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Abstract

Introduction: Long-term storage of seeds under unfavorable conditions leads to their deterioration associated with
decreased germination. Several studies have shown increased lipolysis in deteriorating seeds, but little is known about the
role of protease activity during deterioration. In the present study, the effect of the controlled deterioration (CD) on the
mobilization of storage proteins and the effects of pretreatment with protease inhibitor (PMSF) on the germination
percentage of walnut kernels after CD were investigated.

Methods: Kernels were adjusted to 15 and 20 percent moisture content with water (control) or PMSF solution and then
incubated for 3 and 6 days at 45°C for CD .

Results: CD increased soluble proteins, solubility of 19-24 kDa glutelins, increased activity of 80 kDa protease,
accumulation of total amino acid, proline and protein carbonylation. Although aging-dependent decrease of germination
was similar in both control and PMSF pretreatment, the aged kernels in PMSF pretreatment had lower proline, amino acid
and carbonyl groups contents compared to the control. These results suggest that CD causes increased solubility of protein
reserves, but the inhibition of serine protease(s), unlike lipase, has no effect on improving the adverse physiological effects
of CD including germination loss, and only at the biochemical level, it partially improved kernel response to stress.

Conclusion: Identification of different metabolic pathways operating during CD of kernels can draw a picture of
deterioration mechanism and also leads to introducing protocols for the quality and viability maintenance of kernels during
storage.
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Figure 1- Effects of PMSF pretreatments of walnut kernels with 15 and 20 percent MC on changes in cumulative
germination (A) and their maximum germination percentages (Gmax) (B) during three days of controlled deterioration

(CD). Uncommon small letters on each bar represent significant differences (P < 0.05) in final germination percentages
according to LSD test
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Figure 2- Effects of PMSF pretreatment on total amino acid contents of walnut kernels with 15 and 20 percent MC

during 3 and 6 days of controlled deterioration (CD) test. The uncommon small letter on each bar represents significant
differences (P < 0.05) based on the LSD test. The means are the results of extractions from three separate kernels + SE

12

®15%MC
- " 20%MC i
® 15%MC+PMSF
8 % 20%MC+PMSF

Proline (mg g-! D.W.)
(=)

Controlled deterioration periods (d)

P oV b o o,0 Ve g3 10 Jugh; rhaw 90 50 99,5 Al (ydg slgixe 9w PMSF U 90,5 ‘slaasla)Lo.‘.;u’.’.ﬁﬂs‘t" AN %)
b .l LSD (yg03T wlwl g9 (P <+/+8) Hlo o glas suids i oygimw p0 YU 50 glisio Bg, .(CD) ouls J 55 Jlg 395

Cwl SE % 5wl dw 31 Jools il
Figure 3- Effects of PMSF pretreatment on proline contents of walnut kernels with 15 and 20 percent MC during 3 and 6
days of controlled deterioration (CD) test. The uncommon small letter on each bar represents significant differences (P <
0.05) based on the LSD test. The means are the results of extractions from three separate kernels + SE
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Figure 4- Effects of PMSF pretreatment on protein carbonyl contents of walnut kernels with 15 and 20 percent MC

during 3 and 6 days of controlled deterioration (CD) test. The uncommon small letter on each bar represents significant
differences (P < 0.05) based on the LSD test. The means are the results of extractions from three separate kernels + SE
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Figure 5- Changes in soluble protein (A) and total protein (B) contents of walnut kernels with moisture contents (MC) of
6, 15 and 20 percent MC during 3 and 6 days of controlled deterioration (CD). The uncommon small letter on each bar
represents significant differences (P < 0.05) based on the LSD test. The means are the results of extractions from three
separate kernels + SE
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Figure 6- Detection of protease activity after controlled deterioration of walnut kernels for 6 days at moisture contents
(MC) of 6, 15, and 20 percent by zymography. After SDS-PAGE electrophoresis of kernel proteins on a gelatin

embedded acrylamide gel, the separated protein bands were renatured and the transparent band of digested gelatin
represents protease activity
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Figure 7- SDS-PAGE pattern of of walnut kernels soluble proteins after labelling with thiol-specific fluorochrome mBBr
showing free thiol groups in proteins. Constant volumes of soluble protein extracts from kernels of different moisture
content (6, 15, and 20 percent MC) aged for 3 and 6 days were loaded in each electrophoretic well (A). Right panel shows

the exposure of the SDS-PAGE resolved mBBr-labeled proteins to UV light and the left one represents the same gel after
staining with Commassie Blue (B)
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Figure 8- SDS-PAGE electrophoretic pattern of
of soluble proteins from walnut kernels with
different moisture contents (6, 15, and 20 percent
MC) during 3 and 6 days of controlled
deterioration. Equal amounts of soluble proteins
from different samples were loaded in each lane
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