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Abstract-Four sub-umts of vlcdm were separated by sodmm dodecyl sulphate gel electrophoresls and their 
molecular weights determmed by cahbratlon The ammo acid compowtlon of vmhn was determined by 
ion-exchange chromatography and by other methods for half-cystme and tryptophan Tryptlc peptlde 
maps and N-terminal analysrs followmg cyanogen bromide cleavage, were used to deduce a chenucal 
molecular we@ of vlclhn of 100-130 x IO3 These structural results on v&n are dlscussed m relationship 
to its blolopcal role 

INTRODUCTION 

THE SEED storage globulins of legumes have been classlcally dlvlded mto two fractions, 
legumm and vlcllm ls2 In a previous paper, legumm from broad beans has been shown to 
be a homogeneous protein with a complex structure 3 In this paper we report the results 
of a similar investigation of vlcilin 

RESULTS 

The purity of preparations of vlclhn from Vicza fuba was exammed by polyacrylamlde 
gel electrophoreas. With acrylamlde concentrations between 4.2 and 7-5 %, vlcdm migrated 
m the gel as a single band (Fig 1) However, the width of the band was so great that it was 
unlikely that only one component was present, nevertheless, no fractlonatlon of this band 
was achieved using a variety of experimental condltlons. When S-carboxymethyl vlclhn 
(CM-vlcdm) or vlclhn preparations contammg 1% (v/v) 2-mercaptoethanol were subjected 
to sodmm dodecyl sulphate (SDS) gel electrophoresls, four mam bands (sub-umts) were 
observed (Fig. 1). The molecular weights of these sub-units, determined by cahbratlon, were 
66,000,60,000,56,000 and 36,000, and dye-bmdmg measurements mdlcated that they were 
present m about eqmmolar proportions, traces of other polypeptldes were also observed 
on the orlgmal gels Correspondmgly, vlclhn contained four different N-terminal ammo acids 
m maJor yields together with several others m much lower yields (Table 1) 

The ammo acid composltlon of vlclhn was determined by ion-exchange chromato- 
graphy of acid hydrolysates of CM-vlcllm (Table 2), and by other methods for half-cystme 
and tryptophan. A very large discrepancy m the values for the total half-cystme content 
was found between the cystelc acid and the S-carboxymethyl cysteme methods (Table 3). 
Exammatlon of hydrolysates of performlc-oxidized vlclhn by h&voltage paper electro- 
phoresls at pH = 2 showed the presence of three substances, which moved towards the 
anode One of these was cystelc acid, the others had moblhtles the same as those of the 

* Present address Department of Bmchemlstry, Trmlty College, Dubhn, Republic of Ireland. 

1 T B OSBORNE, The Vegetable Proterns, Longmans-Green, New York (1924). 
‘C E DA NIELSSON, Bzochem 3 44,387 (1949) 
3 C J BAILEY and D BoULTER, Eur J Bzochem 17,460 (1970) 
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FIG 1 ACRYLAMIDE GEL ELECTROPHORESB OF NATIVE VICILIN 

(a) On 7 5 % gel (run with a spacer gel) (b) On 4 2 % gel (no spacer) 

FIG 2 SDS GEL ELECTROPHORESIS OF CM-VICILIN AND CM-GLOBULIN 

(a) CM-vmhn (b) CM-glob&n, the arrow mdxates the band which IS common to both 1egumm3 
and vlclhn 

TABLE 1 N-TERMINAL ANALYSES OF WXLM PREPARATIONS 

Preparation 
Dansyl ammo 

acids found 
N-termmal ammo 

a.clds deduced 

Vlclhn 

Leu3+,Thr3+,%2+, 
bls-Lys 2 + , Asp + , Glu + , 
Valstr,Glystr, 
Alastr,o-Tyrvg, 
c-Lys v g 

Leu, Thr, Ser, 
LYS 

CNBr-cleaved, 
succmyl CM-vlcllm 

Leu 3+, Val +,%x2+, 
Thr2+,+L~s2+, 
o-Tyr 3+ 

Succmyl CM-wcdm 

Succmyl CM-vicdm 
(CNBr control) treated 
with formic acid 

E-Lys + 

Seri-,Thr+, 
E-Lys 2 + , o-Tyr 2 + 

Leu, Val 

The fluorescent mtensltles of the spots are classtied on the followmg scale v g (very 
great), 3+, 2+, + , s tr (strong trace), tr (trace) Intenstties below + are not usually con- 
sldered slgmficant 
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TABLE 2 Awe ACID ANALYSIS OF HYDROLYSATW OF CM-WCILIN 

Ammo acid 
Recovery 

(g ammo acid residue/100 g protein) 

Aspartlc acid 
Threonme 
Serme 
Glutamlc acid 
Prolme 
Glycme 
Alamne 
Vahne 
Methlonme 
Isoleucme 
Leucme 
Tyrosme 
Phenylalanme 
Lysme 
Wstidme 
Argmme 

20 hr 
101 f 125 
262&014 
432 *021 

17 05 f 0 25 
625 f 025 
264fOO4 
240&017 
459 *049 
019*001 
4 77 + 0 21 
8741008 
3 73 + 0 10 
565 + 008 
738fOOO 
235 zk 007 
833 rtOO3 

70 hr 
123 &07 
258 &003 
306fO17 

171 *02 
567&044 
2 98 f 0 03 
265 1004 
535 *too3 
020~002 
573kOl 
971 f002 
267 f 003 
683 ho02 
825 &022 
272fOOO 
921&009 

91 11 97 01 

The figures are the mean values of duplicate analyses after hydroly- 
SIS m 6 N HCl at 108” zn OUCIU) for the stated times 

products obtained by sulphate estenficatlon of threomne and serme 4 As all these com- 
pounds are eluted at the same positron on sulphomc acid resms,4 the ‘cystelc acid’ content 
of performlc-oxidized vlcllm must be an over-estimate of the half-cystme; for this reason 
the total half-cystme value obtained by determination of half-cystme as S-carboxymethyl- 
cysteme has been preferred (Table 4). 

Carbohydrate analysis showed that vlclhn contained small but slgmficant quantities 
of neutral sugars (O-5 % w/w) and mslgmficant quantltles of hexosammes (10.2 % w/w). 

TASL~ 3 CYsTsINE AND TOTAL HALF-CYSTME CONTEm OF VICILIN 

Method 
Amount measured 

(g ammo acid residue/ 
100 g protein) 

Total half-cystme as S-carboxymethyl 
cysteme* 

Total half-cystme as cystelc acid 
Cysteme by DTNBt tltratlon 
Cysteme by DTNB titration m the presence 

of 1% sodium dodecyl sulphate 

013 f005 
083 &to05 

000 

000 

* Mean value of duplicate analyses for 70 hr and a smgle analysis 
of 20 hr hydrolyses 

t DTNB Di-throblsmtrobenzolc acid 

4 K MURRAY and C M~~IN, Baochem J. 105,491 (1967) 
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TABLE 4 THE AMINO ACID COMFO~ITION OF VICILIN 

Ammo acid 
Content* 

(g/100 g protem) (mole/105 g protem) 

Aspartlc acid 12 3 
Threonmef 2 62 
Scnnet 4 77 
Glutamlc acid 17 1 
Prohne 6 25 
Glycme 2 98 
Alanme 2 65 
Valine 5 35 
Metluonme 0 20 
Isoleucme 5 73 
Leucme 9 71 
Tyrosmet 4 10 
Phenylalanme 6 83 
Lysme 8 25 
Hlstldme 2 72 
Argmme 9 21 
Cystme/ 0 13 
Tryptophanf 00 

100 90 

107 
25 9 
54 8 

133 
64 4 
52 3 
37 2 
54 1 

15 
507 
85 9 
25 2 
46 5 
64 4 
198 
59 2 

13 
0 

* The highest values from Table 2 have been taken unless other- 
wise stated 

t Extrapolated to zero time 
$ Tryptophan was detennmed by spectrophotometnc tltratlon with 

N-bromosuccmmmrde,s UV analysis by the Goodwm-Morton methods6 
and colonmetncally,7 the values obtamed were O(<O 04x), 0 17 % 
and 0 07 ‘A In view of the ddlicultles of tryptophan analysis m the 
presence of high molar ratios of tyrosme and of the occaslonal false 
positive result recorded by the colonmetnc method (e g ref 8), we 
have preferred the result from N-bromosuccmumde titration 

About 125 nmhydrm-posltlve peptldes were resolved m peptlde maps of tryptlc digests 
of CM-vlahn Autoradlographs of the peptlde maps prepared from similar digests of 14C- 
carboxymethylated vlclhn and 12C-carboxymethylated-35S-vlc~lm were complex although 
slmllar, about 30-40 peptldes had some radloactlvlty m both the 14C and 3sS preparations, 
but none were sufficiently actlve to be major peptldes 

When the N-termmal ammo acids of CM-vlahn were first blocked by succmylatlon and 
the preparation digested by the methlonme-specific CNBr method, four N-termmal ammo 
acids were found (Table 1) Succmyl CM-vlclhn contamed only blocked N-termml, but 
after treatment of slmllar preparations with formic acid as a control of the CNBr reactlon, 
N-termmal serme and threonme were present It appeared therefore, that these ammo acids 
were released by the actlon of formic acid, and that CNBr treatment itself releases only 
N-terminal leucme and vahne as a consequence of methlonyl peptlde bond cleavage. 

’ A PATCHORNIK, W B LAWSON and B WITKOP, J Am Chem Sot 80,474J (1958) 
’ T W GOODWIN and R A MORTON, Blochem J. 40,628 (1946) 
’ J R SPIES and D C CHAMBERS, Andyr Chem 20,30 (1948) 
s E A NOLTMANN, T A MAHOWALD and S A KUBY, J Btol Chem 237,1146 (1962) 
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DISCUSSION 

The very wide diffuse band obtamed on gel electrophoresis of vlcihn is not typical of a 
pure protein. However, since it was found imposstble to fractionate the protein of the band 
by variation m the experimental conditions, it IS unlikely that protein impurities were the 
reasons for the phenomenon Rather more likely are the possibrhtres that vicihn IS either a 
complex mixture of related proteins, or that during electrophoresis complex association/ 
dissociation reactions took place between vicihn molecules or sub-umts. Exammation of 
the dissociated vicilm on SDS gels and N-terminal amino acid analyses showed that four 
sub-umts were present m sign&cant quantities, and that other polypeptides were present m 
such smaller quantities These latter are impurrties m the sense that they could not be present 
m other than trace molar quantities m a native molecule having a molecular weight of 
186,000 daltons. 

Furthermore, the large number of cystme peptides observed on autoradiography of 
r4C and 35S-tryptic pepttde maps is not consistent with a simple protein contammg only 
1.3 mole of half-cystme per lo5 g (Table 4) The observed pattern could only arise from a 
complex mixture of cystme-contammg impurities, each present m a small quantity. It 
seems likely that the approx. 2.4 residues per mole of half-cystme mdicated by the analysis 
of vicihn (Table 3), are not present m the major sub-unit polypeptides. In considermg 
autoradiographs of the r4C- and 3sS-tryptic digest maps, these should be similar with 
respect to the cystme peptides but the 3sS map should also contam methionme peptrdes 
known to be present from the CNBr cleavage experiment However, no differences corre- 
spondmg to methtonme peptides on the 3sS map were observed, probably because the 
specific activity of metluonyl-3sS was only 0 04 relative to cystmyLJsS after labellmg ~1 uwo 
usmg the cotyledon shce system. 9 It IS of interest to note that both zn zxtro and m duo 

labelhng gave the same results. 
The most likely impurity to be present m the vlcihn preparation is the similar storage 

protein, legumm. Tlus however, was not present, since its characteristic 23,000 dalton 
polypeptide3 was absent from the SDS gel of vicilm (Fig 1) Comparison of this gel with 
that of Fig. 1 of Ref. 3 shows that both proteins have a sub-umt of molecular weight 56,000. 
This band was not resolved mto more than one component when total globuhn samples 
(1 e. mixtures of victhn and legumm) were submitted to electrophoresis Several workerslo*” 
have suggested that legumm and vicilm are similar, and the present results give a possible 
molecular explanation of the similarity, although it remains to be shown whether or not the 
56,000 component is identical m both proteins 

A number of workers have measured the molecular weight of vicilm as 186,000 2*12 
The molecular weight sum of the four sub-units observed on SDS gels m our experiments 
IS 219,000 Clearly the physical unit observed m the ultracentrifuge cannot contain stoichi- 
metric quantities of all four components Of the possible explanations for this dtscrepancy, 
simple heterozygosity seems unhkely m view of dlffermg molecular weights of the observed 
sub-units, but the evidence is consistent with the view that vicilm IS polymorphic Complex 
polymorphism might explain the diffuse band found on gels. 

The observed numbers of tryptlc peptldes (approximately 125) and of new end groups 
followmg CNBr cleavage (two), both suggest a chemical molecular weight of about lOO- 
130,000. As this IS much less than the value of 186,000 from physical methods, it indicates 
g C J BAILEY and D BOULTER, Planru 95,103 (1970) 

lo J KLXWZ and V TURKOVA, Blologla PI 5,29 (1963) 
I1 P. JACKSON, D E~XJLTER and D A THURMAN, New Phytol 68,25 (1969). 
I2 A D SHUTOV and I A. VAINTMW, Bzokhrmlyu 31,726 (1966). 
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that the four major polypeptrdes contam extensive regions of rdentrcal ammo acid sequence 
In view of this chemical evidence, the four crstrons which code for vrcrhn are probably 
related The observed complexrty of the protein could be explained at the genetic level by 
duphcatron(s) of existing gene(s) with subsequent independent development. This process 
of gene duphcatron could have a selective advantage for the plant Thus, the developing 
cotyledon ma&y synthesrses storage protein which represents a large proportron of the 
total protein synthesmed and the possessron of multrple genes coding for storage protein 
could be useful m maxrmtzmg the rate of seed development Duphcatron of genes and parts 
of genes seems to have occurred frequently during evolutron l3 

Other workers have also reported evidence of vrcrlm heterogeneity. Most notably 
Vamtraub, Shutov and Khmenko, I4 have fractionated vrclhn from Vzcza sativa and V. 
ervzlza, the fractronatron of v&m from Pzsum satzvum 1s also reported I5 Further studies 
are needed to produce a sattsfactory brochemrcal descrtptron of the storage globuhn known 
as vicihn 

EXPERIMENTAL 

Seeds of Vzcza f&z L (var Triple White) were obtamed from the Tyneslde Seed Stores Plants were 
grown from &us seed m the Umverslty Botamc Garden, Durham, dunng the summer of 1969 

Purtficutzon of or&n Thts started from the punfied globuhn fraction described previously 3 The total 
precipitate at 70 % (NI-I.&SO~ saturation from 300 g of seed, was suspended m 0 2 M NaCl(l1.) and a&us&d 
to pH 4 7 with acetic acrd After clanficatlon at 23,000 g for 1 hr, the solution was &alysed overmght 
agamst tap H20, then for 2 days with 2 changes of dlstdled Hz0 The globuhn preclpltate was taken up m 
0 2 M NaCl (1 1) at pH 4 7, centnfuged and cfialysed as before This lsoelectrlc preclpltatlon and dlalysls 
cycle was repeated a further two times, and the final vlclhn preclpltate was freeze&& 

Analytrcal methods The techmques used for ammo actd analysis,’ N-termmal analysn,3 acrylamrde gel 
electrophoresls.3*16 pephde mappmg,16 radlolsotope labelhng m ulvo urlth 35S-sulphate,3*9 carbohydrate 
analysrs,3 and carboxymethylatlon of protem with lodoacetate,3 are described m previous papers as mdxated 
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