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A CRYSTALLINE POLYPEPTIDE FROM THE 
SEED OF CRAMBE ABYSSINICA 

C. H. VANETTEN, H. C. NIELSEN and J. E. PETERS 

Northern Regional Research Laboratory,* Peoria, Illinois 

(Receiwd 14 September 1964) 

M&act-A polypeptide with prolamin4ike solubility was crystallized from an aqueous acetone extract 
from seed of Crombe ubyssinica Hochst ex R. E. Fries. The name “crambin” is proposed for this polypeptide. 
Electrophoresis and sedimentation equilibrium show that it is homogeneous and has a mol. wt. of 5000, 
which agrees with the minimum mol. wt. calculated from amino acid composition. Amino acid residues per 
molecule were thmonine, alanine, and aspartic acid, five each; glycine, isoleucine, and proline, four each; 
cystine, three; arginine, serine, tyrosine, and valine, two each; and glutamic acid, leucine, and phenylalanine, 
one each. Three amide nitrogen residues were found. Cysteine, histidine, lysine, methionine, and tryptophan 
were absent. After performic acid cleavage of the disulfale bonds, crambin remained electrophoretically 
homogeneous and its mol. wt. did not change signiticantly. These data indicate that crambin consists of a 
single peptide chain with intramolecular disulfide crosslinks. 

INTRODUCTION 

DURING a compositional study on the seed of Crumbe ubyssinicu Hochst ex R. E. Fries a crude 
crystalline precipitate was obtained when acetone was evaporated from an 80% acetone 
extract of the defatted seed meal. Recrystallization, solvent extraction, and adsorption of 
accompanying pigments yielded a white crystalline material (Fig. l), polypeptide in nature, 
for which the name “crambin” is proposed. 

RESULTS 

Isolation and Chemical Composition 

Details of isolation and purification are described under Experimental. The elemental 
composition of crystalline crambin (dry basis) is N, 16.13 + O-04 %; S, 4.Ol + O-01 %; P, O-O %; 
and ash O-O-O-2 %. Paper chromatography of an acid hydrolysate gave a number of ninhydrin 
positive spots showing presence of a polypeptide or protein. Yield of crystalline crambin 
varied from O-25 to 050 per cent by weight of the hexane-extracted seed meal. It was estimated 
that the hexane-extracted seed contained O-5-0-9 per cent of the material. Extraction of 1 g 
samples of the seed coat, cotyledon, and hypocotyl parts of the seed indicated that the poly- 
peptide was only present in the latter two tissues. The X-ray pattern of the material in contact 
with its mother liquor (Fig. 1) shows sharp bands indicative of a high degree of crystallinity. 
After air drying the absence of many of these bands shows loss of crystallinity with drying 
(Fig. 2). 

Solubility 

Crambin dissolved readily in absolute ethanol and in aqueous solutions of ethanol and of 
acetone which contained 50 per cent or more of the organic solvent. It dissolved slowly in 
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0.1 N sodium hydroxide, but the odor of hydrogen sulfide on standing indicated decomposi- 
tion of cystine. It showed some solubility in 8 M guanidine hydrochloride. 

Based on qualitative tests in which 15 mg of sample was suspended in 10 ml of solvent, 
crambin showed no apparent solubility in cold or boiling water. dilute or 6 N hydrochloric 
acid, 3 M urea, 0.02 M aluminium lactate, 0.1 N acetic acid, 0.5 N sodium chloride. and 100 “< 
acetone. After crambin was treated with performic acid to cleave disulfide bonds I ouidatively 
it became soluble in water and dissolved more rapidly at neutral than acid pH. 

Amino Acid Composition 

The amount of each amino acid, expressed in different terms including residues per 
minimum mol. wt. of 4700 is given in Table 1. No lysine or histidine peaks were found. 

TWLE 1. AMINO ACID COMPOSITION OE CRAMBlh 

Grams amino acid Grams amino acid Grams amino acid Amino acid resl- 
from 100 g dry residues in 100 g NperlOOg dues per 4700 g 

Amino acid polypeptide* dry polypeptide polypeptide h polypeptidr: 
___.__._______________..-. ..- -..- - --.- .--. .-- ---.-- ___ 

Aspartic acid 1?75*@70 II+4 8.31 -16 
Threonine 15.11 1280 II.02 5.2 
Serine 5 24 4.34 4 33 2.4 
Proline 1044* 020 X.78 7.88 1-3 
Glutamlc acid 2.95 f. 0.06 3.59 I.74 1 .o 
Glycme til7kO.32 4 69 7.14 3.Y 
Alanine 894+ 0.40 7.12 8.72 4x 
Valine 4.61 3.92 3.42 I9 
Cystine 14.15 12 05 IO.22 2.8 
Isoleucine Il.95 1033 7.91 4.3 
Leucme 3.86+@06 3.34 1.55 14 
Tyrosine 7.21+ 0.06 6.50 3.45 1 .Y 
Phenvlalanine 3.41 kO.12 3.04 I *80 I.0 
Argininc 6.71 +@I4 6.02 13.37 1-o 
Ammonia or amide nitrogen -. h 70 3.ot 

Total 113.4 96.6 Y8 h - 

* Average of at least four analyses except as follows: serine. threonine, and ammonia nitrogen extrapolated 
to hydrolysis time of zero from 18.24. 72, and 120 hr acid hydrolysis; valine and isoleucme average of 72 
and 120 hr hydrolyzates including the asslgned a//o-lsoieucine as a part of the isolcucine: cystmc average of 
two analyses. 

* Amide nitrogen by method of Leach and Parkhik9 

Cysteine was absent, based on the nitroprusside test in the presence of guanidine hydro- 
chloride as described by MacDonnell et of,*. nor gas there any tryptophan as determined 
by the method of Spies and Chambers. 3 No degradation products of tryptophan were 
observed from the ion-exchange analysis of the acid hydrolyzatc. l_Qra\iolet absorption 
curves from a 60% ethanol solution of crambin showed a maximum at 277 I~IL in Cn O-1 N 
HCl and at 295 rnp in Ca 0. I V &OH (tyrosine) with no evidence of tryptophan absorption 
at 282 m/l. 

The 18 hr acid hydrolyzate, when analyzed for amino acids using ion-exchange chromato- 
graphy. gave a small peak in the position of mcthionine equal to 0.3 g mcthionine per 100 g 

1 C. H. W. HIRS, J. Bid Chmr 219 611 (1956). 
2 L. R. MACDONNELL, L. R. SILV.\ and R. E. Fr&NEY, drelr. Biochwr. Biupl~ys. 32,288 (1951). 
J J. R. SPIEJ~~~ D. C. CHU.~UFRS. +IN/. Cllrnr. 21. 1249 (1949). 



FIG. 1. CRYSTALLINECRAMBIN FORMEDBYEVAPORATIONATROOM TEMPERATUREOF ALCOHOL FROM 
50% AQUEOUSSOLUTION. 

Magnification = x150 
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protein. This peak increased in size with increased hydrolysis time to O-8 g apparent methio- 
nine per 100 g of polypeptide in the sample when hydrolyzed 120 hr. However, paper 
chromatography of a hydrolyzate showed that crambin contained no methionine. The 
chromatogram was developed with n-butanol: ethanol: water (4: 1: 4), upper phase, and 
sulfur-containing amino acids were detected with platinum chloride, acid potassium iodide 
reagent.4 Positive controls for this test were run on the hydrolyzate with methionine added 
and on hydrolyzates of protein known to contain methionine. 

This apparent hydrolytic decomposition product eluting in the position of methionine 
is not any one of a large number of ninhydrin color-producing compounds, the elution posi- 
tions of which have been reported by Zacharius and Talley.s Recently bis-(2-amino-2- 
carboxyethyl) tristide was identified as a decomposition product of cystine in acid hydro- 
lyzates of wool6 It was thought that this compound might elute in the position of methionine. 
Ion-exchange chromatography of an authentic sample showed the compound eluted as a 
double peak under isoleucine. Pure cystine was hydrolyzed 18 hr and subjected to amino 
acid analysis to see if a decomposition product formed that eluted in the position of methio- 
nine. The only decomposition product found was bis(2-amino-2-carboxyethyl) trisulfide 
present as 2 per cent of the original cystine. Groves’ suggested that allo-isoleucine on the 
30-50” ion-exchange column should elute with methionine. On the 50” column allo-isoleucine 
elutes near methionine.8 Ion-exchange chromatography at 30-50” of a mixture of authentic 
methionine, allo-isoleucine and isoleucine showed the allo-isoleucine eluted with methionine. 
Authentic isoleucine refluxed with 6 N hydrochloric acid under our conditions of acid hydro- 
lysis of crambin gave a small peak in the position of methionine after 70 hr which became 
larger after 120 hr. On the basis of these results the peak eluting in the position of methionine 
was considered to be allo-isoleucine formed from isoleucine during the acid hydrolysis. 
However, no evidence was found in the literature that isoleucine forms allo-isoleucine in 
acid hydrolysis of a protein. 

Because of likely error in the determination of amide residues from the ammonia formed 
during the acid hydrolysis of the peptide the amide residues were calculated from the ammonia 
formed by hydrolysis with 2 N hydrochloric acid at 100” as described by Leach and ParkhilL 

Ion-exchange chromatography of the acid hydrolyxates gave no indication of levulinic 
acid or related products formed from the acid hydrolysis of carbohydrateslo No positive 
test for carbohydrate was obtained on acid-hydrolyzed and unhydrolyzed crambin with 
alkaline silver reagent l1 after paper chromatography in n-butanol : ethanol: water (4: 1: 4) 
upper phase. 

Molecular Weight and Electrophoretic Properties 

The slow passage of crambin in 60% ethanol through cellulose dialysis tubing (about 
90 per cent in 8 days) indicated a relatively small molecular size. The amino acid composition 
of the dialysate was the same as that of the residue which did not pass through the membrane. 

4 G. TOENN~ES and J. J. KOLB, Anal. Chem. 23,823 (1951). 
5 R. M. ZACHAIUUS and E. A. TALLEY, Anal. Chem. 34,1551(1962). 
6 J. C. FLEXHE R and A. ROBSON, Biochem. J. 87,553 (1963). 
7 M. L. GROVES, Private communication. 
* S. Mooxu, D. H. SPACKMAN, and W. H. STEIN, Anal. Chem. 30,1185 (1958). 
9 S. L. LEACH and E. M. J. PARKH~LL, Proceedings of International Wool Textile Research Conference, 

Australii, p. G92 (1955). 
10 R. M. ZA- and E. A. TALUY, J. Chromatog. 7,51(1962). 
11 I. Sm, Chromatograhic Techniqtres, p. 169, Interscience, New York (1958). 
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Sedimentation equilibrium analysis indicated a mol. wt. of 5000 and there was no evidence 
of polydispersity in a solvent system of 80 r: ethanol, 0.1 M potassium chloride, and 0.02 M 
hydrochloric acid. In the same solvent system at 25.3” a diffusion constant of 8.20 Y IO- ’ was 
obtained for crambin from the rate at which the system approaches equilibrium. 

After cleaving of the dibulfide bonds by performic acid. the mol. wt. gas dctcrmined by 
sedimentation equilibrium in two aqueous systems. In 0.1 p pH 8.0 trls buffer (0.2 M tric 
(hydroxymethyl) aminomethane plus 0.1 M hydrochloric acid) it c\hiblted a weight-alerage 
mol. wt. of 6400 and in 4 M urea plus 0-I ~1 citrate (0.1 M monosodium citrate adjusted to 
pH 3-O with citric acid) it exhibited a weight-average mol. wt. of 5700. (In the tris system the 
diffusion constant was 12.82 x IO-7 at 25”.) Some heterogeneity \\as obsericd in each hqstcm. 
In both the mol. wt. extrapolated to about 5000 at Lero concentration. This beha\ ior indicates 
some aggregation of a species of about 5000 mol. wt. rather than presence of larger cov;tlently 
bound species in the systems. 

Electrophoretically, the polypcptide showed only one band on cellulose acetate strips in a 
system of 60 “; ethanol plus 0.05 M citric acid plus 0.05 M sodium citrate (pH 3.9). and in a 
system of 607, ethanol plus 0.05 M HCI (pH 1.65). Moving boundary electrophoresis of 
pcrformic acid-oxidized crambin at 1.0’ in 0.05 11 tris pH X.0 showed one peak with a mobility 
of 5.7 Tiselius units. 

DISCUSSION 

The best known prolamines are those of the cereal grains (Gramineae). Of these. wheat 
and corn prolamines have been most intensively studied. 12-lJ Both gliadin and zein are 
mixtures of related components: contain large amounts of glutamine and proline: possess 
both inter- and intra-molecular disulfide bonds in fairly small amounts; comprise a major 
portion of the seed protein. and their mol. \\t. are in the 20.00%50.000 range. In contrast, 
crambin is fairly easily isolated in pure crystalline form from an aqueous acetone extract of 
crambe seed : contains little glutamine or glutamic acid but large amounts of proline: contains 
a large amount of intramolecular disulfide bonds; and has a mol. nt. of 5000. The high 
cystine content of crambin is like that of some water-soluble proteins isolated from seeds. 
Proteins of high cystine content present, in most cases comprising a small percentage of the 
total seed protein, have been reported from barley.‘” cottonseed,lf’ lima beans.‘: oats.ls 
ground nut.l’ and wheat.‘O 

Amino acid compositlon (.Table 1) sho&s 96.6 g of amino acid residues per 100 g of dry 
polypeptide and 98.6 per cent of the nitrogen accounted for. Amino acid residue5 are close to 
whole integral number\ except for aspartic acid, serine, prolinc. isoleucine. and leucine. 
These five amino acids may not be as accurately measured by the method of analy& or some 
of them may be converted in part during the hydrolysis to other products. Ofthe 4.01 per cent 
sulfur, 94 per cent was found in the cystinc. 

I3 Y. V. W[I and R. J. DIMLFR. .-ttrlr. Biochem. BiopllJt. 102.230 i 1963). 
I3 J. MOSSF. J. Am?. PI~~.siol. V~gm/t~ 3, 105 (1961). 
IJ JAhIES E. TURNFR, Jotck A. BOL~NI)Y and R. J. DILILFR. Unpublishrd data. 
I5 R~HERT JENSEN, .4ctrr Clew. ScumI. 6, 771 (1951). 
lh W. MAKTJNLZ and V. FKAMFTON. J. Axr. Food Chem. 10.412 (1962). 
l7 G. JONES. S. Moo~t and W. H. STHN. Biuchemistr~ 2.814 (1963). 
ls E. W~LDwHMIT)I’-LFITZ and 0. Z~~JSLFK, Z. Phwiul. Chem. 332. 216 (1963). 
I9 G. W. IKVING, JJ., T. D. FOUIAIIUC and R. C. WARNF~, AK/?. Bwclzem. 7.475 (1945). 
11’ A. K. BALLS. W. S. H,~J J and r. H. H,\RRL~, Crreul (‘hem 19.279 (1942). 
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Water-insolubility of crambin is probably due to its lack of charged groups (Table 1). Its 
solubility in 80% ethanol, we believe, is due to a combination of its low mol. wt. and its 
preponderance of hydrocarbon and hydroxyl-containing side chains. Performic acid cleavage 
of the disulfide bonds adds six charged sulfonic acid groups to the molecule, which probably 
account for solubility of the oxidized crambin in aqueous systems. 

From diffusion constants obtained from the rate of approach-to-sedimention equilibrium, 
a frictional ratio of 1.27 was calculated for native crambin and about 146 after disuffide 
cleavage. The frictional ratios indicate a compact and symmetrical molecule *l which unfolds 
somewhat after disulfide cleavage. This behavior is what one would expect for a crystalline 
polypeptide with a large number of intramolecular disulfide bonds. 

It is unlikely that crambin was formed from cleavage of larger molecular units during 
isolation since mild conditions were used. On acid hydrolysis of the polypeptide no evidence 
was found of substances other than amino acids. Accordingly, it may be classified as a simple 
polypeptide of natural origin. 

Since the polypeptide contains large amounts of sulfur as cystine, it may be in some way 
related to the large amount of thioglucosides in the seed of the plant.22 Possible relationships 
of crambin to the enzyme system myrosinase (hydrolysis of thioglucosides) or to possible 
biological functions or effects have not been studied. 

EXPERIMENTAL 

Isolation and Purification 

Mature seed (grown in Texas, 1961 crop) with the pericarp removed was flaked and cold 
hexane-extracted. The defatted seed ground to pass a lOO-mesh screen was extracted with 
80 % v/v acetone water. In a typical preparation 165 g of the air-dry, defatted seed meal was 
extracted with 1600 ml of the aqueous acetone for 1 hr on a shaker followed by centrifugation 
and reextraction twice more with 800-ml volumes of solvent. The combined supernatants 
were reduced in volume under vacuum at below 50” until the acetone was removed at which 
point crude crambin crystals precipitated. After standing overnight in the refrigerator, the 
crystals were separated by centrifugation. The centrifugate was dissolved in 200 ml of 67 % 
v/v ethanol and filtered, if required, to remove insoluble gums. The yellow solution was 
extracted in a separatory funnel with an equal volume of petroleum ether. Five or six extrac- 
tions were made which removed nearly all the color, ethanol being added to maintain the 
concentration in the polar phase. The polar phase was concentrated under vacuum to about 
70 ml volume and 350 ml of absolute ethanol was added. The clear yellow solution was 
passed through an alumina column (adsorption alumina, Fisher Scientific Co., Cat. No. 
A-540)* 20 x 3 cm followed by 250 ml of 60% ethanol. The combined effluents were con- 
centrated under vacuum below 50” until the crambin crystallized. After 16 hr at 0” the 
crystals were separated by centrifugation. Recrystallization in this manner was repeated 
(usually three or four times) until white crystals were obtained from a water-clear mother 
liquor. Yield: 0.43 g dry crambin. The petroleum ether extraction and passage through the 
alumina separated pigments which could also be removed by extensive recrystallization. 

21 CIURLIZS T~RD, Physical Chemistry of Macromolecules, p. 358, John Wiley, New York (1961). 
2~ C. H. VANETI-EN, M. E. DAXENBIUUER, J. E. PETERS, I. A. WOLFF and A. N. BOOTH, J. Agr. Food Chem. 

In press. 
* The mention of firm namea or trade products does not imply that they are endorsed or recommended by 

the Department of Agriculture over other firms or similar products not mentioned. 
31 
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Sedimentation andElectropltoretic Studies 

Sedimentation equilibrium analysis was done in a Spinco Model E ultracentrifuge 

(equipped with a rotor temperature indicator and control system): with 30 mm double sector 
cells for equilibrium runs and capillary synthetic boundary cells for initial concentration 
determinations. For concentration determinations clnjtlc values Lvere calculated from the 
equation:‘3 

in which 5,, is the partial specific volume of the peptide, n,, is the refractive index of the peptide. 
and II, the refractive index of the solvent. A partial specific volume value of O-719 was cal- 
culated from amino acid analysis by a procedure given by McMeckin et nl.‘J and a refractive 
index of I.6064 M~S calculated from amino acid analysis by another procedure of McMeekin 
et al.” Diffusion constants were obtained from the rate at which the system approached 
equilibrium by the procedure of Van Holde.‘h,‘7 Other calculations \teere done by standard 

procedures.‘* 
Electrophoresis on cellulose acetate was done on Sepraphore III strips according to pro- 

cedures supplied by the Gelman Instrument Co., the manufacturer of the apparatus. Moving 

boundary electrophoretic analyses were made with a Spinco Model H instrument. 

Ion-Exchange Chrontatographic Amino Acid Analwis 

Acid hydrolysis was carried out under reflux on 25mg samples in 50 ml of twice distilled 
6 N hydrochloric acid. The hydrochloric acid from the water-clear hydrolyzate was removed 
under vacuum at less than 50‘ and the residue made to a convenient volume with pH 2.2 buffer 
for analysis by the ion-cachnnge chromatographic method of Spackman cv a/.‘9 with a 
Beckman Spinco automatic instrument. Cystinc was oxidized to cysteic acid by the method 
of Schram et a1.30 and determined on the 150-cm column of the analyzer. Analyticalvalues by 
this method were essentially the same as from the cystine plus meso-cystine peaks from acid 
hydrolysis of unoxidized crambin. 

Dialysis Through a Celhrlose Membrane 

Standard cellulose dialysis tubing prepared by the viscose process. 1-g in. flat width (A. H. 
Thomas and Co., No. 446.5-A2). was used for the membrane in 60”” ethanol as solvent. In a 
typical experiment 150 mg of crambin in tubing having a 50-ml volume was dialyzed for 206 hr 
against 500 ml of solvent changed twice daily. Estimation of the weight of crambin that had 
passed through the membrane was: 35, 5X. 73, 89. 102. and 10s mg at 34. 48, 72. 96. 139, 
and 182 hr, respectively. After 206 hr, 19 mg of solids remained inside the membrane. 

Ultraviolet absorption curves uere obtained from a Gary recording spectropbotometer. 

23 G. S. Amwx and M. E. ROBINSON, B~oAv~r. J. 24,993 (1930). 
x T. L. MCMEEKIN. M. L. GROVES and N. J. HIPP. J. Ant. Clw~x SW. 71.3298 (1919). 
I5 T. L. MCMFEKIN, 111. WmNshY nnd M. L. GIU~S, Bioc-htw. Ew/~l~w. Rcs. C’onrr~r~or. 7. 151 (1962). 
x K. E. V~HOLDE and R. L. BALDWIN. J. P/IQ-L Chem 62, 714 (19%). 
” A. J. SOPHIAWM)I IDS, C. K. RHOIX~, D. N. HOI corm and K. E. VWHOLIX. J /CO/. C/ICW~. 237. 1107 

(1962). 
In H. K. SCHACHMAN, Ultfaceltrri/lmlctlorI i/r &ochemr.w~ , Acndenw Press. New York ( 1959). 
1g D. H. SPACKMIN, W. H STEIN nnd S. M~ZIKE. rluul Chcm. 30. I190 (1958). 
x1 E SC.HR.\BI. S. MIRE and E. J. BM,\\wD, Biorlren~. J. 57. 33 (1954). 
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Micro-Kjeldahl nitrogens, sulfur, phosphorus, and ash determinations were run essentially 
as described by Steyermark.31 
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31 A. m, Quuntitutive Organic Mkxmnakysis, 2nd Ed., Academic Press, New York (1961). 


