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Abstract-Proteins from Pisun suricum seeds with a wide range of protein contents were compared with regard to 
amino acid composition. The amino acids were determined with a high degree of accuracy in six different hydrolysatcs 
for each of the 33 samples studied. The rcsutts showed that the composition of the extra proteins deposited in the 
medium 10 high protein seeds remains perfectly constant regardkss of the protein level. growth conditions or genotype 
of the peas. 
--_-~_ ----- 

Tbc rates of proteosynthuis and accumulation of seed 
storage protein can change widely in Pisum species 
depending on growth conditions [ 1,2], seed location in 
the plant 133 and possibly genotype [2,43. These vari- 
ations result in seeds with very different protein contents. 
It has been shown [l-4] that even for pea seeds at the 
same stage of development, protein content (6.25 N)can 
vary from IS to 407; of the seed dry weight. Despite 
several detailed studies of the major storage fractions 
ascumula~ed in pea seeds (see rcfs. [5.63 for reviews), the 
composition of the extra proteins deposited in high 
protein seeds, when compared to that of low protein suds_ 
has not, until now, betn invcsGgatcd for any spe5cs. In 
order 10 characterize the supplement of proteins de- 
posited in high protein seeds, the amino acid compositions 
of 33 seed sampks of round garden pea sckctcd for their 
regular distribution over a wide range of protein content 
were determined with the maximum accuracy now 
availabk. TIM was done for 14 sampks of the same 
genotype which differed in protein content, as well as for 
one to five sampks from each of ten other varieties. The 
variation in total seed protein composition allowed us :o 
determine thecomposition of the extra proteins deposited 
in high protein seals. 

RESULTS ASD DISCUSlON 

The II different varieties investigated for their seed 
proteins (ten from Pisum soticwn L. and one from P. 
rranscawasicum L. the number of sampks analysed and 
the total nitrogen contcn( (N)of the sampks arc set out in 
Tabk I. This tabk shows that the N range of the first 
variety (Amino) overlap@ the ranges of the six following 
varieties. each represented by one to five different sampks. 
The last four sampks (and varictics) gave the highat N 
values. 

For each protein amino acid (i) dclcrmincd, its kvcl (0,) 
in the seed (in g of amino acid nitrogen per 100 g of seed 

*To whom corrcspondcnc~ rhoukl be addressal. 

dry wt) was plotted as a function of N. The results for 
lysinc arc shown in Fig. I. It can be seen that D,, is a 
linear function of N. The same result (not shown) was 
found for each of the other protein amino acids of pea 
seeds, meaning that equations such as D, = qN +fi, 
aazount for variations of D, with N, a, being the slope of 
the regression line of the i-th amino acid and /& its 
intercept with the ordinate. Rather than giving an cxtcns- 
ivc table of the amino acid compositions of the 33 seed 
sampks analyscd, the values found for these coefficients 
arc reported in Tabk 2. with the corresponding cocf- 
ficicnrs ofcorrelation t,. It should be noted that the latter 
have values of CQ 0.97 or greater with the exceptions of 
tyrosinc, tryptophan, mcthioninc and cystcinc, which arc 
~ypkally dimcult to analyst. In other words, the values of 
r, arc an index of the accuracy of the amino acid 
determination rather than an index of the linearity 
between D, and N. 

As far as free amino acids and non-protein compounds 
arc concerned. according 10 the literature data [7]. these 
correspond to a low percentage of total nitrogen in pea 

Table 1. Varictia iovc~tigaIed, number of s&d sxm- 
plcs analysad and ranp of nitrogco pcrccntngc (on a 

seed dry matter basis) 
--- 

Nitrogen conten 
No. of ..__ -- 

variety =mPh from f0 

Amino 14 2.84 4.36 
ViXKkvil 3 299 3.88 
Fmak 5 3.29 4.26 
FfUMS 3 3.49 4.13 
Miranda 2 3.58 3.67 
570 1 4.36 
Midiva 1 4.40 
H4 1 4.40 
TrUUC&&Um i 4.72 
GUlliVClt 1 4.86 

Fm &a gourmets I 5.15 
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Fig. 1. Variation of amino acid content D,,, (g of Iysine 
nitrog+n~itXlg se& dry matter) as a func:ion of totai sad 
nitrogen percentage !V (on a dry matter basis). 0 -0 variety 

Amino; 0 0, other var&cs. 

seed and can be neglected as a first approximation. Thus 
the existence of relationships between D, and M becomes 
apparent for the protein amino actds in pea seed: as 
protein accumulates, the kvel of each protein amino acid 
can only increase. Theoretically, the kvei could remain 
constant, provided that all the polypeptide chains de- 
posited were devoid of one or more amino acid(s). But, 
realistically, such a deficiency cannot occur in more than a 
very small number of polypeptida. Hcna, as protein 
accumulates, seed nitrogen kvck increase and arc in- 
evitably bound to protein levels. However, the nature of 
the relationships between D, and N is not obvious. In a 
study dealing with a singJe pea variety. Eppendorfer and 

Tabk 2. Slope (a,), intercept (B,) ( t rd.) and correlation coef- 
ficmt (r,) of regression hnes representing ammo acid nitrogen 
content (D,) agamst nurogen content (N), both expressed in 

g 100 g of seed dry matter 

Ammo rr, : s.d. 1, + s.d. 
acid x l(r x 10’ 

GlY 4042 10 407240 
Ala 335 5 19 349237 
Val 3162 12 217t49 
Leu 448% 12 115246 
Ik 250% 12 189248 
Ser 3572 II 197244 
-nx 194rf 330229 
TYr 109z7 224 2 28 
Phc 1%~8 242 = 32 
-frp 6625 13~21 
Pro 2902 12 150249 
Met 44?3 61 f 12 
Cys 4327 256r27 
LYS 716: 17 685+66 
His 413 f 12 1249 
Ar8 3126 2 135 -4813r537 
ASX) 815,19 - 272 2 74 
GIX, 1068r I9 - 272 + 14 
KH,: 839 r 32 -2501 126 

‘Signdicance kvcl of I,: 0.55 (P = 0.001). 
tOPkuhtcd as Asp and Glu, respccttvcly. 
SAmide nitrogen calculated as E;H$. 

r,* 
Y IO” 

990 
988 
917 
990 
966 
985 
978 
939 
975 
913 
973 
935 
753 
992 
986 
972 
991 
995 
919 

-- 

Bill [ 1 J could not decide &wan a first or second degree 
equation for these relationships, whereas others [43 were 
favourab)y inclined towards a second degra quanon and 
pssibk variations in co&icknts depending on variety. 
Relationships with protein content have already been 
published for the sulphur amino acids [S. 93. The present 
results show that the relationships betwan D, and N are 
perfectly linear for all the protein amino actds. Among the 
set of seeds analyscd. cakuktions were made in order to 
determine whether significant deviations could be found 
between regression lines for the subset of the 14 sampks 
of variety Amino (Fig. I) and regression lines for the 
subset of the 19 other samples corresponding to ten other 
varieties (Fig 1). These cakuhtions showed that devi- 
ations between the two subsets were not significant for 
any of the protein amino acids. Therefore, contrary to 
what has so far been assumed or suggested, any condition 
abk to modify N, whether or not genetic in origin. 
corresponds to the same changes in amino acids. 
Furthermore, since the relationships are linear. the same is 
true for any mixture of grains of either the same variety 
with different N or even of different varieties: in any tax, 
amino acid compositton can be predicted from N. 

This linearity allowed us to determine the amino acid 
composition of the extra proteins deposited when passing 
from low to high protein seeds. Let us consider two seed 
samples differing in their nitrogen content. N, and N, 
(> N,). The corresponding amounts of the i-th amino 
acid in the seeds are D&N,) and D,(N2), respectively 
Hence the amino acid content of extra proteins ac- 
cumulated when passing from the first to the second 
sample and expressed in g of ammo acid nitrogen per g of 
extra protein nitrogen is qua1 to the ratio [D,(N,) 
-D,(N,)]/(Nz - .V,). This ratio is itself equal to a,, which 
means that it depends neither on N, nor on Nr. This 
shows that the amino acid composition of extra proteins 
accumulated in pea reeds higher in protein than the lowest 
protein seeds remains constant regardkss of the seed 
protein content. As far as we know, this is the first time 
that such a constancy of composition has been 
demonstrated. 

It can be assumed that the-se extra protetns consist of a 
mixture of the thra major protein fractions of pea seed 
(albumins, kgumins and vicilins). On the one hand, the 
ratios of these fracttons in round pea seeds can bt 
calculated from literature data with N values ranging 
from 3 to 5 “4: co 40 Tf; kgumins. 35 y0 vicilins and 25 o/6 
albumins [IO]. On the other hand, the ammo acid 
compositions of these fractions have recently been de- 
termined for albumins [ 111. For the two globulin frac- 
tions the com~sttions can be deduced from the nuc- 
kotide squences of kgumin [ 121 and vi&in [ 133 cDNAs. 
Although the deduced compositions concern single poly- 
peptide chains, they arc in cxcelknt agramcnt with those 
directly determined from total kgumins and total vicilins 
[IS). They have thus been used for the present discussion 
and reported with albumin in Tabk 3 together with the 
cakulated composition of a mixture roconstitutcd (CM) 
from the thra major storage protein fractions. alon&Je 
extra protein (EP) composition as determined in the 
present study. The latter two compositions are similar 
with only small deviations for a few ammo actds. Only 
arginine shows a signiharnt difTerence which can be 
explained by its very high kvtl in the fra amino acid pool, 
corresponding to CLI 7% of total seed nitrogen (un- 
published results). This confirms that extra proteins 
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Tabk 3. Composttions of the three trujor fractions of storclge 
proteins from the pea seed: kgumins (Leg), vicihm (Vie) and 
albumms (Alb) cakukted from refs. (12). [ 131 and [ll]. 
respectively. Companson of a cakulated mixture (CM)* of theu 
three fracttons with extra protctns (EP). All data are given in 

residues per loo0 residues 

MaJor fractions 
Amtno _ .___ ..- 

acd Leg Vtc Alb CM EP 

Gly 75 47 101 72 66 
Ala 71 47 93 68 54 
Val SO s9 56 55 51 
Lt.U 73 99 49 76 73 
Ik 42 54 39 45 40 
Ser 59 88 66 71 58 
lhr 30 26 62 37 32 

Tyr 24 24 31 26 18 
Phe 42 52 38 45 32 

Trp 6 0 II 5 5 
Pro 48 43 53 48 47 
MCI 8 0 11 6 7 

CYS 10 0 n.d. 41 7 
LYS 44 66 82 61 58 
His m I2 m 17 22 

Arg 97 62 37 70 126 
Asx 123 141 122 129 132 
<ilX 177 I80 129 I66 173 

l Cakuktcd mixture - 0 4 x fzg + 0.35 x Vie + 0.25 Y Alb. 
t Minimum value. 
nd., not determined. 

consist chiefly of a mixture of the major storage protein 
fractions of pea seed. with ratios practically remaining 
constant, contrary lo lolal sad proteins. 

In spite of the limited number of varieties involved in 
the present study, we suggest that the values of the 
coetients z, and @, are quite 8encral and can be extended 
to all round seeded varieties of P. sutinunt. This ts. all the 
more plausibk because homologous results have recently 
been found with maize seeds [IS]. There are, of course, 
some rare exceptions corresponding to two different kinds 
of events. Sulphur deficiency has been shown lo result in 
significant modification of sad storage protein com- 
position [l&18]. It is then difficult to predict such a 
modification. In addition lo this phenotypic occurrence, 
biochemical mutants of P. sariuum will probably fail to 
conform to the relationships discovered in the present 
work JUSI BS do opaque-2 or floury-2 mutants of maize 
when compared to normal maizes [193. 

Two conclusions can be drawn on the deposition of 
storage proteins. h-sl, as protein accumublion in kgume 
sands displays sigmoidal kinetics. and the time courses for 
each of the storage proteins/g dry WI of seed [ZO] exhibit 
maxima which differ according to the slora8t protein 
frwtion as well as to the final amount of protein 
accumulated, the present results show that the ratios 
between the maxima of each storage protein fraction 
remain constant regardkss of the growth conditions and 
genotype of P. sutirum. This means that a very tight 
developmental regulation of slora8c proteins occurs, by 
mahantsms already discussed by Boultcr and co-workers 

[S, 211. Second, it can be noted that extra proteins 
accumulated in pea seed are particularly rich in hi8h 
nilrogtn amino acids. It is known that most proteins have 
a nitrogto cootcot of co 16% (s of nilrogeo per 100 8 of 
proteis i.e. 1008 of amino acid residues). In fac& this 
percentage varies widely dqxnding oo lbe amino s&d in 
question. It is equal to 16% for serine (~8. seryl residues) 
but is tower for I2 other amino acids, dropping to 8.6% 
for tyrosine, while it is hi- than 19.5 O/, for seven amino 
acids: ar8mine (35.9 YO), hi&dine (30.6 %A asparagine and 
glycine (24.6 %), glutamine and lysine (21.9 %) and alanine 
(19.7%). Significantly. six out of these seven (histidinc 
excepted) are those that exhibit the h@est molar ratios in 
extra proteins (with the exception of kucine). In other 
words, everything occurs as if the pea seed was storing the 
highest possibk amount of nitrogen in the minimum 
number of moles of amino acids. This trend is curiously 
convergent with the suggestion that seed storage proteins 
are packed together in the smallest possibk volume. as a 
direct consequence of their tertiary and quatemary slruc- 
tures [6,22]. 

Mafmal. The sucl sampks tnvestigated were taken from 6&t- 
grown garden peas cultivated in diverse locatioos and con&ions 
under thecontrol of the French To~hntcal institute of Cereals and 
Forage (I.T.C.F.) They were sckcted for tbcir distribution over a 
wide range of protein content, for a given vancty (such as Ammo) 
as well as for dtffcrent varkttes (see Tabk I) The cottd~t~ons of 
seal mrnplittg and mtlling for analysis haw been prcvmusly 
detaikd [23]. 

Anolyrkaf rrurIu3d.r. Dry malta content and nitrogen content 
(microkJ&lahl) were determined in triplicate. Amide nitrogen 
corresponding to half tbc amouot of aspuagmc plus glutamine 
nitrogen was determined as free NH, obtained from a short 
hydrolysis (3 hr in 2 M HCI at Ilf). Ammo acids were de- 
tumtnal from five separate analyses made by sittgk CC of five 
dtffercnt hydrolysates: four of tbcse were acid (6 M HCl) ID or&r 
to account for losses due either IO degradation or to incompktc 
rekase (IS, 24 and 48 hr plus an 18 hr hydrolysis of a sampk 
previously oxidixul by performic acid); an extra alkaline hydro- 
lysts tn Ba(OH)* enabkd the tryptopho to bc determined tn 
triphcate. All rhc details of the methods used have been described 
in a prevtous paper [23]. 
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