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Introduction. 

Quastel, Stewart, and Tunicliffe in. 1923 (1) were the 

first to present evidence for the existence of gamma-glute 

amyl. peptide linkages in a naturally occuring substance, 

glutathione, which had been isolated from yeast.and demon= 

strated in various animal. tissues by Hopkins in 1921 (2). 

Using: the observation of Dakin (3) that. alpha-amino acids, 

oxidized with hydrogen peroxide in the presence of a trace 

of' iron salt, yield. carboxylic acids with. one. carbon. less 

than. the original compound, Quastel et.al. were able to 

oxidize impure preparations of glutathione with hydrogen. 

peroxide and after acid hydrolysis. to identify succinic 

acid. among the products. This evidence suggested that 

the. glutamie acid. in. glutathione was joined to the tripep- 

tide through its. gamma-carboxyl group leaving its alpha 

amino carboxylic. grouping open. to attack by the oxidizing 

agente. Kendall et al. (4) were able to demonstrate that 

oxidation: of crystalline glutathione with hypobromite or 

Chloramine T did not: disrupt the peptide bonds but. did 

form products. that. yielded. succinic acid on hydrolysis. 

The final proof for the presence of gamma-linkage in gluta= 

thione was offered by Harringtom and Mead (5) who synthe= 

sized. gamma=-glutamylcysteinylglycine and showed that. its 
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properties were identical with those of the crystalline 

peptide. 

Im 1937 Ivanovics and Bruckner (6) isolated and purified 

the capsular substance of Bacillus anthracis and Bacillus: 

subtilis. On: hydrolysis of the material they found only 

glutamic acid, but they were not: able to say that. the protein 

was made up solely of this amino acide They pointed out 

that, if the capsular substance contained only glutamic 

acid, then two isomeric forms are possible depending on. 

whether the alpha-carboxyl or the gamma-carboxyl or both 

are involved in the peptide linkages (Figo l)e 

Bovarnick (7) was able: by comparison of total nitrogen: 

to. glutamic acid nitrogen to show that the capsular sub= 

stance of Bacillus subtilis consisted solely of glutamic 

acid units. Working on the assumption that. racemization 

of the: glutamic acid units in alkaline solution. would not 

occur if a free carboxyl. was situated adjacent to the asy=- 

metric carbon atom (gamma-glutamyl form) Bovarnick allowed. 

purified capsular substance to stand for ten days in alka-= 

line solution. There was no change in optical rotation of 

the solution. over this period =— amino nitrogen. showed only 

a small. increase.- from 10 to 20% = demonstrating that 

significant hydrolysis which would. prevent racemization 
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had not. occurrede Gamma-peptide linkage of the glutamic 

acid was: indicated on this basis. In support of this con— 

clusion, a. biuret test, which is specific for alpha-linked 

units, was. negatives 

Further evidence in support.of a homogenous: composition 

for the capsular substance was: provided when Hanby and 

Rydon (8) converted the glutamic acid obtained from hydrol- 

ysis of Bacillus anthracis hapten to pyrrolidone-carboxylic 

acid and isolated this: product quantitatively by chromato- 

graphy on silica. gel, thus verifying that. the capsular sub= 

stance was composed. solely of glutamic acid units. ‘The 

ready fission. of the: capsular substance by acid indicated 

to these investigators that the glutamic acid residues were 

linked, in part at. least, by linkages which were more sus= 

eeptible to acid hydrolysis than alpha=peptide bonds. They 

noticed that: during Van Slyke amino=nitrogen assays the 

apparent amino nitrogen content of the capsular substance 

increased (the apparent otecumten weight: decreased) with 

increasing reaction time, a finding which. indicated to. the 

authors that in. addition to the free amino group, the cap= 

sular substance also contained gamma-peptide groupings which 

liberated their nitrogen more slowly under Van: Slyke cond= 

itionse. One sample submitted to this procedure (molecular 
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x. 
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Re CO» MH + CH. CH » CH, » GO» NHRt———> 

| 
x 

O=CH e CH, e Ci e COOH 
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Fige 2. Conversion of the alpha=-and gamma-glutamyl _ 
peptides. to the polyhydrazide followed by Curtius degrad- 
ation. Unaltered polypeptide, X=COOH; polymethyl ester, 
X=COOCH,; polyhydrazide, %CO . WH. NH, 3 product of Cur- 
tius depradation, Xe NH, 
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weight. 5000) showed only a slight: increase in amino-nitro- 

gen. with reaction time and they felt that this represented 

a final. degradation. product composed solely of alpha-pept-= 

ide linkage, the gamma-linkages having been hydrolyzed by 

acid during the preparatione 

Kovacs. and Bruckner (9) (Fige 2¢) converted the poly- 

Deglutamic acid of Bacillus subtilis into the polymethyl 

ester. and then into the polyhydrazide. After Curtius deg— 

radation. followed by acid hydrolysis only succinic semi- 

aldehyde (the gamma-linkage rearrangement product) was 

found in the hydrolysate - there was no alpha,gamma=diamino- 

butyric acide This indicated that in mative poly-D-glutamic 

acid gamma-glutamyl bonds predominated. Later, Kovacs, 

Bruckner, and Kovacs (10) subjected alpha-L-polyglutamic 

acid hydrazide to the Curtius procedure and on hydrolysis 

recovered only alpha,gamma=-diaminobutyric acid. Bruckner, 

Kovacs, and Nagy (11) then converted methyl. poly-D-glutamate 

(prepared from the capsule of Bacillus subtilis) into the 

polyamide which was submitted to Hofmann degradations 

After hydrolysis of the rearranged. product only succinic 

semialdehyde was recoverede 

Waley (12) synthesized Poly=(gamma-L-glutamyl)-L-glu- 

tamic acide. Many of its properties: (ege solubility in watez 

ionizatiom constant, infra-red spectra, and reactivity to 

ninhydrin) were similar to those of Bacillus subtilis and 
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Bacillus licheniformis. and differed from those of a synth= 

etic alpha=-linked polypeptidee 

Chibnall,, Rees, and Richards (13) esterified several. 

samples. of poly-glutamic acid from Bacillus subtilis, re= 

duced them with lithium borohydride and analyzed the prod= 

ucts given on subsequent acid hydrolysise Under these con- 

ditions an alpha-linkeé glutamyl unit would be expected 

to yield delta=hydroxy-alpha-aminovaleric: acids 

HOCH, - CH5 - CHy - a — COOH 

ar 

and a gamma=linked glutamyl unit. would yield delta-hydroxy= 

gamma=-aminovaleric acids 

HOCH. - CH -CH. - CH. — COOH 
Pd j Za. a. 

NH, 

Only the latter product. was found, thus affirming the solely 

gamma=linked nature of the capsular substance. A synthetic 

poly-alpha-glutamic acid methyl ester treated in the same 

manner yielded 77.38% of total N as delta~hydroxy-alpha= 

aminovaleric acid and none as the gamma-linked reduction. 

producte 

Since the. work on capsular substance was carried out, 

gamma-glutamyl linkages have been found in several matural 
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substances, a.most interesting example being the presence 

of these bonds in collagen as ascertained by Gallop, Seif— 

ter.et al. (74+}.. 

These investigators noted that the conditions necessary 

to. bring about Hofmann and Curtius rearrangements (refer- 

ences: 9-11), when applied to proteins on a. small scale,, 

require drastic conditions and are often non-quantitativee 

In view of this, they studied the application of the Los— 

sen. rearrangement of the dinitrophenyl derivatives of hy= 

droxamic acids to analysis of carboxyl groups in several 

compounds including a.commercial base processed gelatin 

obtained from pig skin. Gallop et ale felt that the re- 

lative mildness of the conditions employed endowed the 

reactions. with greater specificitye ‘They esterified gela- 

tin with. methanol and acetic anhydride, formed the hydrox= 

amic acid derivative by adding the methyl ester to neutral 

aqueous. hydroxylamine, reacted the hydroxamate with FDNB™ 

at. pH 7.0 and promoted tassen rearrangement of the hydrox-=. 

amate-DNP derivative: by heating at 100° Ce Lor 2: mins. im: 

O.1 N NaOH. After acid hydrolysis the rearrangement products, 

alpha,gamma-diaminobutyric acid in the case of alpha-linkage 

le The abbreviation used is: FDNB, fluorodinitrobenzemes 
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and succinic semialdehyde from gamma-linkage, were isolated 

(Fige 3+)e The presence of succinic semialdehyde was: as- 

certained by forming the 2,4-dinitrophenylhydrazone and 

chromatographing against an authentic sample. Elution of 

the phenylhydrazone from the paper resulted in variable 

recoveries thereby limiting the procedure to a. qualitative 

evaluation. 

The authors note that the conditions of the procedure 

may promote interconversion of the alpha= and gamma=glut- 

amyl. peotide bondse. The esterification procedure was car= 

ried out in the presence of a dehydrating agent which could 

promote imide formation in the gelatin. Further, the gamma- 

glutamyl esters in the protein when undergoing attack by 

hydroxylamine under mild alkaline conditions. might be conver 

ted to imide intermediates. In either case the imide inter- 

mediates: could be cleaved with the formation of gamma in=- 

stead of alpha. peptide bonds (Fige 4e)e Thus the appear- 

ance of succinic semialdehyde in the hydrolysate of the 

rearranged gelatin preparation provided strong but: not. 

absolute evidence of gamma-linkage.e 

From their analysis of the hydrolysates of the pre= and 

post= rearranged gelatin, the authors observed that there 

was. no serious discrepancy between the number of residues 
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eo methanol 20 neutral aqueous: 
Bm Cy wren en eererenH=- >» ER - cf stnhetetenetaieiaaenmmemtatee mee 

OH acetic anhydride “OCH, hydroxylamine 

39 1% FDNB in 10 On” Pe 
=o. meee erm eae mne ate YO C. sees a a 

NHOH ethanol. pH 7.0 NHO=-DNP NO=DINP 

heat heat 
~-=-5 » R-N=C=0 + DNPO™~ ----s= RH + co 

Ho PB) 2 

The: alpna=linked glutamic acid yields alpha,gamma-diamino- 
butyric acid after acid hydrolysis. The gamma-linked glue 
tamic: unit has a somewhat different. fate, for each of these 
peptide: bonds yields. two molecules of ammonia, one from 
hydrolysis of the amine during Lossen rearrangement. and 
another from subsequent. acid hydrolysis of a C-terminal 
amide: fragment, resulting in the appearance of succinic 
semialdehyde as the gamma rearrangement product. 

a 
‘i — Cm — CH, — cH, -— c” ---» IH - = ca = wn 

| oun 2 \NH = R! a sd 2 
- 
if] 

s 

O= CH - CH, — CHp — CO — NER! 

Succinic semialdehyde 

Fige 3« Conversion of the gamma= and alpha= glutamic acid 
residues of gelatin. to the hydroxamate, hydroxamate ester 
and Lossen rearrangement products. 
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Oo HE EF OA E Oo H HEH O 
il | | if | acetic if | i 4 

R-C-N-C-C-N-R  -------- a R-C-N-C-C 
| anhydride | ™ WN = Et 
CH CH / 
“BCH, - C - OH 2 ¢ 

i CHa 1 
@) fe) 

H0 i ij 
Se FE OE eo — on 

i er <a 
CH, 0 &£ 

Fige %e Method of possible interconversion of alpha= and 
gamma-glutamyl. peptide bonds in the presence of a dehydr- 
ating agente 
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of. aspartic acid which. disappeared. during Lossen rearrange-= 

ment (13 residues. per 1000) and the number of molecules 

of diaminopropionic acid which appeared (8.8 residues per 

1000). However, the alpha,gamma-diaminobutyric acid re- 

covered accounted for only 21% of the glutamic residues 

lost during rearrangement. They reasoned that, in the 

absence of theoretical. ucontraindications, if interconver-= 

sion. of alpha= and gamma=bonds: took place, then it should 

occur to an equal extent with both alpna-glutamyl and 

alpha=-aspartyl. linkages. On.the basis of this. reasoning 

they felt that some gamma-glutamyl peptide links existed 

in the original collageno 

Franzblau (15), in order to avoid conditions which could 

promote intermediate imide formation and possible alpha to 

gamma. interchange and also to prevent hydroxylaminolysis 

of the intramolecular ester. cross. linkages (Gallop, Seifter, 

and Meilman (16)), performed a direct conversion by hydroxyi= 

amine hydrochioride of free carboxyl groups to hydroxamic 

acids: by carrying out the reaction in aqueous, mildly acidic 

medium containing l-cyclohexy1—3-(2-morpholinyl-(4+)-ethyl)- 

carbodiimide metho=p-tolueme: sulfonate, a water soluble 

carbodiimde described by Sheehan: and Hlavka (17). Franz- 

blau treated the hydroxamate derivative in the same manner 
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rable. I* 

Products identified after Lossen rearrangement of the di- 

nitrophenyl. hydroxamate derivative of gelatin derived from 

iecthiocol as compared with a suitable control. 

(Expressed as residues per 1000 residues) 

DNP=-Hydroxamate 
Gelatin after 

Compound Control gelatin Rearrangement. Difference: 

Glutamic acid. Tle: 46 oO 25 ot 

alpha, gamma— 
Diaminobutyric 
acid @ red #503 

Succinic 
semialdehyde 0) 2200 422.0 

Ammonia. FE) 7820: $3620 

Aspartic acid. U5 oS. 39-6 —602 

alpha. beta-Di=- 
aminopropionic 
acid 0. yen?) $520 

Dinitrophenol** ee 31.0 $31.0 

* Franzblau, Ope cite, De 76+ 

** Fach mole of dinitrophenylhydroxamate which undergoes 
rearrangement yields one mole of dinitrophenols 
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as: Gallop et.al... except that the dinitrophenyl derivative 

of the hydroxamate was: formed at pH 3.0 instead of pH 70+ 

In: this work the succinic semialdehyde was quantitated along 

with the other rearrangement products and with the amino 

acids obtained after acid hydrolysis of the rearranged 

gelatin (Table I). It is evident from Table I that per 

1000 residues:, 25 residues of glutamic acid were lost with 

rearrangement and 4.3 residues of alpha,gamma-diaminobutyric 

acid were recovered. If we are to assume that the rest of 

the unrecovered glutamic acid, (about. 20 residues), was. 

present.as gamma-linked glutamic acid, then 40 residues of 

ammonia and 20.residues of succinic semialdehyde should be 

found per 1000 residuese. In fact 36 molecules of ammonia 

beyond those present in the control gelatin and 22 molecules 

of succinic semialdehyde were recoverede Therefore Franz=— 

blau coneluded that at least 20 residues of glutamic acid 

per 1000 residues of total. amino acids. in collagem are in. 

gamma-glutamyl linkage. The failure of roughly half of the 

glutamate residues. to be converted to hydroxamates does 

not. affect Franzblau's. quantitative statement; because he 

demonstrated in synthetic polypeptide experiments that the 

unconverted glutamic acid residues were in alpha-linkage. 

This conclusion was further supported by the fact that this 
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investigator had demonstrated the absence of alpha,gamma- 

carboxyl interchange when either alpha= or gamma-polyglut- 

amic acid was. subjected to an identical procedure. Ifa 

similar interpretation is applied to the aspartic acid 

residues then these must necessarily be alpha-linked. 

In addition to the above results, obtained with gelatin 

prepared from icthyocol, Franzblau also carried out the 

same procedure with gelatin derived. from calf=skin: collagen. 

In. this. case,, however, no quantitative estimation: of the 

amount of succinic semialdehyde was carried out, although 

its. presence was verified by chromatography. 

In conjunction with some investigations being conducted 

in this laboratory in which. a chick embryo system is: being 

used. to study the mechanism of formation of hydroxyproline 

from proline.in the process of collagen synthesis, it was 

felt that it would be interesting to employ the same system 

in an investigation of the gamma-glutamyl bond. This dis-— 

sertation will be concermed with the identification and 

measurement. of gamma-linked glutamic acid in chick embryo 

collagen and with the establishment of an.in vivo prepar-= 

ation. in. which: its formation may be studiedo 
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Bovine Achilles tendon collagen was vurchased from the 

Worthington. Biochemical Corp., Freehold, New Jerseys. It 

had been purified by the method of Hinbinder and Schubert 

(15) 

Medium A was. prepared according to Littlefield and Keller 

(19). and contained 0.25 M sucrose, 0.025 M KCl, 0.005 M 

MgClo, and 0.05. M Tris. buffer, pH 76-0 

Sephadex-G=25 was obtained from Pharmacia, Uppsula, Sweden. 

Dowex AG 50W-X8, 200-400 mesh, Hydrogen form, was pur- 

chased from the California Corporation for Biochemical 

Re search, Los Angeles, California. 

Silica gel G. (according to Stahl) was purchased from 

Brinkmann Instruments Ince, Great Neck, New York. 

l-cyclohexyl-3--(2-morpholinyl-(4+)-ethyl1)-carbodiimide 

metho=pxtoluene sulfonate was purchased from the Aldrich 

Chemical. Coe, Milwaukee, Wisconsine This compound will 

be: referred to as WSC throughout the remainder of this 

papere This is: a water-soluble carbodiimide which Franz= 

blau (15) found could promote, in an aqueous, slightly acid- 

ic medium, the direct conversion by hydroxylamine hydro= 

chioride of free carboxyl to hydroxamic acid groupse When 

applied to the gelatin from icthyocol, Franzblau found that 

this: method. resulted in the conversion of 40 to 50% of the 
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free carboxyl groups to hydroxamic acids. in 2 hours. A 

separate experiment. conducted for 19 hours resulted in 

approximately 65% conversion to hydroxamic acid groupSe 

Acethydroxamic acid was prepared by a modification of 

the synthesis of benzohydroxamic acid according to Blatt: 

(20) Separate solutions of 46.7 g. of hydroxylamine hydro- 

chloride in 240 ml of methanol and 56.1 g. of KOH in 140 

mle of methanol were prepared at the boiling point of the 

solvente. Both solutions were cooled to 30-0” Ces. and 

the. alkali solution was added to the hydroxylamine solution. 

in.an.ice bath. This. mixture was:..allowed to stand in an. 

ice bath for 5 mine, and the KCl which formed was filtered 

off on a Buchner funnel. ‘441. g. of ethyl acetate were added 

with stirring and the mixture was allowed to stand at room 

temperature for 6 hourse This solution was evaporated and 

an oil appeared which was neutralized to pH 7.0.with HCl. 

The neutralized oil was dissolved in hot ethyl acetate. 

The hot. solution: was allowed to cool. slowly to be Ce. The 

acethydroxamic acid readily crystallized out on coolinge 

It was them filtered and stored in a dessicator in vacud6. 

The purity of the compound was verified by a. melting point 

determinations 

Succinic semialdehyde-2,4-dinitrophenylhydrazone was 
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prepared by the method of Hendler and Anfinsen (21). 147 

mge Of glutamic acid were dissolved in 10 ml... of warm O-l 

N NaOH. Nitrogen was. bubbled through the solution for a. 

few minutes and 290 mg. of chloramine-T (sodio-p-=toluene=— 

sulfochloramine) were addede The mixture was’ placed in a 

water bath at 50° Ce for 15 mine, cooled in ice, centri- 

fuged and the insoluble p-toluenesulfonamide was discardede 

To the supernatant: solution containing succinic semialde-. 

hyde were added 28 ml. of 026% 2,4-dinitrophenylhydrazine 

in. 2.N HCl. The suspension was. filtered, and. dried in. 

vacuoe Purification. of the compound was carried out by 

dissolving it. in alcohol ait 35° Cay adding water at room 

temperature, and cooling in a dry ice-acetone mixture. 

The succinic semialdehyde-2,4--dinitrophenylhydrazone cry= 

stallized out on. cooling; it was. centrifuged, the: superna— 

tant was: decanted, and the compound dried in vacuo. The 

M.-P. of the prepared sample was 197-199" Gs the reported. 

authentic MePs. is 199-201° Ce 
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Methods. 

Preparation of cell-free enzyme fractions - 15 7-day 

old White Leghorn. chick embryos. weighing Oe? Ze each were 

blended in three fourths of their. volume of Medium A. con- 

taining 10 umoles/ml of mercaptoethanol in a. Servall. Omni-— 

Mix homogenizer for 15 secondse The resulting suspension 

was: soun for 10 ea en ae at 12,500 repem.. ait = G.. in the 

40 rotor of the Spinco Model. L centrifuge. The supernatant 

from this centrifugation was. centrifuged as above for 20 

mine at 15,000 reDeme The supernatant from this second 

centrifugation constituted the S-15 fraction. The S-15 

fraction. was centrifuged for 90. minutes at. 40,000 repeme 

ClO, 32) The. sediment from this S-105 fraction. was homo= 

genized in. 15% of the volume of. the S-105 fraction. of Medium 

A with: added mercaptoethanol. as. per above and this suspen= 

sion constituted eovaneveseran Presei aul To prepare the 

pH 5. enzyme system, the S-105 supernatant was. brought to 

pH 5.2.with 1 N acetic acid, centrifuged for 15 minutes 

at. 20,000 repemMe, and the sediment was taken up in 152... of. 

the S=$105 volume of Medium A with added mercaptoethanole 

Preparation of whole-cell incubations - The chick eggs: 

were: shelled, the embryos..were cut.up with. scissors, and 

minced in a loose-fitting glass. homogenizer at slow speed. 
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with either 2.5 or 3.0 ml of cold. Krebs Ringer's. phosphate 

sobution per gram of tissuee Although a microscopic. ex= 

amination of the resultant suspension was not: made, it was 

felt that this procedure yielded a predominantly whole-cell. 

preparatione 

Incubations were terminated by adding sufficient. cold 

10% or 20% reat to make a final concentration of 5%. In 

the case. of the whole-cell preparations, the incubations 

were mixed thoroughly in a Waring blender (10 - 20 seconds) 

after precipitation of the protein. 

Extraction of the collagen as. gelatin - Collagen was 

separated from cold. TCA-soluble material by washing the 

first precipitate + times with cold 5% TCA. The collagen 

was: then: solubilized in the gelatin form by heating in 5% 

TCA for 70 minutes at 90° c. after the method of Peterkofsky 

and. Udenfriend (22). By this method these. authors, were 

consistently able to remove approximately 85% of the 

hydroxyproline from the precipitate. The hot-TCA extracts were 

extracted 4 times with anhydrous. ether in order to remove: 

the trichloroacetic acid. 

Purification of hot TCA-insoluble protein and deter- 

mination of specific activity -— 4ml of O.4N NaoH and 

1. The abbreviation uséd iss TCA, trichloroacetic acid. 
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O.5 ml of a. solution ef unlabeled. glutamate (10 mg/ml) 

were. added to the hot: TCA-insoluble. proteins: and. the 

solutions were heated. at 60° for 2 minutese 1.0 ml of 

50% TCA was added. to precipitate the proteins and the 

vessels were cooled. in the refrigerator for 15 minutes. 

The vessels were centrifuged and. the precipitated protein: 

was washed two. times. with. 95% ethanol and once with 

ether=ethanol solution (1:3 by volume). The protein. 

was. then heated to 70° c. for 2 minutes, washed once 

with anhydrous. ether and dried. The dried purified 

protein was then dissolved. in 1.0 ml of anhydrous formic 

acid. and the activities. of weighed amounts were determined. 

small molecular weight and a macromolecular fraction - 

The hot-ITCA extracts were evaporated to a volume of 2.0 

ml and placed. on the top of columns. of Sephadex G=-25, 

16 ecm X 1-5 cm, containing 9-3, g dry weight of gel with 

& water regain of 2o4 g Ho0/g dry gele The columns. 

were eluted with 100 ml. 0.2.M ammonium formate. 2 ml 

fractions were. collected and alkaline hydrolysis according: 

to the method. of Hirs, Stein, and Moore (23) was carried 

out. on. each.of the first. 20 fractions eluted. 1.0 ml 

of 2.5 N NaOH was added. to 0613 ml aliquots: of each: 

2.0 mi fraction to be hydrolyzed. The tubes were placed 
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in a.90° C. bath for 2.5 hours, during which time the 
contents, gvaporated. to a volume of about 0.2 to O.4 ml. 

The hydrolyzed. fractions were then analyzed by a modified 

ninhydrin: methed.. After 1.0 ml of 30%(by volume) acetic 

acid was added. ta each. of the cooled. tubes, in order to 

bring the solutions to about pH 5, 0-5 ml of ninhydrin 

reagent: (prepared according to the method. of Moore and. 

Stein (24)) was added. and the tubes were covered and 

placed in a boiling water bath for 15 minutes. After 

cooling, 2e5 ml of Isl. (v#) ethanol-water diluent. were 

added. to each tube and the absorbancy was read at 570 mu 

against an ammomium formate standard. By this. method 

the fractions containing the small. molecular compounds 

were able to be identified. by their respective ninhydrin. 

reactive peakse The macromolecular components. came off 

the columns between about. 11.0 ml and. 16.0 ml. The smaller 

molecules started. to be eluted at between 21.0 and 2.0 

mle The respective pooled macromolecular and small. 

molecular fractions were Lyophilized. The residue was 

dissolved in. 1.0 ml of distilled water, and Oel ml and 

Q.e2 ml samples: were plated. and. counted. 

All. radioactivity was measured. with. a. Nuclear-Chicago: 

Geiger Counter, Model. # 181 Be 

Unless otherwise mentiomed, acid hydrolysis was carried 
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out by making the solution of sample 6 N with respect: to 

HCl and heating in a pressure cooker at. approximately 

15 lbse/sqe ine, for three hours. 

Preparation of the polyhydroxamic acid derivative 

of gelatin - This was. carried out according to the. 

method. employed by Franzblau (15). 350 mg of hydroxylamine 

hydrochloride and 846 mg WSC were added per each. 5.0 ml 

of aqueous gelatin solution. (after evaporation of the 

gelatin. solutions to. convenient volumes). The resultant 

solutions were allowed to stand at room temperature, with 

occasional. stirring, for 2.5 hours in the case of the bovine 

collagen and 2.0 hours in the chick embryo experiments. 

After standing, the protein was precipitated with cold acetone 

(care: must be taken here since as much as one third of the 

collagen may not be precipitated), washed with ether and dried 

in vacuo. The dry hydroxamate derivative was. then weighed 

and dissolved.in varying volumes. of warm distilled water as 

stated. in the reeord of the individual experiments. The 

hydroxamic acid. was: either assayed by the procedure described 

at: the end. of the methods: section of this paper or its 

presence was. verified by placing a. drop of the aqueous 

hydroxamate. solution on a.small quantity of ferric chloride: 

in a test. tube and observing the evolution of a wine-red 

color (the red reaction is specific for hydroxamic. acid. 
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groups since. hydroxylamine. itself does not: yield. color). 

Dinitrophenylation and. Lossen rearrangement of the 

gelatin polyhydroxamate derivative. -— The method employed. 

was. that. of Seifter, Gallop at al (25) as. modified. by 

Franzblau. (15). The pH of the aqueous: hydroxamate solu 

tion was adjusted. to 8.0. with NaOH and an equal volume 

of 1% FDNB (v/v) in ethanol was added with constant. 

stirring by means of a magnetic bare The pH of the 

mixture was measured with a pH meter and. the reaction 

was maintained at pH 6.0 by constant: thtration with 

NaOH, until. the pH was. stable (approximately 5.0 minutes). 

The: solution containing the: hydroxamate=DINP derivative 

was extracted twice with anhydrous @ther and onee with 

petroleum ether in order to extract the excess: fluoro— 

dinitrobenzene. The extracted solution was made Oel N 

with respect. to NaOH and. heated for 2 minutes at T00° c. 

to promote Lossen rearrangement. 

Formation and extraction of the 2,4-dinitrophenyl= 

hydrazone: derivatives - To either one: half or all.of the 

hydrolysate an equal. volume of 0.8% 2,l-dinitrophenyl- 

hydrazine in.2.N HCl was added , and the resulting solution 

containing the 2,4-dinitrophenylhydrazones was. evaporated 

to a convenient. volume in a flash evaporator (the 

temperature of the evaporating bath was kept. below 
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35° Ce)e The concentrated. solution was: extracted 2° 

or 3 times witno ethyl acetate and. the extracts were 

combined. The ethyl acetate solution was extracted 

with Q-l M borate buffer, pH 9-03 until at least. 2 extract- 

ions had been performed with the resulting borate solution 

being basic. as. tested by pH papere The borate solutions 

were pooled and. acidified with 2 N HCl and extracted into 

ethyl acetate. Where mentioned, this. final ethyl acetate 

extract was further purified. by electrophoresing a 

known volume off. Whatman. 3 MM paper with a sample of the 

standard succinic semialdehyde-2,4-dinitrophenylhydrazone 

at pH 8.6 in sodium barbital buffer (5 g sodium barbital, 

325g sodium acetate trihydrate, and 34.2 ml of Oel N 

HCl brought to 1 liter with distilled water) at 1200 v 

across. 59 em for approximately 2 hourse The band correspond 

ing to the: marker was: completely eluted with a known volume 

of Ol M borate buffer (pH 920). | 

Thin layer chromatography - It was. found that paper 

chromatography as. employed. by both Gallop (1'+) and 

Franzblau (15) was totally inadequate in this work,, as 

both the bovine and the avian. experiments yielded several 

2,4-dinitrophenylhydrazone derivatives which acted similarly 

on electrophoresis and.one of these also migrated. very close 

to the: un#nown on chromatographye After trying without 

success several methods of paper chromatography with a 
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great. variety of solvents. recommended. for separation of 

2,4-dinitrophenylhydrazone derivatives, it was found. that 

a high degree of pesolution with excellent separation of the 

components was attained by thin layer chromatography with 

silica gel. The 2,4-dinitrophenylhydrazones were: developed. 

by spraying with alcoholic KOH (3.5 ml 15 N KOH to 20 ml 

with ethanol). Glass plates were spread with Silica gel 

G, O.5 mm in thickness, by conventional methods. These 

were: allowed to stand. at room temperature for a few minutes: 

and. then dried in an.oven at 110° c.. The samples to be 

chromatographed were extracted from the borate buffer into the 

ethyl acetate as: described above and a measured volume of the 

ethyl. acetate was. placed on the silica covered: glass plates 

in a. connected. series. of very small. drops thus forming a 

line. Although it may not be necessary, the chromatograms 

were run in the dark. The solvent used for separation wap 

tertiary amyl alcohol-ethanol-water (5:1:4, top layer). ‘The 

band corresponding to succinic semialdehyde~-2,4-dinitrophenyl— 

hydrazone was: seraped off the plate into a test tube and eluted: 

into a.known volume of O-l M borate buffer, pH 920.1 Part 

I. It is interesting to note that in order to extract. the 
succinic semialdehyde-2,4-dinitrophenylhydrazone from the 
silica. gel with ethyl acetate, a.drop of HCl must. be added, 
a fact that. suggests. that, for an unknown reason, the 
earboxyl. group is converted from the acid to the salt form 
during the process: of chromatographye In any case, complete 
elution is readily attained with the borate buffer. 



re 

: 
- ' “i i Pe } 

fo moidsvsqe2 “ct Debnemmaped adonovites ko Yelrey testy 

wit bust caw SL  .wevidevirob ertoxsubydinnedqord Latha! oS 

o noidereqse tuelieome ntiw aetinioess to .eetgeb Agigue 

iSiy vuiceogandsmonds seyst niny vd Senisdde .esw 21 denogmps 

.Loveab etew esncssthy diysedqotd inthis edt «Les sollte 

-~ 

Oe o¢ gud & ¢£ to 2.6) HOd oilerests Ad iw palyssge yd 

tow wotiin cjiw .bestce etew aptalq ezalo «(Lomeddte@ atiw 

apo e2co leon Lang fo RaveEReD yd penonototad ak ete) Cad ev 

(yok) wet 2 tor esvussegqued moot ts baste o¢ bowelle -etew 

od nollenwe ent ..0 “Off Js newo de ni beied nerd hos 

“eyiue ogevod di sort betostime etew Ssdasrsotenoide 

onuloy betuese. s bos oeveds beditossb es eietaos Luite 

2enis pousveo sotiie sdi no besslq eew. otetens Ivdie 

~“pimgo® ails eqorh Lisme vurow ho ieeiesse betoanmeos ot 

otgaiercouto ard .Ytseesoon od som yeu Ji dgwedtiA sonit 

woluowsese 101 been Inevice sal .dteb ond oi aun ietew 

eCrogal G0 Pris) radew-Lorcendte-fodeols Jyes yoatined 

ous Lith, S-sbylabir inte ointeove od poibaeqasritos basd 

siq off Lto beaswoe eeaw onosstbyd 

o eves UG ,do vind clevod wv tyO Yo sounlov owen 6 ovat 

.aBtIxS ad BAIL At thes (eden oy noifivastetdat ef tt .f 
ft 5 or ‘> 2 © . {" Hie STOLL of .caspydlyaedcond J Lt +3 nabydebisinee olotoons 

i Jevur LOH ‘io woth g: ee isle iiily Les. aatite a e LS 

‘J gfDeBet Mrofuuw os fo. Sous adaeggaa das Ad dost os 
Meee CNS OF Bi Sg onl fos Spemerminkd @l quorty Iyxedmas 

pSGeO Wooo OL euricengodaneulo ‘to agesorg odd petaich 
eivacee eagniad orig da bw Bs Mistia. yLbbset ail aotinte 



(27) 

of this: solution was. assayed and part extracted into 

ethyl acetate and. chromatographed with a sample of the 

authentic suecinic semialdehyde=2,4-dinitrophenylhydrazone 

(the: authentic sample Aad also been purified by chromatog= 

raphy in. the tertiary amyl. alcohol-ethanol-water system, 

eluted into borate solution, and extracted with ethyl 

acetate. prior to its. use as a standard marker) in the 

tertiary amyl alcohol-ethanol-water (5:I:4) solvent and 

also in a solvent. of normal. butanol. saturated with water. 

In placing the experimental solution on the origin of the 

chromatogram, a line 3,cm long was madee fhe authentic marker 

was: then placed. in a@.similar series. of dots. forming a line 

3 em in length such that. 1-5 em of the marker was. superimposed 

on the terminal 1.5 em of the experimental. line and 1.5 em 

was free. Failure of the experimental sample to separate 

from the standard compound in two solvent systems was 

accepted. as proof of identity. 

phase: remaining after extraction of the hydrolysate with 

ethyl acetete was. evaporated to a volume of two ml and 

placed on top of a 20 ml column containing Dowex 50-8X (H*). 

The column was: rinsed with 80 to 100 ml of distilled water 

and the amino acids. were eluted with 50 ml of 2 N NH,OH. 

The eluate was evaporated to 5.0 ml and known volumes 
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were placed on Whatman 3. MM paper and. electrophoresed 

in pH 6.0 pyridine acetate buffer (100 ml pyridine 

and. 10 ml glacial acetic acid brought to 1 liter with 

distilled water) at 3000 volts aeross 47 em for 1. hour 

15 minutes. Alpha,gamma-diaminobutyric acid was identified 

by its similar migration to a marker: of the: commercially 

prepared compound and by its characteristic red-browm 

staining reaction when the experimental marker section 

of the paper was sprayed with Oe5% ninhydrin in acetone 

The area. identified as alpha,gamma=diaminobutyric acid 

and those of the other amino acids. desired were cut out 

and. eluted from the electrophorogram with known volumes: 

of water. These solutions were then assayed, and, when 

pertinent, their radioactivity was assesed. 

Assay procedures. — Hydroxamic acid assay was carried 

out according to the ferric perchlorate method of Seifter, 

Gallop etal (25). ‘The solution (1 m1) containing 0.2 

to 2.0 umoles: of hydroxamic acid was mixed with 2 m1 of 

ferric perchlorate reagent. (prepared by dissolving 

O-8 g of pure iron wire in 10 ml of warm 60 % perchloric 

acid and bringing the solution to 100 ml with ethanol) 

diluted. 13:1 with distilled. water. M&fter 9 minutes it was 

read.at. 505 mi against a. reagent blank. A standard. curve 

was: simultaneously prepared from a.sitandard (2 pmoles/ml1) 



b 

, 
| 

pds, “ 

x Fy F A Lay i 

(oS) 
| Da 

eaotongeisosle bas teqaq UM € dsmhe oo ) benalle taduinvd 
- ~ 

istind absicas ortbiryy 043 Hg. od te eee 
oribisryg fa 

4iw tedif L od diguodd btes sideos Isiosla im OL bas 

Sfov OUCS de (sedsw belliderh 
mn 4 

-ijrebl eav bios olaysudonins ~ SH ¢ Selg.LA e2ed UAL qt 

viisioigmioag ade Te Teattsa 5 t ntoliergia vetinmie add yd 

quotd-hey olde iiss oktels adi vd bas Sawegmas bersgotg 

avijeea govman Lei nenkvegm sds hecke sobhaset Qn tate 

st 198 ip oydein RleO dite beysiGe ssw Tecag ens to. 

ise olovyndontausib-suuss, scdals os be itijnebl cots edit 

-j0 doo ovew. Beutesh ebhtes onius reddo edd to .eaeds bas 

gocnftoy pwoow didi mataotongotiaele. end mast bed wis ‘bos 

Eiht gle OSX SERS } etow enotivics seed setsw ‘to 

sLesceas ssw Yivisesofthes aledd ,Jdaontiteg 

pee ney “sees Htoo olusxoaby! ~ gesubegoss waned 

i°ts@ io ferdea evsueldoteq olvaet edt od gatbosas go 

ee ft tenon {£0 £) nokrutog off (tS) Is to qelisn 

ti tne © xia ecw bias aiameotbyr! to ealoum 0.S ag 

jhivicar th 4g hersoomg) dseagsei, edetolie seq oiviet 

gorwsg ° oO: mney to fo OL of ottiow oak arson to 3 840 

fcoaige cok. tm COL -7 noldwiee sdt snientiead bos Dios 

L accsunain st TAF eiediow betLlidce ty rdw I2f bed ud hb 

Tho Poowtigse A «tine td JMOQZSOL © JALLEES we C08 ta.baer 

Low s) wtebiste 2 morl Psmaqosyr viavoornsd fomte 2esw 



ce?) 

solution of acethydroxamic acid. This.method measures 

only hydroxamic. acids and. gives. no color from hydroxyl- 

amine. Optical. density readings were performed with a@ 

Zeiss: Spectrophotometer. 

Glutamic: acid. and. alpha,gamma-diaminobutyric acid 

were measured. by a modified ninhydrin procedure as follows: 

Preparation of Ninhdrin reagent; 40 mg of SnClo were 

dissolved in 25.0 ml pH 5.0 acetate: buffer and 0.6672 

of ninhydrin were dissolved in. 25.0 ml of methyl cellosolve 

(monomethyl ether of ethylene glycol). Just. before the 

assay 8.3, ml of the Snel, solution were mixed with all. 

of the: ninhydrin: solution. Assay: to 0.5 ml samples, 

O.5 mi. pH 5.0 acetate: buffer and.1.0 ml ninhydrin. reagent 

were added in test: tubes: which Bad. been ringed several times 

with distilled water and dried. The solutions were mixed 

well, the test tubes. were capped with glass. marbles and. they 

were placed in a covered boiling water bath for 15 minutese 

At the end of this. period. they were cooled. to room temperature 

in ice water and the volume was brought to 5.0 ml with 95% 

ethanoiis The solutions were mixed well and the OD. was 

read at 570 my against. a reagent blank. Standard curves 

(0.05-0.50 pmoles) of glutamic acid and alpha,gamma= 

diaminobutyric acid were carried out each time the assay 

was: donee. 
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Hydroxyproline was: measured according to the. method of 

Newman & Logan (26) as: modified by Leach (27) at: 1/10 vol- 

umée To the sample brought: to O.l ml with water was added. 

Oe. ml of 265 N NaOH. The tubes were placed in a 40° ce 

water bath, and when. the contents of the tubes reached Fol 

Gs. CES minutes), Ol ml of 6% H,05 was added. and the sol 

ution was. mixed. After another 10 minutes in the bath, the 

solutions were cooled and 0.4 ml of 3. N H5S0, and. 0.2 ml of 

5% pedimethylaminobenzaldehyde: in n=propanol were added. 

The tubes were placed inia 70° Ce bath for 20 minutes, cooled. 

and. the 0.De. was read at: 555 mye Three different concentra- 

tions. of each unknown solution were assayed and a standard 

curve: (0-01. — 0.05 pmoles) was constructed with each. assaye 

Proline was: measured by the method of Chimard (28). 

To 1.0 ml of the sample to be assayed, 1.0 ml. of. glacial 

acetic acid and. 1.0 ml of ninhydrin reagent were added 

(each ml of reagent. contained 0. ml. of 6 WH,P0, and 0.6 

ml of glacial acetic acid; 25 mg of ninhydrin were added 

per ml of this acid mixture and the mixture was heated to 

about 70° Ge to insure solution of the ninhydrin). The 

tubes were capped and heated at. 100° Ce. for. 1 hour,. after 

which time: they were: cooled to room temperature, and brought 

to a. volume of. 5.0: ml with glacial acetic acide The OeDe 

was read. at: 515 my against a reagent blank. A. standard 
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curve (0.02-0.2 pmoles) was.constructed and 3 different. 

concentrations: of each unknown. solution were assayede. 

Suecinic semialdehyde. was: assayed according to the pro= 

cedure described by Waelsch (29)-« The solution to be as- 

sayed was: brought. to 5.0. ml in borate buffer pH 9.0, and. 

mixed with 2.ml of alcoholic KOH (3-5 ml of 15 -N KOH made 

to 20. ml. with absolute. ethanol).. After mixing the tube 

was. placed in a water bath a Exactly 2. minutes 

after addition of the alkali the absorbaney was measured. 

at: 420 mai against. a. blank. containing 5 ml. of borate buffer 

and. 2..ml. of alcoholic KOH. A standard curve was simultan— 

eously prepared from a. standard solution. (O-1 pmoles/m1) 

of the authentic compound in borate. buffer. 
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Results. 

Ie Incorporation of of utente acid into the collagen. 

containing hot trichloroacetic acid-extractable fraction 

by a. cell-free system from 7-day chick. embryos. 

Cell-free enzyme: fractions. were prepared from 15 7-day 

old. White Leghorn chick embryos and. incubated as described 

in Table II. The incubations were terminated. by precip= 

itating the protein with coid TCA. The precipitated protein 

was. then. washed, 20 mmoles of unlabeled glutamic acid car=. 

rier’ were added to each vessel, and the protein was extracte 

ed for 80 minutes with hot TCA. The hot. TCA-extracts were 

extracted with ether, and. their radioactivity was. measurede 

That. protein which was not: soluble in hot TCA was purified 

and a.determination of its. specific activity wes madeo 

The gelatin-containing hot. TCA-extracts were separated into 

small. molecular weight and. macromolecular fractions, and 

the. radioactivity of each was: determined (Table III). 

From the: data. presented in Table IT it. is evident that: 

the: cell-free 7-day old chick embryo incubation using a. 

pH 5 precipitated enzyme system in conjunction with the 

microsomal. fraction, incorporated ce eTutamic acid into 

the collagen-containing hot. TCA-extractable protein fractione 

The: amount: of incorporation, however, was small. The spec- 
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Table: IL 

All. ineubations, contained in a final volume of 6.0 ml: 
0230 ml. Tris: buffer 1.0 M, pH 7-73 Osl2.ml ATP, 50 ypmoles/ml1; 
0.12 ml. magnesium acetate O23 Ms 0.63 ml KCl, 1.0 Ms O12 ml 
GTP, 2.5 pmoles/ml; 0.24 ml. glutathione, 200 pmoles/ml; 0.33 
ml. sodium phosphoenolpyruvate, 100 pmoles/mls; 0.12 ml. pyruvate. 
kinase, 1. mg/ml; O12 ml.ascorbic. acid, 50 pmoles/m1l; 0.15 mL 
cysteine, 2. pmoles/m1l; 0.30 ml. amino acid mixtures; containing- 
L=proline, argenine, lysine, threonine, serine, leucine, 
phenylalanine, methionine, valine, asparagine, aspartic acid 
isoleucine, histidine, tryptophan, alanine, tyrosine, qd gly= 
cine: at: a concentration of 1.0 mmole/ml. 6.50 ml. of C= 
glutamic acid. (26pe/pmole, 2.24 X 10° epm/ml) was added: to 
vessels 1 and2. b@fore incubation and. to vessel 3 after pre- 
cipitation of the protein. 

The incubation was. carried out at. 38° @ for 90 minutese 

Specific 
Total activity 
activity of of non- 
collagenous: collagenous 

Vessel. # Contents protein protein 

pH 5 Microsome. S15 
fraction fraction fraction: 

L  .20mL 1-80ml na 1290 100 
(pH 5) 

2: = Te80m1 1.20mi. 781 36 
(S=15) 

3 1e20ml 1,-80m1. ~ 693 32 
(pH 5 

control) 
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Macromolecular Small moleevlar 
Fraction activit: activity | 

pH 5 & Microsomes | 59 219 

S=-1L5 & Microsomes: 10 118 

pH 5 control. Background 119 



“ 

me Rd ew eesti eaerdeghanet pynemnncuannesl ime 4 46h ee en date ae oe ney anal Pe ee ee Tala iorepasshurpacboeaesk a te tennant etic 

pe <a 

. 

par oe Te et 
T du k aac t ; 
ee he the Nhe Neenaersay i al 

oelom bene Big on tome loooseuth eat. oh Nis 

sii 2 * = 2.55 ™ =P
 2 Bane ue ah ig ae a . ee ees Ppa, et

e ag \ zh: x 

ba 3 + 

e5 Call Sst ae ati reuinet 

=~ even * star - . 

CAND a fe was. ees i 

ers en ae euceoteih 42 Ha 

SEE » atte E seieieicen H Claw 

Cis. bavsowpdto ad | Torwaco t Hq 



(35) 

ific activities. of the non-collagenous protein. fraction 

verify the fact. that the extent. of incorporation. was not 

impressive. Due to the low incorporation of the system, 

it. was decided. to employ whole-cell systems from minces 

of embryos in the future. 

Only a. fraction (about. 20%) of the: total hot. TCA extract: 

radioactivity was recovered after Sephadex fractionation. 

(Table III). Much of the activity recovered was present. 

in the. small molecular: fractions, but. there was some incor= 

poration into macromolecular: protein. (ege. collagen). Im 

a larger ineubation employing or aitemiic acid of: a higher 

specific activity it is expected that.a. greater incorpora=. 

tion. into the macromolecular fraction would take place. 

IIe Evidence for the presence of gamma-clutamyl bonds 

in’ a commercially prepared collagen obtained from bovine 

Achilles tendon. 

For the purpose of testing the rearrangement procedure: 

and the: methods:.of recovery of. the rearrangement. products, 

it: was: decided to submit: some commercially prepared. coll- 

agen. to the various manipulations that will be employed 

with: the: chick embryo. gelatine 

2e0 g of bovine Achilles. tendon. collagen. were suspended 

im 50 ml of distilled water and autoclaved at 125° c. for 
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3 hourse As.some tissue. remained at the: end of this pro= 

cedure, 20. additional ml of distilled water were added 

to: the above: solution and it was. heated again under the 

same conditionse The solution was cooled, centrifuged, 

and. the: gelatin=containing supernatant was: decanted. One 

half of’ the: gelatin solution was hydrolyzed and served 

as the unrearrangeé control. The other half of the gel 

atin. solution. was. evaporated to 5.0 ml and the polyhydrox-=. 

amate.derivative was. formed. The dry gelatin hydroxamate 

weighed 949.2. mg and was. dissolved in.62.5 ml of warm dis- 

tilled water. There were 781 pmoles of hydroxamic acid 

in the solution submitted to Lossen rearrangement. The 

polyhydroxamate=DNP derivative was formed, the rearrange= 

ment: was: promoted by heating at. alkaline pH, and the sol- 

ution. was hydrolyzed. 

The hydrolysates: of both the rearranged and the unre= 

arranged gelatins were divided into two equal parts. One 

half of each hydrolysate was. evaporated to 10 ml, 1.0 ml. 

of this: volume. was. electrophoresed at. pH 6.0 without. pre-=- 

vious: desalting, and glutamic acid, alpha,gamma-diamino= 

butyric acid. and. hydroxyproline were eluted and assayede 

An equal volume of 0.8% 2,4-dinitrophenylhydrazine in 2 

NW HCl was: added. to the: other half of each hydrolysate and 

the: 2,4-dinitrophenylhydrazone: derivatives were extracted 
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Analysis of. some: of. the: 

dinitrophenylhydroxamate. derivative of. 

Table: 

(37) 

lq 

celatin derived 

from bovine. Achilles. tendon as. compared. with an: unrearran-. 

ged. control gelatine 

(Expressed as total number of pmoles: recovered) 

Rearranged values 
adjusted to 
hydroxyproline 
recovered from 

Compound. Rearranged Control Control 

Hydroxy proline L67 676. 676 

Glutamic. acid. 28'- 612 LAL 

alpha,gamma~ 
diaminobutyric 
acid. I3e0L 0) 19 

Succinic. semi— 
aldehyde 1529. leg lt 23 

Difference 

$19 

#19 
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with. ethyl acetate. A.portion of the final ethyl acetate 

solution. after extraction. with borate buffer was chroma-. 

tographed andthe succinic semialdehyde-2,4-dinitrophenyl-. 

hydrazone was: identified and assayed. Im this case the above 

compound was. eluted from the silica gel in 2.0 ml of ethyl 

acetate to which had been added a drop of’ 2 N HCl. 

It. may be seen from Table IV that. some. succinic semialde- 

hyde was: present. in the hydrolyzed gelatin that had. not. 

been rearrangede. The.loss.of glutamic acid in the rearr= 

anged as. compared to. the unrearranged control is not acc- 

ounted for by the. appearance of an equivalent quantity 

of glutamic acid rearrangement products in the rearranged 

gelatine Because of this. discrepancy no quantitative 

statements. concerning the amount of gamma=-Linked glutamic 

acid present in the bovine Achilles tendon collagen can 

be madee It is evident. that Lossen rearrangement of 

glutamic acid units took place, as. witnessed by the: ap=— 

pearance of alpha,gamma-diaminobutyric acid (the alpha= 

linked rearrangement: product) in the rearranged gelatin 

and not in the unrearranged control. The rearranged 

gelatin also yielded 5-2 times.as much succinic semialde- 

hyde (the gamma=linked rearrangement: product) as was en= 

dogenously present in the controle 
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IIIe The application of the Lossen rearrangement to 

the: hot. TCA-extractable protein derived from 14 day 

old chick embryos after incubation with cl *c1utemate. 

It. was decided to do an isotopic experiment with a 14 

day old chick whole-cell preparation in order to see if 

the. gamma=linked rearrangement. product could be. isolated 

from this age embryo, and also to see if’ the preparation: 

would. incorporate: radioactivity into gamma-linked glutamyl 

units. As this. experiment.was. designed as a. quick pilot 

experiment. to indicate where future investigation should 

be: focused, neither a.rearrangement control nor a radio- 

activity incorporatiom control. was. included. 

A whole-cell incubation was prepared by homogenizing 

20 I day old. White Leghorn: chick embryos weighing approx 

imately 929 g each with 2.5 ml of Krebs. Ringer's phosphate 

solution: per gram of tissue... To the resulting suspension 

were: added 1.2 ml. of a solution of oF -zlutamic acid (3.8 
6 

Ty 

X 10° cpm/ml, 205 peuries/pmole) and. 0.9 ml of a solution 

of C “=glutamic acid (3 x 10° cpm/nl, 170. peuries/jpmole), 

the. total activity being equivalent: to ll. peuries. This 

whole-cell suspension: was. incubated at 37° GC... for 15 

hours. with. constant agitation. After precipitation, the 

protein was. washed with cold TCA and extracted into hot 

TChe The gelatin-containing solution. was: dialyzed against. 

distilled water at 4° c. for 3. hours with one change in 
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the external phase midway in the dialysis. The total 

radioactivity of the hot TCA extract decreased from 

13,000 epm before dialysis to 8,500 cpm after dialysis. 

The dialyzed solution: was.evaporated to 10. ml and 

the: polyhydroxamate derivative was. prepared as befores 

The dry hydroxamate weighing 1.0590 ¢ was dissolved in 20 

ml. of warm distilled water (ferric chloride test. was 

positive for hydroxamic acid), and the polyhydroxamate-DNP 

derivative: was: formede A fine yellow gelatin-hydroxamate= 

DNP precipitate formed while the FDNB was being added to 

the hydroxamate solutione. Franzblau noted that this occ- 

assionally happened when the pH was not: well titrated, and 

that this: precipitation: limited the extent of the dinitro-= 

phenylation of the hydroxamate. During the extraction of 

the excess FDNB with anhydrous. ether, a laboratory accident 

occurred which resulted in the loss of much. of. the gelatin= 

DNP derivatives. An attempt to extract the recovered material. 

with petroleum ether was abandoned because a difficult 

emulsion formed. NadH was added to the solution and Lossen. 

rearrangement was. promoted by heating - the gelatin went 

back into solution. on heating. The rearranged. solution. 

was: evaporated to a volume of 20 ml, made 6 N with respect 

to. HCL and hydrolyzed at 110° G. for 16 hours in. vacude. 
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Table: V 

A partial analysis of the pertinent products. obtained 

from the Lossen. rearrangement: of the hydroxamate=DNP 

derivative of gelatin of 14+ da 

Compound Total yield Total activity 

Glutamic acid not assayed 195 

Hydroxy proline: 138-5: not counted 

aloha,gamma=diamino 
butyric acid not assayed 109 

Succinic semialdehyde 335 re) 
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The hydrolysate. was filtered and the 2,4-dinitrophenyl— 

hydrazone derivative. was prepared from the entire hydrolysate. 

The: resulting solution was evaporated to a. convenient: volume 

for extraction, and the 2,4-dinitrophenylhydrazones were 

extracted in. ethyl acetate. This solution was re-extracted 

and chromatographed in the usual mannere The presence 

of succinic semialdehyde was verified in both the tertiary 

amyl alcohol. - ethanol - water and in the water saturated 

butanol solvents... The compound was. assayed and its 

radioactivity was determinede A known volume of 

hydrolysate remaining after extraction was. electrophoresed 

at. pH 6.0, the hydroxyproline was eluted and assayed, and 

the glutamic acid was. eluted and its radioactivity deter= 

minede The resolution in the area of the electrophorogram 

containing the dibasic amino acids: was poor, probably 

because of the presence of a large amount of salte 

Therefore the remainder of the sample which had not beer 

electrophoresed was desalted and thenelectrophoresed at pH 

6eO4. A small. amount of alpha,gamma-diaminobutyric acid 

was. identified, eluted, and its radioactivity determined. 

In. this: experiment: succinic semialdehyde was isolated 

and identified. However, in. the absence of an unrearranged 

control,, one cannot. state, at this juncture, that the gamma- 
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linkage must necessarily exist in. gelatin derived from the 

chick embryo. 

It is interesting to note from Table V that there was 

radioactivity present in the alpha,gamma-diaminobutyric 

acid and that none existed in the succinic semialdehyde. 

If the counts in alpha,gamma-diaminobutyric acid represent 

incorporation and if this succinic semialdehyde originated 

as a result of Lossen rearrangement of gamma-glutamyl 

bonds in gelatin, there appear to be threepossible explan- 

ations. for the absence of radioactivity from the succinic 

semialdehydee First, this succinic semialdehyde might 

come from collagen already present. in the embryos and not 

from newly synthesized collagen. However, this system is 

known to synthesize collagen actively, as Lukens (30) has 

found that a. l4-day whole-cell. system from chick bape 

will. incorporate labeled proline into hydroxyproline. As 

hydroxyproline, for all practical. purposes. in this instance, 

is only present in. collagen, this. incorporation serves as 

a.proof of collagen. synthesise. The second explanation 

that. must be considered is. that there is a delay between. 

the incorporation of ee iutemete into alpha-linkage and 

its incorporation: into gamma-linkage, such that a measure= 

able: amount. of activity is.not.incorporated into the gamma 
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rearrangement. product during the period. of the incubatione 

This possibility will. be discussed later. The third explan- 

ation is. that the diaminobutyric acid may have been: derived 

from. non-collagenous protein, and. the collagen may not be 

highly enough. labeled. 

The: low activity presented in Table V for glutamic acid 

in relation to that of alpha,gamma-diaminobutyric acid may 

be due, in part, to the fact that all of the glutamic acid 

was plated for counting and that the Satie on wae not. de= 

salted before electrophoresis, as was the: alpha,gamma-di- 

aminobutyric acid sample. Béth of these factors would tend 

to increase self-absorptions As, most.of the gelatin=-nydrox-= 

amate-DNP derivative was lost, these values represent only 

a small amount of the total activity of the original sample. 

In. any event, it may be stated that the l4eday chick 

embryo whole-cell system anparently incorporated ott etue 

tamic acid into hot. TCA-extractable protein, and that a 

small. portion. of ‘this: activity was. recoverable, after Lossen 

rearrangement, as: the alpha=linkage rearrangement product. 

Ive. ihe presence of the gamma-glutamyl peptide linkage 

in the hot. TCA-extractable protein of the 1-day chick 

embry oe 

It was: now decided to establish more rigorously whether 

or not the collagen-containing fraction of 14 day old chick 

embryos contained glutamic acid in the gamma-glutamyl link- 

agee 
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A whole-cell incubation was prepared from 20 l-day 

White: Leghorn chick embryos. weighing 13.8 g each with 

3, ml of Krebs Ringer's phosphate solution per gram of 

tissuee The resulting suspension was incubated at 37° 

C. for two hourse The protein was precipitated, washed 

and extracted twice with 5% TCA. The two hot TCA extracts 

were combined and extracted with ether - during the ether 

extraction a white precipitate formed which was. filtered 

oute The gelatin rich solution was dialyzed against dis 

tilled water at 4 CG. for three hours with the external 

phase being changed every houre This dialyzed solution. 

was. evaporated to 20 ml and redialyzed for 11 hours with 

one change of the external phase. The solution was) then 

evaporated to 12 ml and the polyhydroxamate derivative was 

made.o. The hydroxamate derivatiive weighing 1.6157 ¢ was 

dissolved in. 106 ml of warm water and the solution was 

divided into two equal portions = one to be rearranged and 

one. to remain. as the unrearranged control. There were 

4.63 pmoles of hydroxamic acid groups. in the 52 ml submitted 

to Lossen rearrangemente 

The control hydroxamate was hydrolyzed as usual after 

bubbling nitrogen through the sample for five minutese 

The: other half of the gelatin hydroxamate was subjected to 
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the Lossen rearrangement according to the usual procedure 

and was then hydrolyzed in the same manner as the controle 

The 2,4-dinitrophenylhydrazone derivative of each hydroly- 

sate was: made, extracted, electrophoresed and chromatogr= — 

aphede. Succinic semialdehyde-2,4-dinitrophenylhydrazone 

was identified in the rearranged gelatin but not in the 

controle The identity of the compound was verified in 

two.solvent systems, and it was assayed. After removal of 

the 2,4-dinitrophenylhydrazones, the aqueous phase was 

evaporated to 2.0 ml and desalted. After desalting, dup= 

licate electrophoreses, elutions, and assays were performed 

im.order to demonstrate that the results obtained were not 

the result of differences in the degree of elution from 

the electrophorograms but represented real differences in 

the amino acid compositions of the control and rearranged 

gelatinse 

In this. experiment the presence of gamma=-linked 

glutamic acid in the gelatin-rich hot TCA-extractable 

protein from the l4-day chick embryo was affirmed. 

From Table VI it. is evident that there was a great deal 

less. glutamie. acid recovered ffBom the: rearranged gelatin 

than was recovered from the control. The fact that the 

amount of proline remained relatively constant, as indeed 
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fable VI 

Analysis: of the products obtained on hydrolysis ofthe 

Lossen rearranged gelatin from the l4-day chick embryo 

as; compared with. a suitable unrearranged control. 
er ate RA ED RC A PES RP A SSS PDS 

Compound. Total pmoles recovered 

Control Rearranged 
Gelatin i Gelatin | Difference* | pemneimnescerane 

D plicates**| Averl{pupliica tes: |iverage A 
ones 1 ji agey i 

g i | 
Hydroxyproline | 235} 240. 4238 Looe 24.0 234 NeSe*¥** 

Proline | 480) 485 4483 Ihioe [502 | 498 $15 

Glutamic acid 295° 1275 | 285 1-139 413 | 435 
Alpha, gamma=- 
diaminobutyric i [ | | 

acid Se3% 9e3Y 8.84 $8.84 
— 

Seemann a Sueccinic 
semialdehyde. T2e2LFtEK T2207 Ff $1 2e2T 

SMO nD LLL TA IN LAS EIA PLATT CA API ETS PS EE et 

pmoles Hypro: 
pamoles. Succinic 

semialdehyde. 
1607 

SP ICE REA AYES ITB O BAD NAN IEE EP SRS REP ANI 

aoe 1902 
nee 

* Difference between control average and rearranged averageée 

** Duplicates:=Duplicate elutions from duplicate electro= 
phoresese 

*e*K Ne Se Nob: significant. 

**k**A Single isolation and assay was done: with. succinic 
semialdehydee 



(qe), 

= 
Oe 205 Sag Tt Pa fw f 
Many Ty re FG Lae tt 

Cor Oe rey mee ae 

. © ~« ~j ~*~ i 

lo LO 2.28 ' Lorbye Co »& 
neon giana bon Ler ; 

ci £2 Fypeaeke ect 
Ain Bb). 82 aiag Lon PS cud ee 8 oS & 

on antoni on rep amianaen i rep rataaaty's oa me 

rai baa lad Bd ie “ & Ooiw bets eLotiics Hesiestaeiay - 
mitcbaestgan naps. Fe PRO ren ence Hipimetoaenieegaeherahe 

de emt - : - I omy ste iy TF) Ye , 

betevooss eolouk [esol SOT 
df Pa a a a el 5 RA AO SE AE ON z 

De mrt Poy we Sh id — va 0 . ~ 

" enim tee pep a cameo iftaran fy Pd & Cari 
2 FSO aed ae ma € | isa. sd Saye | Kits LS) 

a ee a ohn Ferrata pent eth mal i } Jo Rem TDs ame ae ; 

| ; asi pans 2yee J os ' nic ~ on oh _ fe 

| weeisv,| soteotiqnd|ice7Al**2eed saoilan 
(eat & ; ‘ s 

a erty tse rent ine mg Rape ear meee NA 4 fe aa EN A ame at rao Nencestoien HPpntonay ae anatiitesonemin Annem a mn mamas ny HEA mI ‘ 

} 4 ‘ } ‘ 

H : 4 
p fcc tom | tact chew | : a epee Pere : 
deied ee HES | OST GSS! GES; OS 1 RES) ent Lome yxotb yh: 

f f : : : : 
if 

; D 

aig | ae : me hk ets } ‘4G ro ’ om ie i 

Ne Set | aoe) sed) chs abe jobs ent Lord 

¢ bE 98 ome d chp 

Scat a cae ~srtteg.estig DA 
Sityduoonios £5 

‘Aros 
y 

° 1 as { . 
~~ 

a7 - 

* 
= 

& ae) 
: Q o oe ao 

Pee 

a 7 ae | - io) gist booue 
fSenl4¢ 1 TS.57 Stee TS SL iw 0) |. »sirydeblaioee 

a ees “eb iobieiues 

fat 
eovan ve beuneriset Ais sietovs Eovincos usewied sonewitiig # 

- ‘note gteolflavh move enoliute etsoltiqni<= eedsotiqunt 
ele Veatoar 7 

cs I y iSo ae ‘Ld Li ey he zol— — = peor ew 

1 tad ~ fae t- 4 — ry ck a ~~ pees Pot n 7 . . Sircssne titw oooh exw Wee as bos noltsfeeskt slunita sean 



(48) 

it. should. for it.is not involved in the rearrangement 

procedure, indicates. that the decrease in glutamic acid 

units. is. reale The appearance of 21. pmoles of glutamic 

acid rearrangement products still. leaves. 1165 pmoles. unac= 

counted for out of the 139 pmoles of the glutamic acid 

that disappeared as a result of the rearrangemente As 

the alpha,gamma-diaminobutyric acid was isolated from the 

same electrophorograms in the same way as the other amino 

acids. that were analyzed, and as there is no evidence that 

this. compound is unstable, it would not seem as though the 

discrepancy can.be explained in terms of any large amounts 

of. alpha,gamma-diaminobutyric acid being unaccounted fore 

It seems likely that the failure to account for the missing 

residues is. due to the incomplete recovery of succinic 

semialdehyde as the ohenylhydrazonee. If the discrepancy 

lies in the unrecovered succinic semialdehyde-2,4-dinitro- 

phenylhydrazone, then.it. probably lies. in the loss of su- 

ccinic semialdehyde during hydrolysis, the incomplete forn— 

ation of the hydrazone derivative, or in incomplete extract- 

jon procedures. Precautions against photic degradation 

or heat breakdown of the hydrazone derivative were observed 

during the experimental. procedure. Beeause of the afore— 

mentioned discrepancy, an absolute statement of the number 

of gamma-linkages in. gelatin cannot be made. However, one 



(84) 

Jnenesnst rest ors ak Bboviovat ton et $i tot Blyosle tt 

bios olmedul: oi sesetoeh eld isdi eedsoioai ,emwbedord 

dimsiul: Lo eeloms IS to sonsisen s 6mf «leet .et ettow 

er estlomyg Off eoveor iLive 23 oN BO Jrerosmeriset bios 

Hblos oinscols odd to zolome CEL eit “tov dito 07 Bod musao 

ef ,dmoiisunetises od’ to tivaert s es beweqaee lb: ddd 

2i. Poel ves esv bios ofaytudconins:b-smmsg sdg fen 

onthe wile got es Yew omse add i unstgotodoorsoele emse 

hy 

‘oi.oDive of af stedi as bis ,besylaus stew dedd ebios 

hpvei> es meen Jor bluew Jt ,sidstens el baivogies eidd 

KIOWS Seistl vrie “lo ered ti bentalqxs ed so Was etaa lb 

21 bedmvososay taisd bos olrydudoninaLh -sutsg.edqts io 

(ele oc TOL Jivooss oF sinlist edt dads ylewdtl emoes 42 

oifiocsrea Lo ytevossr etetqueont ent -of eb al eoubleet 

ascegseiu ens TT sencsstbyityvasidie oft és ebydeblistouer 

Tibet oer aileines ofntooue betevooermy edt of aelt 

seol afd oat asi Yiosio1g Jf mens ,onoretbydlyneda 

BY SLCNCONL God gateylorbyd sriitub ebyrlebLebmee oitiigo 

i snomethyd ett to onolis 

WC BbSin ch ottderte genkeye acocdirmoet jepseeaiae mot 

GUO Sy eVaieviieh sivaaerbya 4i/5 “to nvwobalseu! aged to 

Say 20 Seumseo .etrheoorg Iodeentisaxe odd pnatityb 

ME OS To Anamedsde edic-ioeds ms onegetselb Sertols ned 
= , ‘ > ie ono aa ra — a a * - ‘ P e1OVEWOL etheo sd torines aihecoe of eegeiaifi-~cmmsy Lo 



(49) 

may conclude that there is. at least one glutamic acid 

residue in gamma=peptide linkage for every 19 hydroxy- 

proline residues in the gelatin-containing fraction der= 

ived from the li-day chick embryo. 

It might be worth repeating at this point that these 

investigations were focused on the establishment of an. 

in vivo preparation in which the gamma-glutamyl bond 

formation could be studied. Therefore it is not quantita- 

tive recovery of succinic semialdehyde that is important 

but rather the attainment of a high degree of purity flor 

this compounde. 
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Discussion 

Two of the questions: that are raised by the presence 

of gamma-glutamyl linkages. are that of how and when in 

the process of protein synthesig§. as. we: conceive of it 

today, the bonds are formed. It is. hoped that the work 

reviewed in the experimental section of this paper will,, 

with greater refinement, lead to the establishment of 

a. whole-cell system which may be used as..a tool with 

which to study the enzyme or enzymes responsible for the 

formation of this gamma. linkagee 

Figure Se is a partial representation of the mechanism 

of protein synthesis as it is conceived of today. There 

are several stages in the synthetic process where the 

formation ofthe gamma=linkage may take place. First 

it may take place at the level of the formation. of the 

aminoacyl=-s-RNA complex. It is known from Ochoa. (31) 

that the aminoacyladenylate-enzyme complex interacts 

with the. corresponding transfer RNA whereby the amino 

acid is: esterified through its carboxyl group to a hydr=. 

oxyl. residue on the terminal adenosine moiety of transfer 

WIA. 

In the formation of the gamma-glutamyl bond, it may 

be that the glutamic acid attaches to the s-RNA by its 

gamma=-carboxyl group instead of by its alpha-carboxyl 
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ATP + 4A +E 

PPi- 

SA~AMP=$3. 

s-RNA 

AA-vs=-BNA 

AMP +. E. 

Ribosome. 

s-RNA Protein 

Fige De Diagram of Protein Synthesis. Es enzyme, 
AA = amino acid, PPi = inorganic pyrophosphate, s-RNA = 
transfer RNAs. 
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imide forming 
~=-~------------ Sm. + 1,0 

enzyme 

o H EH Q 
- 0H ji \ \ i 

itachi Cao 
’ iP Bt 
CH | 2: Cc 
Negi 

) 

o EH HEH OQ 
hoof H 

Sea ea 

CH C-N-R! 
ne | 

camma=linkaze 

Possible: mechanism for intramolecular formation 
of gamma-glutamyl. bondse 
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groups In the formation of the usual peptide. linkage 

there is a. specific distance between the carboxyl group— 

S-RNA bond and the amino group which is entering into 

peptide linkage with the emerging protein. If we are 

to assume the formation of a. glutamyl-gamma-carboxyl— 

S-RMA, then we must assume that the increased amino 

group to carboxyl group distance is accounted for either 

by folding of the amino acid or by bending of the s-RNAe 

If one is to assume that it is at this level that the 

gamma-linkage is formed, then it may be necessary to 

assume that there is a specific s=RNA for the glutamic 

acid entering gamma=linkage with a different.code triplet 

or triplet order from the s=RNA of the glutamic acid 

entering into alpha-linkage. 

A second possibility is that the gamma-linkage may 

be. formed by an intramolecular rearrangement of the 

alpha-lihked amino acide Such a rearrangement could 

take place before or after polymerization of collagen 

subunits: into tropocollagene The assumption in this case 

is that glutamic acid would have been incorporated into 

alpha-peptide linkage, an imide might them be formed and 

finally the alpha-carboxyl-nitrogen bond would be hydrol— 

yzed leaving the gamma=carboxyl group in peptide linkagee 

This would be the. same type of reaction that was discussed 

in the introduction in relation to the possibility of 
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artificial formation of the gamma=linkage during the 

synthesis of. the hydroxamic acid derivative of gelatin 

by the method of Gallop, Seifter et al (1+). 

If the formation of alpha= and gamma-linkages occurred. 

at. the same rate, as they presumably would if the gamma- 

bond is defined at. the aminoacyl-s-RNA level, then one 

would expect the incorporation into gamma-linkage to 

show a. similar variation with time as. the incorvoration into 

alpha-linkage. The same result would be expected if an 

intramolecular rearrangement took place in a short enougn 

time arter the incorporation of glutamic acid into the 

alpha=linkage, such that the delay period could not be 

determined. If, however, intramolecular rearrangement 

occurs and there is a significant delay between. incorpor= 

ation into alpha-linked glutamic acid and its rearrange- 

ment. into: the gamma=-linked form, then one might expect 

that the alpha=linked glutamyl units would contain 

radioactivity pefore activity appeared in the gamma— 

linked unitse. This is: a possible explanation for the 

presence of activity in the alpna,gamma-diaminobutyric 

acid and not in the succinic semialdehyde in experiment III. 

Further experimentation will be focused on the study 

of the: rate of incorporation of radioactivity into the 



' { he ot 

ie evideviteh Slos olmsxoubyi edd to ssiaksp arched 

a(¥Z) Le Jo tectio# ,golisd to boris om odd “d 

- i - >a a 
eu shi one POU go 

S78 i 

mois 

—— 

7 ¥ ad 

ALS = 

c . 

tle eis 3 idemtot etd UT 

idsuveoeta ysds es ,otet omnes odd ds 

iesgeyusonims eld ts berniteb: ak bnod 

1 i noitanoqiesni sdd Jsosanxe bLuow 

_ eid diiw oot¢sicsvy tealinte « wode 

-oRpeiinilesidata 

mi oe ques Jnomejdsusest aslvoeLomental 

os ofewurl: To moltntor rast @ii2 193 ‘Ls ont ts 

9 Woltes Ysteb ed asad. dome open tad is 

ue Telsoolomewo: ,tevewod , 1 dex iarregeb 

Swasy Wat 

s tty Soe ae, 
AL al! LIC: fg 

- : 7“ 

Mot Piast 

wal — 

ot ‘ oe rhs 

r 
sie [ir 

~ ~ co ae 

SL? aed 5 Slats 

- fa 
h GL Sp 

— 
pt ect rt 

- 7 r ao 
wa ae Ad A 

26 0) lsotiingte © ef ovedt bear ectirose 

Dos aiusigtn hale ihi-sre ls odakt sotts 

Leoduifesomess add odrel gneom 

ao lint Dyed aia bekit S+saaie en! Jssdd 

iS26EcS YWivacos sided yiividosather - 

HO EataeioC & af en wedions beatntr 

Mog, SiMits ond at \iividos to sonersaq 

Asilalvnen olfioosve end oi jon bas bios 

fo tt itw nest nemitecxne tedta0% 

M6OLDS* To nokssconwosnk ko adst edd to 



(55) 

alpha--and gamma=linkages, in order to gain some insight 

into the nature of the enzyme system responsible Sor 

the. gamma-bond formations If it. is: shown that the bond 

is created by an intramolecular rearrangement, then I 

believe that this would be the first instance in which 

a. peptide bond was demonstrated to be created in this. 

mannere 
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summary 

I) It. was: found that a cell-free system from 7-day 

old chick embryos would incorporate eo olntente acid 

into the gelatin-rich hot-TCA-extractable protein. 

After separation of macromolecular from small molecular 

components, some of the activity was recovered in the 

Macromolecular fraction. The amount of incorporation 

in this system was. small. 

2) Commercial bovine Achilles tendon collagen: was conver- 

ted to the polyhydroxamic acid-DNP derivative and submitted 

to Lossen rearrangement. Analysis of the hydrolysis 

products revealed the presence of succinic semialdehyde 

(the gamma-glutamyl-linkage rearrangement. product) in 

both the rearranged gelatin and in an unrearranged controle 

The rearranged gelatin yielded 5.3 times as much succinic 

semiald@enyde as it would be calculated to yield on the 

basis. of the endogenous amount recovered from the un= 

rearranged control. This collagen appears: to contain at 

least 19 pmoles of gamma-glutamyl residues per 612 total 

glutamyl residues or per 676 residues of hydroxyprolines 

As. discussed in the text, this is a minimal figure. 

3) A whole-cell system of 20 14-day old chick embryos 

was incubated with oY elutamic acide After conversion 
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to the polyhydroxamate=DNP derivative, the hot-TCA~ 

extractable protein was submitted to Lossen rearrangement. 

Succinic semialdehyde was recovered and found to contain 

no radioactivity, whereas the alpha,gamma-diaminobutyric 

acid (alpha-linkage rearrangement product) which was. 

recovered contained a. small amount of radioactivity. 

) The collagen-containing hot-TCA=extractable protein 

was extracted from 20 li-day embryos. After formation of 

the: polyhydroxamate derivaBbive, one half of the solution 

was rearranged and the other was used as an unrearranged 

controle Analysis of the hydrolysis. products reveaied 

that. both alpha- and gamma-linkage. rearrangement products 

were present in the rearranged gelatin hydrolysate but not 

in that of the controle Quantitative analysis revealed 

that there was at least one gamma-linked glutamic acid 

residue for every nineteen hydroxyproline residues. in the 

chick. embryo collagen-containing hot TCA-.extracte 

5) A discussion of the possible mechanisms of gamma- 

bond formation was presentede. 
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