats, mice, rabbits and guinea pigs) which de-
grade cystine peptides to the products noted also
degrade dehydropeptides to the same produects (ex-
cept sulfur, naturally); whereas extracts of spleen,
brain ‘and musele, as well as all types of cancerous
tissues, from these species, degrade neither kind of
substrate, and (d) the observation by Bergmann and

Schleich® that glycyldehydrophenylalanylglycine was

not degraded by dehydropeptidase indicates that for
enzymatie su§cept1b111ty both cystine peptides and de-
hydropeptides must possess an exo-configuration. In
extracts of liver, kidney and pancreas, the rate at
which the dehydropeptides were hydrolyzed was in
every case much greater than that at which the cystine
peptides were degraded to the same products, suggest-
ing that the desulfuration reaction (I) is the rate-
limiting process in the degradation of the latter sub-
strates. Dialysis of liver extracts for twenty-four
hours against either running tap or distilled water

- results in the complete loss in such extracts of the

capacity to degrade the cystine peptides, although the
capacity to hydrolyze the dehydropeptides is com-
pletely retained. This indicates that the systems re-
sponsible for reactions I and II are separate entities.
As far as we have gone, it would appear that the
capacity to degrade cystine peptides to ammonia and
pyruvic acid and the capaeity to degrade dehydro-
peptides derivable from these cystine peptides to the
same products either oceur together in the same tissue,
or, in another kind of tisswe, do not occur at all.
Digests of active tissues with susceptible cystine pep-
tides do not stop short at reaction I with desulfura-
tion, but in every case where hydrogen sulfide appears
in the digests so also do ammonia and pyruvie acid.
Our findings may be considered to support Berg-
mann’s original coneept of peptide dehydrogenation;
we have simply suggested the possible mechanism
whereby this metabolic step may be effected.” Because
7 The mterestmg observations by B. H. Nicolet, L. A.
Shinn and L.' J. Saidel .(Jour. Biol. Chem., 143 609,
1942), that treatment of silk with alkali leads to the

formation of dehydroalanine at positions in the peptide
c¢hain formerly occupied by serine, raises the question as
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of ‘the stiniefural ‘requiremehts. of thé eystine. peptide
substrates, it is suggested that the enzyme responsible
~ for reaction I be designated “exocystine’ desulfurase.”
It may be that the exocystine desulfurase-dehydropep-
tidase systern is involved in a detoxifieation mechanism.
Free cystine in excess is known to produce hepatie
and renal damage.8 Peptides of eystine are more
soluble than the free amino acid, and it may be ad-
vantageous for the tissues to destroy the ¢ystine while
it is-in suseeptible peptide form before it can acecumu-

late to:the free, largely insoluble and certamly toxie:

armino acid.?-
FLORENCE ‘M. LEUTHARDT
© JESSE P. GREENSTEIN
NATIONAL CANCER INSTITUTE, - R
NaTioNAL INSTITUTE OF HEALTH, : =
BETHESDA, MD ' ‘

THE DIFFUSION CONSTANT OF
PENICILLIN

USING the sintered glass membrane technique, the
diffusion constant of penicillin has been measured over
the pH range 4.0-8.0. To minimize errors due to the
‘decomposition: of the active material, the experiments
‘were -conducted at. 0.5° C.  Preliminary experiments
indicated that at low temperatures the rate of decom-
position of penicillin was not significantly affected by
concentration at pH 7; this fact has been verified for
‘the entire pH range covered. ‘

The diffusion .célls were similar to those described
by Mouquin and Catheart.* ‘They were calibrated
with 2.0M sodium chloride solutions, the value 1:27 em?
per day being taken for the diffusion constant. of this
substance at 25.0°.2 Lederle penicillin (sodium salt,
poteney 250-300 Oxford units per mg) was empldyéd.
At pH 4.0 and 5.0, Na,HPO,-citric acid buffer was
the solvent; for the other- expenments KH,PO,-
Na,HPO, mixtures were. used. The diffusion con-
stants were calculated by means of the equation :
V202

D=ixa .

to whether dehydropeptides might not also be derived
under natural conditions from peptides of serine. This
. possibility must be borne in mind, although there is as
yet no enzymatic evidence relatmg to the possible degra-
dation of serine peptldes ‘We have confirmed Smythe’s
findings that free serine, unlike free cystine, is not- enzy
matjeally attacked in rat liver extracts.s

8'A, C. Curtis and L. H. Newburgh, Arch. Int.' Med.,
39: 828, 1927; D. P. Earle and J. Vlctor, Jour. Exp. Med.,
73: 161 1941 P. Gyorgy and H. Goldblatt Jour. Ewp
Med,, 75 355, 1942,

9 Smce thls communication was submitted for publica-
tion, Dr. Max Bergmann died, untimely, at the height of
his productivity and usefulness. It is my hope that this
brief note may serve, even if inadequately, as a tribute
to the memory of a man who was a great chemist, an un-
assuming -personality and a warmhearted friend.—J.P.G.

1 H. Mouquin and W. H. Catheart, Jour. dmer. Chem.
Soe., 57: 1791, 1935,

Chain.?
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- where 'V, is the voluie’ of ‘the cell compartment into

which diffusion oecurs, K is the cell constant, and C,
and C, are the penicillin concentrations ‘on the “low”
and “high” sides of the membrane, respectively, at
the end of time ¢. For experiments of short duration
(C, < 0.02 C,) this ealeulation gives results nearly
identical with those obtained using the more elaborate
expression derived from the integration of Fick’s first
law. NN . . f . ) .

Penicillin -concentrations : were estimated by a tur-
bidimetric . microbiological - assay procedure, using
Staphylococcus - aureus as the test organism. - This
method will be descrlbed in detail in ‘a subsequent
publication.

The experimental results are summarized in Table 1.
Included are the values of C,; essentially, this figure
represents the econcentration difference across the
membrane throughout the run. :Eaeh value for D
presented is the average of at least two determina-
tions made with different cells. .The average devia-
tion was about 2 per cent. ’ : :

TABLE 1
pH - Ci - Do.se
‘ (Oxford units per ml.)  (Cm? per day)
4.0 50 ;e .0.192
5.0 59 0.165
6.0 46 0.180
7.0 45 0.176
8.0 38 0.178
7.0 608 . 0,163

The change in D observed as the PH is decreased is
probably a reflection"of -the conversion of the salt to
the acid form. Abraham and Chain® have reported
that penicillin appears to be a dibasie acid, character-
ized by “titration constants” of 2.43 and 3.5.

The last value in Table 1 is the-result.of an experi-
ment performed to observe the effect of concentration
upon the diffusion constant. The significance of this
datum as compared with the corresponding one at

lower concentration is uncertain.

" Friedman and ;Carpentert* have demonstrated that
the Stokes-Einstein equation (relating D to molecular
radius) is valid for molecules as small as the hexoses.
Applying this equation to the data at pH 7 results-
in the value 5.37 A for the radius of the penicillin
molecule. Assuming the density to be 1.25, the ealeu-
lated molecular weight is 490. This figure is consis-
tent with the value 510 suggested by Abraham and

Epwarp H. FrRIEDEN
DEPARTMENT OF BIOLOGICAL CHEMISTRY, '
THE UNIVERSITY OF TEXAS SCHOOL OF MEDICINE

2 M. L. Anson and J. H. Northrop, Jour. Gen. Physiol.,
20: 575, 1937.

‘3 E. P Abraham and E. Chain, Brit. Jour. Exp. Path.,
23: 103, 1942,

4 L. Friedman and P. G. Carpenter Jour. Am. Chem.
Soc., 61: 1745, 1939.



