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Abstract-The dlstnbutlon of free and protein ammo acids during seed development IS described for three chestnut 
vanettes Asparagme accumulation was shown to c&relate with protem blosynthesls Accumulation of free ammo acids 
takes place before that of proteins m ripening seeds A temporary decrease was generally accompanied by protein 
biosynthesis and followed by final accumulation of both protein and free ammo acids 

INTRODUCrION 

The non-protein ammo acids are well known [14] 
Although legume and cereal seeds have been extensively 
studied [S] because of their role m human nutntlon, there 
remam many seeds such as chestnuts which have been 
largely ignored Ammo acids and their by products 
asparagme and glutamme play an important part m the 
metabolism of ripening seeds since they are the precursors 
of storage proteins In the present study we report on the 
change m free and total ammo acids in ripening chestnut 
seeds at three stages of matunty 

RESULTS AND DISCUSSION 

Seed motsture content 

In order to eliminate the effect of variable moisture 
content in npening seeds, all results are given in terms of 
dry weights Table 1 shows that for all three species 
studred the most mature specimens had the highest dry 
weights A previous study [6] has consldered seed ma- 
tunty as the stage of rlpenmg at which maximum dry 
weight 1s obtained 

Nttrogen content 

In rlpenmg chestnut seeds (Table 2) the pool of free 
ammo nitrogen represents a relatively small and constant 
portion of the total cotyledon nitrogen A slight reduction 
of this pool was observed m the three species studied at the 
second stage of maturity, followed by an increase at the 

Table 1 Dry we&t of seeds (g/100 g) of fresh chestnuts 

Stage of maturation 
1 2 3 

Do&e de Lyon 442 466 47 
Sauvage des Cars 494 49 495 
MaravaI 74 38 43 445 

Table 2 Dtstrtbutlon of mtrogen m rtpemng chestnuts seeds 
expressed as mg N/g of chestnut dry wt (edible part) 

Stage of 
maturation Total N Ammo N 

Do& de Lyon 1 119 06 
2 94 0 53 
3 112 07 

Sauvage des Cars 1 85 08 
2 112 066 
3 99 016 

Maraval 74 1 73 044 
2 895 040 
3 118 102 

final stage this implies ammo aad mcorporatlon into 
proteins It IS well known that m maturing seeds such as 
the pea [7, 81, accummulatlon of free ammo nitrogen 
takes place pnor to accummulation of storage proteins, 
and it has been shown [9] that massive accummulatlon of 
free ammo acids 1s generally associated with reduced 
growth and with the resultant decreased demand for 
nitrogenous compounds to build proteins 

Free ammo actd content 

Among the more mterestmg varlatlons m the level of 
free ammo acids (Table 3) the followmg were notable Asp 
increased m the third stage of matunty The level of 
asparagne and y-ammobutyrate varied Cystme became 
detectable during maturation Ormthme IS low and it was 
often undetectable at maturity [lo] Other ammo acids 
showed no notable vanatlons 

Ammo acid content of protems 

Table 4 shows the change m ammo acid content of 
proteins dunng maturation Some losses are known to 
occur during the hydrolysis procedure tryptophan 1s 
totally destroyed, asparagme and glutamme are respect- 
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Ammo acids of npenmg chestnuts 2455 

Table 5 Amounts of &fferent mtrogen compounds dunng seed development expressed as mg/g dry wt 

wi 
Stage of Free 

maturation Protein ammo acids Asn Gln Free Protem Total GABA 

Do&e de Lyon 1 70 57 38 048 009 005 3 36 341 092 
2 55 42 3 32 054 006 003 263 266 080 
3 65 62 438 12 005 004 266 2 70 076 

Sauvage des Cars 1 4806 5 058 105 030 023 151 174 032 
2 65 86 4 143 088 010 013 2 16 229 053 
3 57 12 4751 074 008 03 26 290 108 

Maraval 74 1 42 86 2764 014 009 009 165 174 031 
2 5340 2544 061 004 008 239 247 025 
3 67 31 6 435 244 009 023 283 306 052 

ively converted to asparttc acid and glutam~c acid, and 
cysteme to cystine In the three species tested asparttc acid 
and isoleucme are higher m the third stage than m the first 
one Argmme increased m two species only: Sauvage des 
Cars and Maraval74 The other ammo actds showed no 
stgmficant changes This slight variations m the ammo 
acid composttion of proteins came as a surprise because 
of prevtous work [lo] showing a biosynthesis of basic 
proteins dunng maturation of Castanea satwa Even more 
mterestmg 1s a study of the content of four nitrogen 
compounds asparagme, glutamme [11-131, argmme 
(which are important m the synthesis of seed proteins) and 
y-ammobutyrtc acid, which was considered because it 
represents an unportant portion of the free ammo m- 
trogen (Table 5) Asparagme and argmme availability and 
protein biosynthesis seem to be closely related, ie m 
Maraval 74 protein accummulation and asparagme con- 
centration increased from stage 1 to stage 3 Asparagme 
has already been shown to be a key element of seed 
nitrogen metabolism m lupm seeds [l l] and m maturmg 
cotyledons of soybean in culture [12] Developing seeds 
need to obtam the nitrogen reqtnred for storage protein 
synthesis and a large portion of this nitrogen probably 
comes from asparagme Less obvious 1s the role of 
glutamme m chestnuts seeds smce its level is low Total 
argmme decreased m Don% de Lyon and also proteins, 
whereas m the two other varieties they mcreased The level 
of y-ammobutyrate varted A high level of this compound 
was found m the pool of free ammo acids for the two 
varieties of Castanea satwa m the thud stage of matunty 
(17 4 % m Doree de ‘Lyon, 22 71% in Sauvage des Cars) 
This came as no surprise because of previously published 
work 1141 The role of y-ammobutyrate m maturing 
chestnut seed is not evtdent y-ammobutyrate accum- 
mulatton has been described as a response to anoxia [15] 
and as an index of cessation of growth and mmbttion of 
protein synthesis 1161 It was first detected m dormant 
cells of potato tubers [9] and then shown to be widely 
distributed m the plant kmgdom [l] It could be taken as 
an indication of a dormant state m chestnut seed but the 
present work shows a high level of thts compound m 
germmatmg chestnut cotyledons The role of y-ammo- 
butyrate m chestnut remam unexplamed but its high level 
in Castanea satwa may be important for the development 
of this seed As stated recently by Rosenthal [4] “its 
overall physiologkzal function in the plant 1s only poorly 
understood” 

EXPERIMENTAL 

Plant materutl The three samples were collected m Lunousm 
(France) m autumn 1982 Costunea satlva var Do&e de Lyon, 
Castanea satzva vat Sauvage des Cars, Hybnd Castanea crenata 
x Castanea sattva Maraval 74 Three stages of matunty were 

defined as stage 1 seeds collected on tree (ten weeks after 
flowenng), chestnut husk closed, chestnut pencarp wtite, stage 2 
seeds collected on tree (11 weeks after tlowenng), chestnut husk 
open, chestnut pencarp brown, stage 3 complete matunty 
chestnut collected on the ground twelve weeks after fiowenng 
The different stages were preserved by freezmg ( - 15”) before 
use 

Dry we&t Determmatlon of the moisture content was 
performed wth a Cenco moisture balance Moisture percentage 
allowed determmatlon of dry wt lOO-HtO% = % dry wt 
(sample 5 g m duplicate analysis) 

Nztrogen content The standard KJeldahl method was used for 
the detemunahon of total mtrogen in frozen samples In this 
study protein nitrogen IS defined as the ddferepce between the 
total nitrogen and ammo (and amldo) nitrogen 

Free ammo acuis (+ Asn + Gln) extractIon and determmatlon 
Extraction was performed by crushmg an ahquot of 5-10 
chestnuts (lOg/3Oml) m HCl lOmM, the three extracts were 
deproteuuzed Hnth sulfosaltcyhc acid (3 % w/v) and ammo (and 
amldo) actds determmatlon was performed by reactlon using 
nmhydnn [17], values m Tables 3 and 4 are the means of 
duplicate analy.sB Extracts were then coned by evaporation In 
Vlskmg tubing (+ 49 to about 5 mg/ml ammo (and amldo) acids 
were deternun with a Technicon NC 2P system as described 
previously [ 141 

Protern extractton and amino acid analysis Protem estimation 
was calculated as follows protein = (total N x 6 25)-free ammo 
acids Extraction was performed by crushing chestnuts 
(10 g/30 ml) m M NaCl @H 7) 3 tunes successwely Proteins were 
precrpitated by sulfosabcyhc acid, collected by centnfugatlon, 
then hydrolysed by heatmg m 6 M HCl for 24 hr at loo” Protein 
hydrolysates were analysed usmg the Technicon NC 2P system 
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