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RESUMEN SPANOL, p. 33 

Changes in soluble proteins and polyamines during citrus seed 
germination. 

Abstract - Introduction . Pol yamines ami prore ins synrherizecl fro rn free amino ac ids 
are present in ail p lant cells . They are acti ve ly invo lved in ce ll division and differentia­
tion processes in a w icle range o f species. This srucly was an arrempt ro increase th e 
knowledge of rhe po lyamine and prote in conten t changes during germination of citrus 
seecl. Materials and methods. For hiochemic il characreri 1.ar ion of germinat ion , whole 
ancl w ithout seeclcoat seeds of Cleopatra mandarin mature fruits were p laced in Petri 
clishes on moistened cotton. Po lyamine - putrescine ( l'ut), spermine (Spm ) and spermi ­
cline (Spd ) - and soluble protein nitrogenow; cornpouncls we re cletermined after diffe­
rent t imes of imbibition Results and discussion. The seedcoat delayed germination for 
16 cl while fresh weight of coty ledons increa.secl cluring the process and the so luble pro­
tein contenL clecreasecl. Within the polyamines , putrescine reached the highest levels and 
spermine th e lowest. l n pee lecl mandarin seed , the protein concentration increasecl 
cluring the first 6 h , w ith a maximum at 24 h . The levels clecreasecl to a m inimum at 12 h, 
48 h and 96 h o f imbibition. Pu tresc ine w as the main po lyamine, as comparecl to sper­
rnicl ine ancl sperm ine . Conclusion. Polyamines and pro te ins ma y pla y a ro le in th e 
ea rl y stages o f germination as the changes observed show . This behaviour confirms that 
proteins ancl polyamines are metabol ica ll y relatecl (© Elsevier, Paris). 
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Évolution du taux de polyamines et de protéines solubles dans le pépin 
d'agrume en germination. 

Résumé - Introduction. Dans to utes les cellules des plantes, des po lyamines et des 
proté ines sont synthétisées â partir cl 'acicles aminés libres. Chez cle nombreuses espèces, 
ces substances sont acti vement impliquées clans la division des cellules et clans les pro­
cessus cle différenciation . L"étude présentée che rche ,) p réciser !"évolution cle ces suh­
stances lo rs cle la germination d 'un pépin d 'agrume. Matériel et méthodes. Pour c irac­
tériser les réact ions bioch imiques qui ont lieu pendant la germination , des pépins cle 
mandarines mCtres (va riété Cléopâtre), entiers ou débarrassées cle leu r tégument, ont été 
placés en boîte cle pétri sur clu coton humide. Les composés azotés cle po lya mines -
p utrescine (Put), spermine (Spm ) et spermicline (Spcl ) - et cle proté ines solubles ont été 
dosés après diverses durées clïrnbibition. Résultats et discussion. La présence clu tégu­
ment , t retardé la germ ination cle 16 cl pendant lesquels le poids frais des cotyléclons a 
augmenté alo rs que leur tau x cle pro té ine soluble diminuait ; pour les po lyamines, les 
taux cle putresc ine o nt été les plus hauts et ceux de spe rmine les plus bas . Dans les 
pépins sans tégument, la concentratio n en protéine a augmenté penda n t les six pre­
mières heures ; ell e a été maximale après 24 h d 'imbibi tion et minimale après 12, 48 et 
96 h. La putrescine a eu encore le taux le plus élevé des trois polyam ines. Conclusion. 
Les résultats obtenus montrent que les po lyamines et les proté ines po urraient jouer un 
rô le au cours des premiers stades cle la germination. Cela confirme que les métabolismes 
de ces deux types de substance seraient liés(© Elsevier, Paris) . 
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1. introduction 

Germination is a significant event 
that allows to understand the role of 
chemical composition in growth and 
development of plants. The cotyledons 
of citrus seeds contain large amounts of 
reserve proteins located in specialized 
organelles called protein bodies [l]. The 
first phase of the utilization of nitroge­
nous reserve compounds involves the 
hydrolysis of protein to free amino 
acids which are then transported and 
incorporated into the developing 
embryos . These amino acids may be 
used for the synthesis of e nzymes in 
cotyledo ns, du ri ng the growth of the 
embryos (2]. 

Polyamines and proteins synthetized 
from free amino acids are present in ail 
plant cells. They are actively involved in 
cell division and differentiation pro­
cesses in a w ide range of species [31. 
Polyamines might regulate cell division 
and promote RNA functions through 
b inding to specific regulatory proteins 
[4, 5] suggested a relation between poly­
amine binding proteins and mitotic acti­
vity in regions of cell division in leaves, 
internodes and avaries of tobacco. 
Changes in polyamine concentrations 
accompany variations in the rate of cell 
division and growth. In the early stages 
of germination, free polyamine levels 
first increase and then decrease slowly 
[6]. 

Knowledge of the role of prote ins 
and polyamines during germinatio n of 
citrus seeds is not extensive. This work 
is an attempt to increase it. 

2. materials and methods 

2.1. seeds 

For biochemical characterizatio n of 
germination , w hole seeds of mature 
fruits were placed in Petri dishes (15 cm 
of d iameter) on moistened cotton. 
Groups of 50 seeds and 17 replications 
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were used . One mL of water was added 
daily to maintain adequate humiclity, 
and germination was carried out under 
natural light conditio ns. Nitrogenous 
compounds were determined at 0, 21 , 
28 and 35 d of the imbibition. A seed 
was considered germinatecl when the 
radicle emerged. 

Another experiment with similar 
humiclity and light conditions, but after 
removal of the seed-coats, was carried 
o ut. Twelve replicatio ns of 50 seeds 
each were used. He re nitrogenous 
components were analyzecl at 0, 3, 6, 
12 and 24 h , and then every 24 h until 
144 h. 

2.2. polyamines 

Putrescine (Put), spermine (Spm) and 
spermidine (Spd) were extractecl from 
1 g of fresh tissue by the methocl of 
Flores and Galston [7]. The polyamines 
were determined using HPLC (Pharma­
cia LKB) equipment, a 4 x 250 mm, 
5 pm particle size reverse-phase (C-18) 
column, and detected at 254 nm, run 
isocratically at 64% MeOH:H70 at a 
flow rate of 1 mL-min-1 and 20-pm per 
injection. Polyamine mixtures were 
used as patterns at 1 nmol-pL-1 concen­
tration and 1,7-diaminoheptano (Merck) 
as internai standard at the same concen­
tration. 

2.3. soluble proteins 

In a cold mortar w ith 2.5 mL phos­
phate buffer solution (pH 6), 0.25 g of 
cotyledons were ground and then cen­
trifuged at 12 000 g for 10 min. Soluble 
protein was measured according to the 
Bradford method [8] using BSA as a 
standard. An aliquot of 20 pL of super­
natant was added to 1 mL of Bradford 
reagent (100 mg of Coomassie G Blue 
in 50 mL ethanol 96%, adding 100 mL 
of H3P0 4 and up to 200 mL of distilled 
wate r) . The absorbance was read at 
595 nm. 



3. results and discussion 

Figure 1 illustrates changes in fresh 
weight of the cotyledons during periods 
of germination and seed ling develo p­
me nt of unpeeled mandarine seed 
expressed as pe rcentage increase in 
fresh weight. There was an increase in 
fresh weigth o f the seed when water 
was absorbed by the cotyledon tissues, 
characteristic of an imbibition process 
during the initial stages of germination. 
On the other hand , there was a slight 
increase in the percentage of germina­
tion until 21 d of imbibition. Garcia­
Agustîn and Primo-Milio [9] described 
some aspects o f this process in Citrus 
limon. The re was an initial periocl o f 
rapid no n-metabol ic water uptake 
cluring the first 48 h. Then followed a 
second phase of slower absorptio n 
which extended from 48 h until the six­
teenth day after germination. After 16 d 
the fresh weight of cotyledons clecrea­
sed. 

In our results the fresh weight of the 
cotyleclons decreased during growth 
and development of the seecllings. This 
suggested that endogeno us substrates 
were used in respirato1y activity, as well 
as the movement of reserve substances 
from cotyledons to seecllings. 

As shown in figure 2, soluble protein 
content in cotyledons decreasecl in ger­
minated unpeeled seed cluring the 
w hole germinatio n process. On the 
other hand, no n-germinated unpeeled 
seed increased in soluble p ro te in 
conte nt w ith no table differences afte r 
21 cl when seedling development star­
ted . Proteins are recognised as the 
major form of nitrogen reserves in citrus 
seed (9]. During germination of Cleopa­
tra mandarin , seed proteins could be 
transported from reserve sites to sites 
with high metabolic activity. 

Determination of polyamine patterns 
(Put, Spm and Spd) was achieved by 
HPLC unde r the experimental condi­
tio ns described. High reproducibility 
retention time was obtained with poly­
amine standards (4.4 ± 0.1 5, 6.3 ± 0.21 
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and 9.0 ± 0.24 min for Put, Spm and 
Spd, respectively). These data allowed 
the identification of unknown peacks in 
seed extracts by chromatography. 

During germination, Put and Spd 
conte nts clecreased in cotyledons of 
germinated and non-germinated unpee­
lecl seecl for 21 cl before germinatio n 
(figure 3) . Then, in germinated seeds, 
Put remained at the same concentration 
until the end of the experiment, and , in 
non-germinated seeds, it decreased until 
28 cl, then increased; Spd dec:reased to 
a minimum at 28 d and, "frnally, increa-
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Figure 1. 
Changes in fresh weight of 
cotyledons during germination 
and seedling development 
of unpeeled mandarin seed. 
Bars represent the standard errors. 

Figure 2. 
Soluble protein content in cotyledons 
of germinated and.'t\"~n-germinated 
unpeeled mandarin seed. 
Bars represent the standard errors. 
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Figure 3. 
Polyamine content during 
germination in cotyledons 
of germinated (a) 
and non-germinated (b) 
unpeeled mandarin seed 
(Put= putrescine, 
Spd = spermidine, 
Spm = spermine). 
Bars represent the standard errors. 
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sec! in hoth germinate c.l anc.l no n-ge rmi­
nated seeds. The very lov,, levels of Spm 
shmNed no changes cluring the observa­
tion period . 

Po lya min es inc reasecl in the earl y 
stages of ge rminati o n anc.l thi s was 
shown to be a criti ca l e le me nt o f the 
initia tio n process in Phaseolus mungo 
[6]. Howeve r, the metaho lic changes in 
Cleopatra mand a rin tha t take place 
cl uring the ea rly s tages o f ge rminatio n 
anc.l the role o f the seedcoat in de lay of 
germina tio n a re no t clea r. Therefore, a 
stuc.ly at the first moment of germinatio n 
with manc.larine peelecl seed was clone . 

Afte r re moval of the seec.l coa t, pro­
te in concentratio n increased cluring the 
first 6 h (/(rsure 4), the n these leve ls 
dec reasec.l to a minimum at 12 h of 
imbibi tio n , w hich may be assoc iatec.l 
w ith the in crease o f wa te r uptake to 
seed . Pronounced increases in prote in 
concentra tia ns occu rre c.l be tween 12 h 
to 24 h. These leve ls cl ec reased ma r­
ke cl ly at 48 h and , the n , rose s li g htl y 
after 72 h. 

Germination o f citrus seec.ls is charac­
te ri zecl by a rapid uptake of wate r 
c.luring the fi rst 48 h , w hic h he lps in 
removal of reserve mate rial and the use 
o f these rese rves fo r growth of the axis 
cluring ge rminat io n. The second phase 
o f s lower a bsorpti o n o f wa te r hy the 
co tyleclons was prohahly used fo r the 
increase in vac uo la ti o n w he n rese rves 
were deple tec.l [1]. 

The re was a continuo us increase in 
wa te r uptake by cotyleclons (expressed 
as fresh '-Neight in mg-seed-1) during all 
144 h fo r peelecl seec.l. The prote ins , 
meanw hil e , c hangecl cluring ge rm ina­
tio n w hich began at 96 h and reache cl 
56% after 144 h (ftgu re 5) Altho ugh the 
experime nta l conditio ns were clifferent , 
germination o f unpeelecl mandarin seed 
was similar. Therefore, it is ev ide nt that 
the seecl coa t has a ret a rding e ffect o n 
citrus seed germinatio n which began at 
21 d in unpeelecl seed (ftgu re 1) . 

The concentration of p o lya mines 
varied d uring all stages of peeled seed 



germinatio n (figure 6) . l'ut was prese nt 
in large a mo unts cluring a il 144 h o f 
o bse rva tio n . T he patte rn o f c ha nges 
was c.liffe re nt fo r the three polyami nes . 
Put was the ma in polyamine , as co mpa­
re cl to Spd a nd Spm , bu t clecreased 
s lig ht ly cluring the first 15 h . Afte r 6 h , 
Spd ancl Spm startecl to increase reaching 
a maximum at 24 h , w hen ail three po ly­
amines w e re a t the ir h ig he st level. Ali 
thre e polyamines clecreased du ri ng the 
following 24 h , a nd , at 96 h , they rose 
aga in , Spd and Spm to '5 nn101·g·1 fresh 
weight, while Put reached 14 nrnolK 1 fw. 

Villanueva e t al. [6] repo rted the most 
rapid increase in the conte nt of these 
particula r po lyamines with the maxima l 
rate s o f l{NA and prote ins synthes is in 
fast g row ing ce lls cl uring the germ ina­
tion process o f Zea mays, Phaseoulus 
uulga ris, Tragopug,0 11 porri/olius a nd 
Triticu m aesl i u11 m. This co u Ici be 
e x p la ine cl b y th e stimula tory e ffect o f 
po lyamines on DNA-cle pe ncle nt !{ NA 
po lyme rase acti vity, ml{NA syn thesis , 
r:1te o f a m ino acid incorpo ra tio n a ncl 
pe ptide e lo nga ti o n. Po lya mi nes cou Ici 
also p lay a role in a mecha n ism for the 
protectio n o f ]{ lA against l{NA-ase acti­
vity. 

So luble prote in conte nt incre ase cl 
cluring the fi rst 6 h of ge rminatio n 
(ligure 1) . The n it clecreasecl to a lo we r 
level at 12 h . T hen both tota l poly­
amines a ncl soluble prote ins increasecl , 
to the ir maximum at 24 h. Du ring the 
next 24 h , the ir le ve l cle creasecl . T he n 
bo th compouncls increasecl , w ith pea ks 
at 72 h and 144 h for soluble p roteins, 
and at 96 h for total po lyamines. 

In re latio n to the clecrease in protein 
le vels, Nieves e t a l. [10] fo uncl a re ma r­
kable change in e lectropho resis patte rns 
d uring Cleopatra manda ri n seecl germi­
natio n , w ith a concomitant inc rease in 
growth o f the seecl lings . Prote ins a re a 
ma in so urce o f nitroge n rese rve co m­
po und in c itrus seed . They a ppear as 
p rote in bo d ie s locate d in su bcellu la r 
e ntities in the cotyledo ns l9l. The rapid 
hyd rolys is o f the prote in bo dies coin­
cicles with protease activity in an auto ly-
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Behaviour of germination 
in peeled seed. 
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tic p rocess cluring reserve removal [11 , 
12] 

The decrease o f three polyamine s 
ancl solub le prote in fro m 24 h of imbibi­
tio n e vid e nces the ro le o f this nitroge­
no us compound in ea rl y stages befo re 
germinatio n . 

4. conclusion 

The seeclcoat cle layecl the beginning 
o f the Cleopatra mand arin seed germ i­
na tio n by 16 cl; this may be associatecl 
w ith the presence o f inh ihitors in the 
coat as has heen shown before in o ther 

Figure 6. 
Changes in concentration 
of three polyamines 
(Put = putrescine, 
Spd = spermidine, 
8pm = spermine) 
during germination of mandarin 
peeled seed. Bars represent 
the standard errors. 
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Figure 7. 
Changes in total polyamine 
and soluble protein concentrations 
during germination of mandarin 
peeled seed. Bars represent 
the standard errors. 

--- Proteins 

seeds. The fresh weight of seed increa­
sed because of imbibition of the cotyle­
dons, but lacer decreased when the 
seedlings began to growth. In contrast 
to o ther seeds, the putrescine is the 
main polyamine during Cleopatra man­
darin seed germination. Sperrnidine and 
spermine also play a ro le in the early 
stages o f germination as the pattern of 
changes shows. 

Their joint maximum concentration at 
24 h shows chat free polyamines and 
soluble proteins are rnetabolically related. 
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Evolucién de la tasa de poliaminas y protefnas solubles en la pepita 
de cftrico en germinacién. 

Resumen - Introducciôn. En taclas las célul as cle las plantas hay poliaminas y protei­
nas q ue se s inte tiza n a partir cle aminoaciclos libres . En muchas especies estas s ustancias 
inte rvie nen cle fo rma significativa en la clivisi6 n celul ar y en los procesos de c.liferencia­
ci6 n. Este estucl io intenta p recisa r la evoluci6 n c.le cl ichas susta ncias en la germinaci6 n 
c.l e una pepita c.l e citrico . Material y métodos. Para caracterizar las reaccio nes hioquimi­
cas q ue tie ne n luga r clurante la germinac i6n se colocaron unas pepi tas de rna ncl arinas 
mac.luras (varie c.l ac.l Cleopatra) , enteras o s in tegume nto , sobre algocl6 n hùmeclo en caja 
de Petri. Los cornpuestos ni rrogenac.los de poliaminas - putrescine (Put), spermine (Spm) 
y spermic.line (Spcl) - y de p roteinas solub les se c.los ifica ro n tras imbibiciones de cl iversa 
cl uraci6 n. Resultados y discusiôn. La presencia cie l tegumento retras6 16 clias la germi­
naci6 n, en ese pe rioclo el peso fresco cle los cotileclo nes aume nt6 mientras q ue su rasa 
de p ro teina soluble clismin uia ; en po liaminas cabe seI'1alar q ue las tasas c.le Put fu eron las 
nüs altas y las c.l e Sprn las nüs bajas. En las pe pitas sin tegumento , la concentraci6 n cle 
prote inas aume nr6 durante las prime ras 6 h , s ie ndo nüxima tras 24 h cle im bib ici6 n y 
minima tras 12 h , 48 h y 96 h. La putresc ina obtuvo c.l e nuevo la rasa m{ts aira de las tres 
po liamin as . Conclusiôn. Los resul ta clos obte nicl os mu estra n qu e las poliaminas y las 
proteinas podrian clese rnpe11ar un pape! cluranre las primeras fases de la germinaci6 n. 
Esta vendria a confirrnar la inre rrelaci6 n e ntre los metabolismos cle ambas sustancias (© 
Elsev ie r, Paris) . 
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