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Abstract-Cotyledons from 5-day germmated seed of Arachls hypogaea were heated m a moisturized chamber at 
temperatures from 25 to 121” Proteins were extracted m phosphate buffer and analyzed with horizontal starch 
gel electrophoresls to determine the effect of heat on rmgratlon patterns of soluble proteins, malate 
dehydrogenase, glutamate dehydrogenase, leucme ammopeptldase, peroxldases and nonspecific esterases The 
intensity of stammg of soluble protems from 5-day cotyledons began decreasing at 80-90”, very little staining 
occurred at 100” with the exception of a dlstmct band at R, 10 Glutamate dehydrogenase and benzldme 
peroxldase retained some actlvlty at 80” but other enzymes were Inactivated at temperatures near 65” Dlfferen- 
teal heat sensltlmtles of lsoenzymes were obvious Heat did not alter the R, values of the bands of soluble 
proteins or enzymes but influenced the intensity of stammg Two-year storage at 4” of viable seed and 33-month 
storage at -10’ of frozen extracts from dormant seed had no influence upon migration patterns of soluble 
proteins and enzymes assayed 

INTRODUCTION 

LITTLE ATTENTION has been given to the effects of heat upon mdlvldual lsoenzymes or 
rmgration patterns of enzymes analyzed with zone electrophoresls Differential heat sena- 
tlvlty of multiple molecular forms of enzymes of lactate dehydrogenase (LDH) were 
studied ‘-’ Thermal effects on lsoenzymes of malate dehydrogenase (MDH) m crude, 
cell-free extracts from Bacillus subttlls were also analyzed 4 It was shown that certain 
lsoenzymes of alkaline phosphatase5 and acid phosphatase” reacted differently to heat than 
others Heatmg a partially purified extract from skim-rmlk at 60” for 5 mm ehmmated a 
band of nonspecific esterase m polyacrylarmde gels ’ 

The effects of heat upon protems from dormant peanuts roasted at 145” were investigated 
usmg several techniques 8 The results of heating in sztu at several different temperatures 
upon soluble protems of imbibed and dry peanut seed were studied with disc electro- 
phoresls and lmmunochemlstry ’ Using samples prepared m the same manner, soluble 

’ FONDY, T P , PESCE, A, FREEDBERG, I, STOLZENBACK, F and KAPLAN, N 0 (1964) Blochemlstry 3,522 
’ VESSEL, E S, FRITZ, P J and WHITE, E L (1968) B~ochm Btophys Acta 159,236 
3 KNUDSEN, F U , KWDSEN, H E and GORMSEN, J (1970) Anal Bmhem 36, 192 
4 ANTOHI, S , MORARU, I and COTAE, D (1970) Blochem Blophys Res Comrnun 39,226 
5 TAN, K K and Aw, S E (1971) B~och~m B~ophys Acta 235,119 
’ EFRON, Y (1970) Genetrcs 65, 575 
‘KITCHEN, B J (1971)5 Dawy Res 38, 171 
a Nr < ct~r N J OR\ R L and CARX.I\I W B (1969) J Aqr~( Fooi/ C/~cr!r 17. 25 
9 N~LC~RL N J (1972) J ACJJ~C Food C/I~III 20,152 

69 



70 D L Tows and J K Kohl MOK 

protemsand several enzyme\ wereexammcd with starch gel electrophoreu\ ‘I’ It wd$ shown 
that some enzymes produced hghtlq st,uned bdnds m gel\ contammg electrophoiesed 
extracts of seed sodked 16 hr ,md rodsted nt 110 for 1 hr In general, gel\ contdmmg 
samples from dry seed heated ,lt I10 di\pldyed darker bands, enzqmc\ from dr! 4ecd 
heated at 130 produced bdnds that were barely vluble Houcver mlglation plttclns of 
coluble proteins m st‘uch gel5 lndicnted ‘I gre‘lter thermostnblhtj m $odked th,m 111 dr! 
seed 

Since other studies” “’ demonstrated that soluble protemc and some cnzqmec ‘11t‘ not 
reddlly affected by 01 ~trr he‘ttmg of \vholc dormant peanut seed and that //J I /t/o studlc\ 
mdlcdtedgreater the] mosens~tJ\lt~ 01 these same roluble protcms and cn~mca ‘I it xecmed 
fensible to mvestigatc the effects of hedtmg uz V/U upon cotyledons cot” gormln,ltrd pcnnut 
seed The PI lmLlt 1 objective U’JC to dctcl mmc the rel,ltlonAp hettlccn (a) clectt opho~ ct]L 
PI ohlcs and t hermCll st,lblllt~ of solvable piotclns dntl 4elc1 al en/! I~ICS h om W,k~ 
cotyledon\ he‘lted at d~ffcrent tcmpeJ.lturec under molEtui lzcd condttlon\ ,md (b) prohlc\ 
of soluble proteins ‘lnd the sdmc cn/yme\ 111 hcrlted and from nonheated dotmint \ccd 
The results were cornpa-cd with those of othcl jtudie\ FOI ‘1 moic exten~r\e C~~~~~l~s~s 
fresh11 prepared exti.lcts of dorm,lnt v~,lble \ecd stored 2 11 at 4 ,md frozen c\tl,icts 
(stored up to 33 months ‘it - 10 ) oi dolmdnt and germmated tls\ue\ we~c :~n,llq~d to 
determmc the eflects 01 prolonged \kJl .gc upon migration patternc of ~olublc protcm~ and 
enLyme 

The major globuhn of peanuts, r-drdchin. wns obvlou\ m extracts from doim,int 
cotyledons (Fig 1, arrows 1 2), proof of the position of +ar,lchln band\ m arch gels hL1\ 
been described “’ Diffuse mdlshnct bdnd$ between R, 0 7 and 0 95 Chic not \ho~ n 111 the 
dldgrdm An ow 3 prob,tbl) Indiate\ ‘1 prlmdr! b‘tnd of ‘ii AchIn after 5 d,lj$ of gel mln,ltlon 
From 25 to 90 no chdnge occurred in the posltlon of the bands but mme decic,lse 1t1 
mten\lty of stdmmg was deteLtcd m b,mds at R, 0 54 and 0 62 At 100 thcsc t&o \ltes of 
dctlvlty had o\erlanped ,md CVCJC b,nely visible After dutocLt\mg the cotyledon\ ‘it 111 
only one band at R, 1 0 iemaJncd (Fig 1, s‘lmple 121 ) This bdnd \\‘I\ Jpp‘ucnt m ,111 
samples of 5-day cotyledon5 but w‘t\ aeak in the extr,lcts of do] rn,mt seed It IS noteuo~ thq 
that dfter hedtmg no new b,lnd< ,~ppc,u ed anodlc to ‘11 ,lchin Electrophorc\cd exti ,lct\ of 
dormdnt seed heated ft1 I IZJ o sho\?ed ‘I ugnlf&mt decre,ise of ,lrdchm fi om 95 to 100 ,tnci the 
nppedrdnce of at lc‘~\t three ncL+ b,mdi c\ 1117 gre,lter R, L~LIL‘~ ” To ftu ther comp,uc the 
heat 5tLlblhty of soluble protcmj in 5&y cotyledons bzith soluble piotcln\ m dorm,mt seed 
ungermindted seed v,ere ,iutocl,i\ed (171 ) lor 15 mln ‘end the soluble plotem$ Ct\\,l!cd 
The electrophoretic. p‘l ttcrn indlcCltcd th,tt the 1 CWJ LL protcln Z-A .tLhln f~ om dormCmt 
cotyledons WAS llttlc ,lffe‘eLtcd 111 Ctutoclavu~g in Lonti,lst to the \olublc ptoteln$ from 
dutocl‘tvcd 5-ddy cotyledons 

Extract\ from 5-ddy cotyledons (nnd dormant cotyledons) exhlbltcd h\c laoenqmes of 
MDH, including d ue,lk b,md ‘It R, 0 I6 ‘1 f‘unt dlffusc b,md ,lt K, 0.27 ,lnd three 
‘“THWIAS D L and NE~~CIIU h I (1973~5 +Ic~K FvodChm 21.479 
” TNOMAS D L .tnd RKIGH~ I F 1197?) (NJ I Botr~l~ St. I IYI 
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distinct sites of actlvlty at R, 0 42, 0 55 and 0 70 At 50”, the two bands nearest the 
ongm,had disappeared Other than a slight decrease m intensity of stammg, no significant 
change occurred m the dlstrlbutlon pattern between 50 and 60”, however, at 65” no 
bands were present Three intense anodlc bands of GDH were obvious m extracts from 
both 5-day and dormant cotyledons Bands at R, 0 22 and 0 32 were of equal intensity and 
were more obvious than the one at R, 0 39 Occasionally a fourth region of very weak 
staining was vlslble at R, 0 43 Bdnd characteristics of the three major isoenzymes were 
unaffected by heat through 75” At 80”, the actlvlty began to decrease and at 85” no 
formazan deposltlon was observed Mdlate dehydrogenase and GDH were assumed to be 
substrate specific, consequently, the bands m the patterns are referred to ds lsoenzymes 

D 25 50 60 70 SO SO 100 121 

FIG 1 STARCH GEL ELECTROPHOR~SIS OF SOLUBLE PROTEINS FROM NON-HEATED, DORMANT SEED (D) AND 
HtATED (25-121 )5-DAY COTYLEDONSOF PEANUTS 

Basal numbers represent temperatures of heat treatment Intensity of shadmg reflects density of stammg 
m starch gels 

“Antibands”, or well-defined areas on the gel m which no background stammg occurred, 
were apparent m gels stained for MDH and GDH from dormant seed These antibands 
were apparent between R, 0 64 and 0 83 and were more obvious m gels remammg m the 
stain for several hours Furthermore, antibands were present m extracts (heated at 75” for 
30 mm) of dormant peanut seed” and m nonhedted extracts of dormant and 5-day 
cotyledons stored at - 10” for 3 yr and assayed for MDH and GDH (Thomas, unpublished) 
AntIbands have also been observed m starch and acrylamlde gels contammg electro- 
phoresed green dlgdl extracts stdmed for MDH dnd GDH activity (Thomas, unpublished) 
and m starch gels stained for GDH from chlorosdrcmacean algae ” 

Hall et al I3 observed antibands m acrylamlde gels contammg extracts from different 
plants A similar nonspecific reactlon was noted when stammg for malate dehydrogenase 
activity m crude cotton leaf enzyme preparations electrophoresed m polyacrylamlde gels I4 
Tetrazohum oxldase produces slmllar acromatlc regions m dehydrogenase stains con- 
taming phenazme This phenomenom has been further discussed l1 

I.? 

13 
THOMAS. 
HALL T 

L and GROOVER, R D (1973) J Phycol 9,289 
McCowv B H DISBOKOLGH S MCLTFSTFK RC dnd ‘\r, , 8, 385 

I4 O'SLLLIVAY S A and WFINXYG R T (1972) Pht P~~~vo/ 49, 117 



72 D L THOMAS and J K KoK~wK 

Four lsoenzqmes at R, 0 73 0 78, 0 84 dnd 0 88 were present m extracts from dormant 
cotyledons, The major site of actlvlty was at R, 0 78 The band at R, 0 73 was less Intense 
but was slightly darker than the remdmmg two The patterns produced by extracts of 
5-ddy cotyledons were slmllar to those of the dormant seed except the two fastest 
rmgratmg bdnds were partially overlapped LAP dctlvlty was little affected by heatmg 
through 50’ The mtensltj of stammg of the slowest mlgratmg band began to decrease 
between 50 dnd 55 ’ and had disappedred at 60 The remammg bands were not present 
at 65 It was assumed that the only enzyme redctmg with the substrate L-leucyl-/?- 
napthylamide unq LAP therefore, the bdnds of activity tcp~escnt isocnzkmes 

PerOYldLlw, (E c 1 11 1 7) 

The term Isoenzymes 13 not employed here bec‘tuse of the apparent ldck of specificity of 
peroxtdaes for dnq one substr,tte Thlc mClj be the cd~e with the most cCithodlc band 
(Rj -0 52) m gels stdmed with solutions contammg elthel pqrogdllol or benzldme ds 
hydrogen donors The major difference between this band which developed in each stain 
was the apparent gleater reactlvlty of the peroxiddse with benzldme as evidenced by the 
increased density of the band Little change m the anodlc pqiogallol peroxldase (a long 
bdnd at R, 047) occurred with increasing temperature through 60 , but there was a 
considerable reduction m stdmmg nt 65 , and none at 70 The most cathodic band at R, 
-0 52 was present but exceptionally weak at 60 , however, this band wns also weak at 
lower temperatures Cdthodlc bnndmg m the benndme stain conslstcd of three strong 
bands (R, -0 06. -0 44 dnd -0 52) dnd some \t’~ \ lndl\tlnct bcmds The ellectc of hr,lt on 
these bdndc nere not significnnt between 25 and 70 Houebel theie Mdb dn dbrupt 
decrease m intensity of stammg between 70 and 80 with only one band (Rf -006) 
remaining at the latter temperature and none at 90” The anodlc pattern conslsted of 
several weak bands exhlbltmg heat sensitivity slmllar to the cathodic bands. no stdmmg 
occurred at 90- In the dormant seed, 24-hr-germmdted seed. and cotyledons of dormant 
seed, there was little difference m pyrogallol peroxldase actlvlty Each sample exhlblted two 
overlapping bands (Rj 0 37 and 047) m contrast to the single band dt R, 047 m 
samples from the c-dab cotyledons Results of the dssdy for benzldlnc peloxldase m 
dormant cotyledons indicated a veik \%edk ,modlc band ncclr the origin (K, 0 07) ‘md d 
slightly darkel cdthodic band dt R s -0 06 Additiondll> seed germindtcd 24 hi exhibited 
two hedk cathodic band9 of greatel moblhtt vchlch corresponded to the two bands at 
Rf -0 44 dnd -0 52 m 5-ddq cotyledons These bands were more Intense on the second 
day of germination dnd Iemamed obvious from day 5-l I Ii 

The esterases m the 5-day cotyledons were chat dcterlzed by four anodlc bdnds (Rf 0 79, 
0 82. 0 86 and I 0) and one cdthodlc bdnd near the origin Band patterns indicated that 
activity was lost ‘it two sites (Rf 0 79 dnd 1 0) at approximately 50 Bdnd? at R, 0 82 and 
0 86 were barely vlslbledt 55 dnd were not apparent at 60 Esterase activlt> m the cdthodlc 
sectlon was obvious through 60 but has not present at 65 Migration patterns of 
ester&es extracted from the dormant seed wele \imildr to those in the 5-ddj cotyledon, 
the dormdnt cotyledon? cxhlbltcd onl> three modlc bands (R,- 0 86 0 91 ,lnd 1 0) ,Ind the 

‘. ~[HO\i,<\ 1) t. illlii VI, C / 11, ‘I 1 ( i’)77i ifI1 I /hJli/ili ill /,ii\\ 
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same cathodic band as the 5-day cotyledon The esterases are not referred to here as 
lsoenzymes because a number of esterase enzymes may hydrolyze the common substrate 
cc-napthyl acetate Consequently, each band may represent more than one esterase 

Stablllty m storage 

Storage of extracts from dormant seed and dormant cotyledons at - 10” up to 33 months 
and similar storage of extracts (for 2 yr) from 24-hr germinated seed had no influence 
upon the rmgratlon patterns of soluble proteins or enzymes Two-year storage of extracts 
(-loo) from 5-day cotyledons did not affect the mtenslty of stammg or the number of 
bands produced by MDH, LAP, pyrogallol peroxldase, or r-EST but most bands had a 
slight increase m R, values No effect upon benzldme peroxldase was observed No 
slgmficant’dlfference occurred m the patterns of soluble proteins or enzymes of fresh extracts 
assayed at one date and fresh extracts prepared 2 years later from the same batch of 
viable peanuts maintained m refrigerated storage (4”) during the interval This indicates a 
remarkable ability of soluble protems and these enzymes to remam stable when stored 
under such condltlons 

It was noted that cold storage of tubers of Solanum species and freezing of protein 
extracts from the tubers had no influence upon the protein patterns ’ 6 However, the authors 
did not report the maximum time of storage used In another study, storage of protein 
extracts at -25” for 6 weeks considerably altered the electrophoretlc pattern of Solanum 
tubers ’ 7 

DISCUSSION 

According to band patterns m zone electrophoresls, storage proteins m heated, dormant 
peanut seed are highly reslstant to thermal denaturatlon &lo The antlgemc properties of 
cc-arachm, the major peanut globulm, were not slgmficantly altered after roastmg the seed 
at 145” for 1 hr ’ The globuhn also remamed antlgemc m both soaked and dry seed heated 
at 155” for 1 hr ’ In this current electrophoretlc analysis, the soluble proteins m 5-day-old 
cotyledons subjected to heat at 100’ for 30 mm had almost disappeared, based upon the 
lack of discreet bnndmg m the gel (Fig 1) This plobnblj mdlcates that protems in the 
5-day cotyledon are much more thermosensltlve than those m the imbibed, dormant seed 
which exhlblted dlstmct bands when heated to 155 for 1 hr lo 

The band pattern of the reserve protems m the 5-day cotyledons (Fig 1 samples 
25-121) was slgnlficantly different from that m the dormant cotyledons (Fig 1, sample D) 
Two important alterations occurred m the dlstrlbutlon of the soluble protems m 5-day 
cotyledonsas compared with dormant cotyledons First, the comparative amounts of protein 
m the major bands of arachm changed and the posltlon of the most anodlc band of 
arachm m the dormant cotyledon (Fig 1, arrow 1) greatly increased m stammg mtenslty 
m the extracts of the 5-day cotyledons (Fig 1, arrow 3) In contrast, the most intensely 
stained band of arachm m the dormant cotyledons (arrow 2) decreased noticeably m the 
5-day cotyledons Second, a weak band at R, 10, m the dormant cotyledons (Fig 1, 
sample D) Increased m density m extracts from the 5-day cotyledons These observations 
suggest that the reserve protems m the germmated cotyledons were enzymatlcally hydro- 
lyzedcausmg an increase m electrophoretlc moblhty and possibly producing small peptldes 
which migrated with the front 
I” DISI~~, GH S md PILOQ~ IN S I (19661 PI~~roc/wmrr~r \ 5, 727 
I’ EKJLFALT L and Shum G (1970) Her etirtur 64, 294 
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In an 1mmunoelectrophoretlc nndlysls (IEA) of reserve protems, a-arach1n electro- 
phoret1callq shifted towdrd the dnode after 1 ddy of germlndtlon 1 * The shift remdmed 
obvious at days 5 and c) It $as suggested thdt this WAS due to progre$slve deamlddtlon of 
glutdmlne dnd dspdlagine The IEA stud) indicdted that x-drachln in cotyledons of 
germinating seed 15 composed of molecules with va1y1ng electrophoretlc mob111t1es but 
possessing the same antlgenlcltg This shift 1n moblhty may offer d pdrt1al expldndtlon for 
the observed incredse 1n migrntion velocity and the change7 in migration pdttern5 of 
reserve proteins 1n dormant cotyledons a5 compared with 5-day gCrmm‘~tcd cotiledons 
(Fig I) It hould be revedllng to perform dn IEA study on C/-dldchm from heated 5-ddy 
cotyledons to determme 1f the decrease 1n this reserve protein observed dt 100 (Fig 1) 
wds dccompamed by a deqtructlon of the dntigenlc sites 

x-Ardchin 15 stored m small membrane-bound particles termed ‘tleurone grams ” ‘(’ 
It 1s po?s1ble that these organelles confer some protection upon the protein\ inside During 
protein ut1hzat1on m the gerrnlnntlng seed, the protection these membrane-bound bodies 
provide may be considerably dcct e‘1sed thereby mcreasmg the susccptlb111ty of this reserve 
protein to hedt 

Enzymes m 5-day cotyledons were much more sensltlke to hcdtlng 111 S/!U than those 
1n the dormant seed lo A \1m1lar reldtlonshlp wd$ observed bq S1sler and Johnson 1n 
which studies of hedting 1~1 51~ Indicated d marked influence 01 the moisture present on the 
stdbiht). of 0-dlphenol oxlddsc in tobdcco leaves the loher the moisture Content the 
slower ~~1s the inactivation ” In gener‘ll the enzymes 1n the dormclnt seed ro‘tsted dt 110 
for 1 hr showied good act1v1q ‘” whereas the Sdme enzymes in the 5-ddy cotyledons were 
indctlvated dt a much lower temperature In the 5-ddy cotyledon benz1d1ne peroxldase ,md 
GDH here the most heat stable exh1blt1ng limited dct1v1tJ ;It 80 The two circ‘lIc of 
benzldlnc peroxldase activity displayed nt R, -0 44 dnd -0 52 WCI L p1escnt also in 
cotyledons, ep1coQl hypocotyl dnd rddlcie of 1 l-day-old seedling5 ‘- Presumdblq, the 
enzymes responsible for these bands perform d s1m1ldr role 1n edch of thcsc organs and 
mdy be dssoclated with the oxldatlon of phenohc compounds These enzyme\ dre probably 
functional in the early stages of germlndtlon the two bdnds wcrc precent dt 24 hr of 
germindtion The peroxldase using pyrognllol ds ‘1 hydrogen don01 1s piesent m the dormdnt 
‘md germmdted seed 

Y-EST MDH and LAP exhibited \1milar renctionr to hedt The) were .1Ct1ve to some 
extent at 60 but not dt 65 These three enzymes d1Tplayed dpproxrmdtely h,1lf of the heat 
resistdnce in the hedted 5-ddy cotyledon ds m the hedted dormant \eed”’ ,Ind nbout the 
sdme thermostablllty as in extrdcts of dolmant seed hcdted IM I ZOO ” 

The range of temperntures fo1 good growth of pe‘muts (a summer annual) 1s LLI 30-35’ 
One mdy dssume that 11 me enrymes extracted from cotyledons heated ‘1t 55 60 nre 
functional 1n stam solutions, they would cxh1b1t dct1v1ty at a s1m1ldr or h1ghcr temperature 
in the hVlng organism Thermoph111c bdcterld dnd blue-green algae ‘ire known to live m hot 
springs dt optimum temperatures of 50- 70 ” ” LlungerZ4 bneflq revleLvcd hter,lture 

” DALXSA~T J NLL(IKI N I nnd Co\h~~mh L I (1969)I’krt~t Ph,od 44, 3x0 
l9 DALSSANT J Y~IC~RL N J and kArs0 L (1969)Pht PhLd 44,471 
“’ DII KI KT I W Svwu~u J E Momt A T, JK Hrlult MAY D C md AI TSCHI I A M (1962) 

J Fowl SC I 27, 321 
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pertaining to the nature of heat stability of thermophlhc bacteria and noted thdt several 
enzymes extracted from thermophlles were more heat stable than those from mesophlles 
Many xerophytlc plants survive at elevated temperatures Chawan2’ reported that seeds of 
desert species of S&I pretreated at various high temperatures (7&110”) for different 
intervals of time ensured better germination Apparently the seed proteins and enzymes 
were not denatured by heating at these temperatures 

Studies of the blochermcal and physlologlcal characterlstlcs of soluble proteins and 
enzymes from organisms adapted to hvmg at different temperatures may lead to d better 
understanding of thermostablhty of proteins and of growth and survival m various 
environments 

EXPERIMENTAL 

Select shelled seed of 41nck15 h~poqtrrtr \drlety 56-R were ohtamed from the Agricultural Research ServlcL 
Crops Resedich D~VISIOII Beltsvdle Mdrqldnd All seed were of the 1968 crop and were mdlntdlned m 
refrigerated storage 3 yr prior to extractIon 

Ger I~IIIUI~~I and heat t! rtrrrurrlt of c of \ Icdor~~ The Vqr-old seed were surface sterlhzed 15 mm in IO”, 
Chlorox (commercial 5”,, NdOC1) rmsed soaked 2 hr m Hz0 dnd germmdted m steam sterdlzed vermlcuhte 
for 5 days at 25” The testae were removed and the cotyledons excised and frozen 3-6 ddys until further 
treatment The cotyledons were thawed to 25” and placed between absorbent paper sdtd with H20 m d 
Petri &sh, covered with Al foil and placed m n forced-au temp regulated oven preset to the designated 
temp from 50 to 100’ The approximate temp dt the surface of the cotyledons uas determmed h\ replxmg 
the cotqltdon\ \hIth Cl thcrmomtttr In ‘t slmlldl app,uatur Alttr thL desuLd tcmpel,ltulc In\ldc tht Pet11 d15h 
wds reached the cotyledon5 remamed m the oven for 30 mm Addlttonal cotyledons wert dutocldved dt 121 
for 15 mm and immediately brought to room temp For Lomparrson dormant seed were dutoclaved m the same 
manner 

Extractzon ofprote~~, The cotyledons were homogemzed m 15 phosphate buffer (1 g/2 ml), pH 7 8 lomc 
strength 0 2 (0008 M NdH*PO, H,O, 0 064 M Na?HPO,), for 5 mm The homogenate was filtered through 
cheese cloth and the filtrate centrifuged at 34 800 y for 20 mm at 20 The hpid layer and pellet were &carded 
and the remammg hqmd fraction lecentnfuged under the same condltlons The hquld fraction &as frozen dnd 
assayed wlthm 3 weeks The extract from the 5-day cotyledons contdmed 47 mg of protem per mlZh usmg 
bovme serum albumm as d stdndard To compdre soluble protems and enzymes m fresh extracts with the 
stabdity of those m frozen extracts (- 10 ‘), 24-month-old samples of frozen extracts (prepared m the above 
manner) from cotyledons of 5-day germmdted seed were analyzed In addttlon, 24-month-old frozen extracts of 
I-yr-old dormant seed I-yr-old dormant cotkledon5 dnd 24-hr germmated seed were dssdyed Tome samples 
had hten extracted dt I g pel 10 ml bufl~~ \ltldlng ‘1 prottln conccntratlon 01 X7 mg pel ml others wcle 
extracted at I g per 29 ml dnd contdmed 67 mg protem per ml Extr,ict\ o! 24-hi- germmdttd seLd Lontdmcd 
53 mg protem per ml Other extracts (67 mg protem per ml) from dormant cotyledons and dormant seed were 
stored frozen for 33 months and assayed All extracts used to dctermme the effects of frozen storage upon 
protems were assayed prior to storage Autoclaved (121’ for 15 mm) dormant seed were extracted dt I g (dry 
seed) per 2 8 ml of buffer The dhove variety of samples provided ddditlonal ddta for Lompdrison 

Elect,ophorem Procedures for horlzontdl starch gel electrophoresls were slnular to those of Snuthles’- dnd 
Pouhk *’ The gel was covered with a thm plastic sheet to prevent evdporatlon dnd was kept cool with a pan of 
Ice on top 50 mA were apphed until the bromphenol blue marker dye had rnlgrated 6-7 cm R,s were 
relative to this marker band 

En~ymr rtssa~s To demonstrate nonspeclfic r-EST, the starch shces were Incubated 2 hr at 25’ m 100 ml 
02 M phosphate buffer contammg 75 mg Fdst Blue RR salt, 1 5 ml 1:” a-ndphthyl acetate m acetone-H,0 
(1 il) and 10 ml n-propanol (absolute) dt ‘t final pH of 6 0 Leucme drmnopeptldase was detected by incubating 
the gels 2 hr m 100 ml 0 2 M phosphate buffer contammg 20 mg L-leucyl-fi-napthylamlde HCl and 25 mg 
Black Salt K The final pH was 44 The standard solution for the MDH assay conslsted of 100 ml 0 1 M 
Trlsma Base (pH 8 5), 3 ml neutrdhzed 2 M DL-m&c dCid, 50 mg p-NAD 50 mg MTT tetrazohum and 10 mg 
phenazme methosulfdte The assay for GDH was the same ds that for MDH except 3 0 ml ncutrdhzed 2 M 
L-glutamic dcld was substituted for the mahc acid substrate Two different dssdvs were employed to determme 
peroxldase actlvlt) In one assay henrlchne DI-HCI wds used as the hbdrogen donor m a ?tdm solution 

25 CHAWAN, D D (1971) OCL’O~O~I~Z 6, 343 
26 L~WKY 0 H, ROSEBROUGH, N J, FARR, A L and RANDALL R J (1951) J B~ol Chrm 193,265 
” SMITH& 0 (1955) B~ochrm J 61, 629 
” Por Llh M D (1957) Nature 180, 1477 
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descrtbed” except that only 1 7 ml 3”,, HzOL per 100 ml slam IG~~S employed Tht other rl>bd\ ured pqrogdllol 
and consIsted of 100 ml 0 1 M phosphate buffer (pH 6 0) 1 ml of 3”,, H,O and 0 5 g p\rogallol The general 
protems were stained m 0 l”,, amldo bl‘lck m 7”,, HOAc dnd destdmed m 3”,, HOAc 
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