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Key Wa( I&s-Lqm~ sadrr stomp protanr pcotcolyu~. lupm cndopcpIrblc 

AMrut-The htghly spec&c protcolytw breakdown observed upon prolonged treatment of pa kgumm and pea and 
pck ban ncthn ritb a throl endopeptidase puti6cd from mature lupm seals has ktn studred m dW Rotcolytr 
danp oauned ut tbc acsdic subuntts of pa kgumrn, wherar the ba.sr subumts were un&ctcd. Jack ban Vttaltn 
(M, 47 K) was davai w the middk of tbc polrpeptdc cbun, whereas pa vtahn (hf. SO K) was ckava! mto two 
fragments of M, 30 K and 20 K. rupativdy. Tbc 3O K M, polypcptdechain contamed conkntly linked arbohydratc 
and had an N-termmal sequence suwttng that ckrngc had taken pka bctwctn the a and fl relyon of the victhn SO K 
M, potypcptdc as prevtously dcscnbed rn utoo. fhesc results suggested that the cleavage spcctficny of lupm 
cndopcptrdase was m tbc proximity of plrcd argrunc ammo actd reslducs 

The chartgo m the vralm polypeptda due to protcolyt~c cleavage by lupm enzyme and those occurrmg durmg 
gemunatton of pa so& arc also reported and discuss& 

_~ .- 

IhfRODUClIOY 

Several protcolytr cnzymc~ act on kgumc storage pro- 
tcmsdurtngsecd development and germtnatton [ I]. In the 
latra event the breakdown of storage proteins 1s mas~ve 
and a number of protcolytw enzymes wtth broad specl- 
fictty 1s mvolvcd [L 31. In contrast only 8 limited pro- 
tcolyus of stomgc protans has ban o&cd during sad 
development whtch may occur both co- and post- 
tmnshttonally [ 47 1. cxccp~ for the removal of the stgnal 
pcpttde m the precursor protcm mokcuks. the physlolog- 
lcal role of protcolysls IS unknown. Although several 
cndo- and cxopcptldascs have ban detected and purtftcd 
m gcrmtnatmg legume seeds [g-IO]. httk mformatton 1s 
avaIlable on the protanascs wbrh act dunng sad de- 
velopment The dtfficulttes of purtfymg these enzymesand 
of assaying their actib~tks hpvc prevented an accurate 
descrtptton of their propertm and mokcular charrc- 
tcrtstuzs. For example a protease whrh wu porttally 
purthed from pea se& fsukd to degrade protans in I’IWO 
[I I]. Recently a protcmasc from mature lupm seeds has 
been parttally purtftcd and charactcnzed [ I2 131. It 1s a 
thlol cndopept~dase of M. around 60K wttb an actdtc 
Jsoclatrlc point. a neutral pH opttmum and a speclficlty 
for lupin storage proteinsr II was not acttvc on vartous 
ammal protems [ 121 In the present work this luptn 
protarv has ban used to protcolyttcally ckavc some 
storage proteins from pea and Jack ban seeds in rirro. 

RESL LTS 

Mature pea sad kgumm. whrh IS esscntully formed 
by a group ofrrdr subunits of M, around 40 K linked by 

*To whom anrrrpondraoc sbouJd k a&Irusrd. 
Abkcvutton BAPA benmylugmnc-pmtrcanhck. 

dlsulpbtdc bridges to t~stc subumts of M, around 20 K 
[7]. undcrucnt protcolyttc cleavage upon prolonged 
mcubatlon tn the prcum of lupm endopcpttdas~ (Fg. 1 I 
Ckavagc of the acdr subunits was compktc after 66 hr 
and no hydrolyslr of legumm was obscrvcd in the absence 
of the cndopepttdax (data not shownL Bask suburuts 
were not aflcctcd by the enzyme (Fig. 11 After 48 hr two 
mmor bands (C and Et mcruscd following the disappear- 
ancc of bands mdtatal as A. B and D m Ftg. I. and a 
number of minor polypcptldc fragments were formed. All 
these polypcprtdcs were further degraded wtthm the next 
I2 hr ladmg to thra mapr bands of M, 3 I K. 30 K. and 
29 K. rcspccttvcly. A minor bnd of rbou~ 25 K .M, 
already present m the unractcd kgumm and tdcnttficd as 
a ‘small kgumm’ actdlc subunit [ 14). was urulTcctcd by 
the enryme. Jack ban vtahn (M, 47 K) was cleaved near 
the mtddk of the polypept~dc chain productng fragments 
whtch had .M, about 25 K (Fig. 2B) No protcolytlc 
degrndatton was observed m the protein mcubated In the 
rbsena of lupm cndopepttdasc tFlg 2A) The SO K and 
47 K polypcpttdes of pa vmlm were cleaved Into two 
fragments of M, 30 K and 20 K. rcspcstcvcly. after 4g hr 
mcubaIion wtth lupm cndopcpttdasc (Ftg 3At 
Proteolytw proassmg was complete In 72 hr No autoly- 
us was observed to take placz over a simrkr time pcnod 
(Fig 3B) The 30 K .M, fragment contaIned covalcntly 
lmkcd carbohydrate (data not shown) h’-Termmrl ammo 
acid analysis of the 30 K M, fragment scpanted by gel 
pcrmutton chromatography under denaturing con- 
&ttons gave the followmg ammo nctd scqucm: 
AsgArg-Arg-Glu Gln. which corresponds to the h’- 
~crmmal sequence of the fi + 7 fragment of the vmlm 
polypepttde (Fig. 4). 

SDS-PAGE patterns of mature vnlm. of vtcilin from 
gcrmmatmg pa seals and of 50 K M, and 47 K M, 
polypcpt~dcs wtth and without treatment with lupin 
cndopcpt&sc are shown m Fig 5. 



A- 

87, 
C- 

,“r’ 

?- 

I- 

0 48 66 MS 
FIN I SDSPAGE l NlplS in rhc prcscncx of Z.nwap~o- 

cthrnol of pa kgumtn mcuhtd wth lupln cndopcpadur 

Lcgumcn (I ma ml ‘) was ~ncubatd wIIh lupm enzyme for the 

II~C m&aIcd Deutb of Ihc Incuhuon are grvcn In the 
E~pcnmental L(IEllon The followng rppwnt .Ua rcrc de. 
tammat by unnpanson with rtandard protans IYC 
Lpmmcntalr A ‘bg’ I subunw 42 39 K. B nwn z rubunIt. 

38 5 K. C. D. Ii. mlbo( 2 subunw 37 K. 365 K and 36K. 
rcqx~~~~ely. F. (3. H. mrpr btakdown prodw~ 31 5 K. 309 K 
and 29 8 K rapea~vcly. I ‘WIUII’Q rubunlt. 25 3 K. L fi suhmatr 
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Although \omc of rhc polypeptldcs produad by the 
action of lupln prorcasc on wcilm from immature pea 
red5 ucrc 5rmIlxr IO Ihox prcvnt In mature v&n. the 
lupm protcax dd nor produa the sllmc overall band 
pattern. Further. the dcgradatlon pattern after rn IWO 
lncubatlon ulth lupm enzyme wa5 5ImIlar but not Ident- 
~cal to rhat observed during gcrmmatlon of pea veds 
when louer M, polypcpr~dc, become quantItaIIv_cly more 
ImporIant 

DI!X LIMOI 

The lupm cndopcptulax used In the prcvnt paper 15 
prcvnt tn dcvelopmg and mature lupm sex& It IS acme 
on vrIlin- and legumin-like protein5 of lupin 5ccd [ 13) 
hut dots nor alTat thox annnal protcms tested The 
prcxnt results show that the endopcprdasc 15 also achvc 
toward5 other legume rIorage protcms. The long ~nnc 
rquired by lupin CndOpcPtIda5C 10 WmplCIC It5 aCtIOn On 
the protein substratoas well a> its activation after uveral 
hour5 of prcIocuktIon have been noted elsewhere (131 
In pea lcgumm only the acIdIc suburutr wmch contain 
paIred basr ammo acd rcsIducs [Id]. are proasscd. 
5ImIbr results were obtamcd wvrth lupm lcgumrn [ 121 The 
bd51c subunIt of pu lcgumm do not contain such b51c 
ammo scId pans and they are unaffected by the lupm 
protasc Moreover. Iht UC of the obvrvcd polyp~ptdc 
fragmcnI5 dcrIvIng from the ckavage of the ac&c sub 
unirv c3n bc IcnIatIvcIy related I0 Ihc posItIon of 

Arg Arg- pans In the ammo acd squena Thra pans 
of argmmc rc5Idua arc loca~cd at the C‘-tcrmmus of the 
acIdIc rubunIt In the most hydrophrhc and probably most 
aaccuIblc regron of the scqucmx [ 14) Their cleavage 
could plvc rise IO the polypeptrde fragments of M, 
35-37 K observed at an early dcgradatmn rlagc of lupm 
cndopep~~dau Leter. Ihecnzymcclavcs In the proxImIty 
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Fig 2 SDSPAGE l nrlyws d & ban v&n mculmtod *rutrout (Al and rub (Bl lupcn cndogcprdaxc The 
oond~t~omuc the wnc a.) in FIN I Apent M.5 rhown In the dgurc refer IO urndard proteuu (sa Expcnmcnull 

No ?.maapIocIhxnol wu rddal 30 rg of vrJIn were loaded In each lrnc 
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FIN 3 SDS-PAGE l dyus of pa valm 5OK M, polypcpuda ~nmbmtod mb (A) rnd wbout (B) lupm 
cndopcpttdmc Tbeamd~uonsuctksuxteum FIB I. Apprent M,ssborn mtbclprcrda tosuadudpotatu 
(see ExpammW No Zmcruptocthmd wu r&cd 20 ~8 of potm WCR lodod m cub Moe A4 denotes M. 

of a pur of ugrntnc reudtm closer to the N-termmus 86 m the acxlic subunit Linking the bar subuntt of pa 
(pouuotts 58 and 59 [ 14) ) wtth the removal of a lar8a kgunun [ II] postbly reduces the aaxwbrbty of argrtttne 
fragment of M, around 7 K kading to polypepttdad M, raducs at pout~ons 102 and 103. 
2%33 K. A further pm of argnmc rcsdues (pouttons 102 The action of luptn protease on pea kgumo closely 
and I03 [ IJ] ) do not appear to be aJTestad by the enzyme. raanbks that tn the early -es of kgumtn protdolyus 
The presence of the daulphtde brdgc at cyrtune residue durtng soed gemttnrtton [IS]. ruggclttng that a vmAr 
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ktc 5 SDSPAGE rculyur of pa vnl~n under ddkcnt dcrcbpmcnul srrges d&r and Isodl~ngi and of 30 K 

ht. waltn polypcpltda proaswd by lupln cndopcpldrv A Malure pa seed r~hn. B v&n from pa seed rflcr J 

days of #crmartton. C W&O from pa seed &a 5 &ys c4 ~~~IUIKWI. D WIIIO from pa sad after 7 day of 

pmmrtwx~, E. I I daysaftcr IIorrcr~~~ 50 K M. rnlm rubunrta k I I days rl~a tIowam# 50 K M. walm wburu1s 

&CT 72 hr dlga1lon wth lupm cndopcptduc. Apparcni M,s shorn In the figure wae obtamod by compuwon w1h 

standard prot*nv (xc Lapcrrmcntall No 2-mcraprocshanol was added 15 rg of ptoicln were loaded In uch ~UU. 

enzyme I) active during the early \tagcs of gcrmmatlon In 

pcos- 
The SO K M, and 47 K M, polypcpttdev of pea vrctltn 

arc degraded by lupm enzyme unh a ,~I~IC MC of 
clcavagc at the N-terminus of the /r + ;‘ fragment where 
two paus of argnunc restdues arc present [ 161. Covalcntly 
hnkedaubohydratc was found tn thlsfragmcnt mdtcatlng 
thaut II contamed the ;’ subumt. wbch IS known to be 
glycosyla~cd [ 17) The presence of a carbohydrate molcty 
on the /I t y subunIt can cxplam the discrepancy between 
the dctcrmmcd and c&ulated .M, (Fig 4) N-Tcrmmal 
analysts of the 30 K M. subunit obtamcd with lupm 
protar gave five ammo acid roduocomcrdent wtth the 
N-tammal scqucm of the jr + ; subuntt Thlv subunit 15 a 
minor component in mature rlcrhn 

Thev data suggest that luptn cndopcpttdar has .I 
spec~iic~ty for hydrophtlrc rcglons of uqucnct contarnmg 
patred argtnmc rcstducs 

The protcolyttc breakdown of vtctltn by lupm protax 
IS tn some respects dtffercnt IO thaw okrvcd In mature 
vnltn. Thts protcasc clearly does not mtmrc the &cots of 
the (putat~vcJ protasc w~rve during pea secd develop 
mcnt which clavcs on the C-tcrmmal sdc of spaxfic- 
exposed Asn X pcpttde bonds rn the Jcgumm [ 14). vrcrlrn 
[ 141 and sad lattn [ lg] precursors. bum 11s actlon doe> 
resemble that of the proteue which cluvc~ at the z + B 
subuntt Junctton to gtvc a (M, I9 K) and B + y (M, 30 KJ 
5ubunits The final band pattern of mature vicrlin in pa 
may therefore be the result ofan cnzymc of thts qxc~hc~ty 
Ckaving at the f + jf subunll JU”ctlOn in \omc pro- 
polypeptrda and an Asn-specific protau cleavmg the /I 

+ 7 subunlt Junction In all polypeptldcs of the 47 K M, 
v lctlin type 

The actton of luptn protasc IS stmtlar to that of the 
arly stagevof vicilin proteolystson pea Kcd gcrminatmn. 
suggestmg that the corrqondmg pea proteav 1s also 
present both during seed development and in mature 
seeds so thaw II I\ actlvc In the early stages of gcrmtnatton 
In agreement utth this concluston. both devcloptng and 
mature pea sced,contrin BAPA-asc activity [ Durantk M. 
and Gatehouse. 1. A.. unpublrshed results] As wtth 
lcgumm another protease must be acting as gcrmtnatton 
prcxccds to produce fragments of M, around 20 K as the 
major polypcptldes after 7 days of germmatlon (see 
Fig. 5). 

Jack bean vrlhn also gave protcolyttc fragments upon 
treatment with the lupm enzyme. but a complete ammo 
acid scqucncx of this protcrn IS not avurlablc. However. 
hesause of the homology In the ammo acid squcnct of the 
trypttc pcptK1c~ of anavahn with pa vKllm [ IY]. 11 15 
Itkely that hydrophtbc sequence regrons contammg 

Arg-Arg- rcJrducs arc located near the middle of the 
polypcpttdc chm 15 In vnhn SO K M. polypepttdc 
During germmatlon of )ack bean sccdr unavalm 15 
converted to form AI ofwruvaltn (M, 24 KJand to form 
A2 (M, 25 KJ whKh In turn IS rapldly degraded to A3 and 
A4 (.U, I2 K and I3 K. rqx.ctIveIyl [20]. Furthermore. 
slmtlar proteolytc fragments YCIC obtama! by prolongal 
trwttnent with trypsm and chymotrypun (20) and with 
lupm protau. Smce the actmn of different protcps+I 
produce\ plypeptldc fragments of similar sue. the exist- 
cna of an aslly acces,lble predetcrmlncd MC of clca\agc 



In mm potc!dyus of slorqc prolelN 631 

In the rhino uxd sapcncz of the storage protcms of tLs 
famtly is suggested 

Purifialbon of the prorav from mturuc s&s of f.upAu 

0lbuJ. bar Mulrolup msraxxdma to Dunnrc uxi Cerkll~ [ 121 

The pnmlly plrldai enzyme was then mcarLmtad rlrh proran 

sub6xnlcs under the condlltons ynn be&or Aa~*~ty of the 
enzyme on BAPA WII usal to alcuhtc the enzyme IO protem 

ratto. for CUJI uuy rn unount of enzyme sola to gvc IO am01 

BAPA bydrolyscd mm. ’ rng- ’ of protan substn~c was usal 
The fraze dncd protein suk~n~ts used In thl\ srudy were 
rmturc pa (Plum )otttauw L 1 seed kgumm 50 K hf. and 47 K 
.4f, vIcllm polypeptldcr from unnuture pa seeds (I I days affcr 
6owcrmg)rnd ananlm from pck ban (Cawxulua ensfqmrs L 1 

[ IP] For compulson of ~hc SDSPAGE pttcrnr m~turc pa 

sad vrilln rnd *mlin from ~minrfmg pa seeds l t 3. 5 rnd 7 

dry, of gcrmltutcon wcprcd l s dcxrlbbd m rcf [6] 1 were also 

used The unounr of potan subrtntc was dcrenmncd by the 

mrrobluret method or by rbsorbncc 11280 nm The rmounr of 

prorem ~ncubted with the prorau 1s mdrrkd m ach figure 

BLnks w~tbour ddad enzyme WCTC run In prdlel lncubrtlon 

crpcrunenrs wcrc perfonned under condltcons of tughcsl wymc 

~I*II~ m were 5OmM NIPI bu(lcr. pH 7 4. conutnmg 

0 I5 M NICI rnd 001 ‘,NIN,. the umpcrrturc was 37’ and rhc 
umpks were gently sttrrcd durm6 ~ncub~~oa 

Allquot, (50~1) were wilhdnwn JI various time& dcrulurcd 

with 50~1 0 I25 M Trts-HCI bulQr. pH 68. oonurnmg I 5’, 

SDS. by twang at IO0 for 4 mln rnd rndyd by SDSPAG1: 

raordmg IO Lwmmll [2l] with mmor modifKmtlonr. When 

nccrurry. 2.maprocrhnol. firul u)nanrntton 25’, WJS 

lddc4 Protan tends In the gd were stlmad with Coomuuc blue 

R 250 The M, of the polypcprdc fragments prod& durmg 

IncuLmtlon was dctcrmtncd by compumg pak batton In tlu 

Lur dtnvtomctcr sanncngs II 637 nm IS wlrb ttu~ of known 

potem markers. bovmc serum rlbumcn (M, 68 KL. egg rlbumm 

(45 KI arbonr rnhydnse (29KK) rnd Iysorymc (I4 K). rJI 

oburned from L)mr chmual Co, U S A Glyumybtcd poly- 

prptdcs were detected In the gels wlrb bnsyl hydrurnc u 

dcscnbcd In rcf [ 221 Scpratcon ol rhc polypcprdc fragments 

was by gel permarIon on a column of Sephur)I S300 

(Phummr Fmc Chcmrrls) cqu~l~krtad with 70’. formr wd 

Brakdown poducts of 50 K M, rnd 47 K vlolm polypcptdti 

15 mglnacdcrururai wtth 70’,form1cuxdrndb~dcdontorhc 

column (60 x I 5cm) whrh WJ\ clutod ~1 a lbw rate of 

IO ml hr ’ with 70”. formtc red Llu~cd fncrlons were pookd. 

dried under v-urn rnd submcttcd IO h’-tarn~~l rnrlyus h- 
Tamuul ammo ud sequence rrulym was pdormd nunurlly 

uung the film method for Irrlc pcptdcs as dmlkd cn rd [23] 

A rcvcru phu column on l Jrsra rppurlur was used 

Phcnylthlohybnlan dcrcvr~~vcs of the unmo wds wart 

denttied 
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