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Ah&act-During the germination and seedling growth of soybeans (Glyciru max) a new form of the Kuniu soybean 
1-n inhibitor (KSII)appears in thecotyledons distinct from the Kill of tbc q uksunt sad. This inhibitor has ham 
purifial from thegerminated seedsofsoybcancultivar Amsoy 71 andcultivu Fiskeby V.Tbesecultivarscontain thcTi* 
and Tib variants of KSTl respectively in the dry seed. The inhibitors were characterized by sodium d&cylsulphate- 
polyactylamide gel ekctrophoresis. amino acid analysis, and partial sequence determination. The newly appauing form 
in Amwy 71 (Ti’,) was found to be identical to Ti’ except for the loss of the five residue sequence al the ofbxyl- 
terminus of Ti’. The Tib variant of K!XI was found to contain at kast 199 amino acid residues (as opposed IO 181 for 
Ti’). The amino-terminal sequence of Tib was found to be identical to that of Ti. for the first ten residues The Kill 
species appearing in Fiskeby V with germination, Tik, appears to be derived from Tib by the loss of the cuboxyl- 

terminal daapcptide. 

INTRODCCllON 

During the prm of sad germination and early tiling 
growth the rcscrvcs present in the sad, including the 
storage proteins, are mobilized via hydrolysis to support 
the growth of the seedling. The xcds of the Leguminosac 
are known to have high contents of proteins exhibiting 
inhibitory activity against 1’ andinsactscrinc 
protcinasc such as trypsin, chymotrypsin. and elastasc 
[I, 21. A number of physiological functions have hccn 
proposal for these inhibitors, including the inactivation 
of digestive enzymes from microorganisms and vertebrate 
and invertebrate herbivores, the regulation of endogenous 
sari proteinascs. and serving as storage proteins in the 
se&, particularly as depots for sulphurcontaining amino 
acids [2]. The latter possibility is cspazially attractive in 
view to the high halfcystmc content of many of the 
legume proteinasc inhibitors. 

Both the Bowman-Birk type inhibitors and the Kunitz 
soybean trypsin inhibitor (KSTI) from soybeans (Glycitae 
mcu L. Merrill) exhibit changes in their physical 
properties during seed germination [3]. In the case of the 
Bowman- Birk inhibitor, this has betn demonstrated to be 
due at least initially to a limited SW proteolysis of the 
inhibitor [M. Madden, A L Tan-Wilson and K. A. 
Wilson, unpublished]. For KSTI, the cause has been less 
clear. After approximately four days of germination. a 
second ekctrophoretically less mobile form of the KSTI 
appears in the seed which is antigenically similar or 
identical IO the form present in the quiescent sad. At ten 
days after the beginning of seed inhibition both forms of 
the KSTI have largely disappeared. This pattern ofchange 
has been noted in the soybean cultivars homozygous for 

*To whom cor~~~pondcncc should be add&. 

each of the three K!XI genetic variants thus far described, 
as well as hybrids containing and simultaneously 
expressing two of the variants [S]. 

The KSTI species that appear during germination 
could arise as mod&cations of the KSTI present in the 
ungerminated seed. Alternatively, they could result from 
the expression of KSTI genes different from those 
expressed during seed development and maturation. 
Previously publishal results have been interpretal to 
support or reject both of the hypotheses [4. 51. In this 
paper we report the isolation of the newly appearing K!XI 
species (Ti’, or T&) found in the cotykdons of germl- 
nalmg soybeans containing either the Ti. or Tib variant. 
Evidence is presented that these forms arise from the 
KSTI present in the ungerminated seed by limited spezific 
proleolysis. 

RESULTS AND DISCUSSlON 

H~eneily C$ pureed inhibitors 

The purifial Ti., Ti& Tib and Tik inhibitors were 
found to have R, V&ES of 0.50.0.46.0.46 and 0.42 on 
polyacrylamidc disc gel ekctrophorcsis (not shown). All 
were judgad lo be greater than 95 y0 pure. The mobilitics 
of the two native alklic variants (Ti’ and Tib) relative to 
each other and to the forms appearing upon germination 
(Ti’, and Tik) are consistent with the results previously 
reported by Orfand Hymowitz 

6 
63. All chemical analyses 

were carrial out on Tib and Ti, solutions shortly after 
their -lion, since prolongad storage (greater than 3 
month -20”. I mM HCl) gave rise to minor inhibitor 
forms, possibly due to dcamidation. Freed [7], using a 
somewhat diKerent isolation procedure, also noted 
modifkd forms of the inhibitor migrating slightly ahead 
of puritial KSTI. No such problem was noted with Ti’ 
and Ti& under similar conditions. 
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Analysis qf KSTI inhibitors jrom c&&u Amsoy 7 I 

As expected from the sequence data of Koide and 
Ikenaka [8], Ti. exhibited a singk band on sodium 
dodcqlsulphate-polyacrylamide gel elaztrophoresis 
(SDS-PAGE) with a molecular weight of approximately 
2 I 500 (Table I ). Tik similarly appears as a sin& spa% 
on SDS-PAGE but with a slightly lower M, of 21 Ooo. 

The amino acid composition of Tik shows extensive 
similarity to thccompositionofTi.(Tabk l).Ti$,appcars 
to be a somewhat smaller protein, composed of I75 amino 
acid residues, compared to the 181 of Ti.. From the 
compositional data it would appear that Tik is dcrivai 
from Ti’ through the loss of single residues of axpartate, 
scrinc, glutamate, lysine, leucinc and ixolcucine. With the 
exception of ixokucine. these amino acids arc located at 
the carboxyl-terminus of Ti’ [8]. Temporarily, ignoring 
the isoleucine discrcpcncy. these data, in addition IO the 
mokcular weight data above, suggcxt that Ti& arises from 
Tia by limited specific protcolysis at the carboxyl- 
terminus. 

This hypothesis is confirmed by scquena analysis of the 
termini of the two inhibitors. Edmandansyl degndation 
indicate that the amino-terminal scquct~~ of Ti: is 

identical IO that of Tix for at least the first 6w residues 
(Table 2). Digestion of performic acid oxidized Ti& with a 
combination of carboxypeptidasc A and B rcxultcd in the 
nkasc of kucinq lj%inq ghltamine and pbcny&tlinc in 
that order (Table 3). Digestion of the oxidized inhibitor 
with carboxypeptidasc A alone resulted in the r&ase of 
leucine only, while treatment with carboxypeptidasc B 
alone was incffaztive in releasing any amino acid (data not 
shown). The carboxyl-terminal saqucna of Ti: is thus 
-Phc-Gln-Lys-Ley i.e. that of Ti’ up to Lcu 176. The data 
therefore support the identification of Ti& as a protcolytic 
degradation product of Ti’ resulting from the loss of the 
carboxyl-tcrmirla IrcsiducsAsp l77-Lcu 181. Webelieve 
the apparent loss of an isolcwyl residue is an artifact 
resulting from the incomplete hydrolysis of Ik 57-Ik 58 
and Ik l%Lcu 20 ptptidc bonds during amino analysis. 
No other data are consistent with a loss of this isokwyl 
residue. 

Analysis qf KSTl inhibimrsfiom Fisk&y V 

SDSPAGE indicates that both fib and Ti& are 
composed of singk polypeptide chains with apparent 

T&k I. Cornprison d tbc amid acid composition of I& Km proteins 

RUidWX/lIdXUk~ 

RaidlU fin Tia TikTii Tib Tik fib-Tik 

Au 26 (25.1) 25 1 (29.8) 30 @x7)30 - 
Thr 1 (637 - (8.8) 9 (8.4) 8 I 
!sa II (10.2) IO 1 (127) I3 (11.0)11 2 
GlX 18 (17.2) I7 I (2u9) 21 (17.7) I8 3 
FlO IO (9.9) 10 - (9.5) IO (9.8) IO - 
GlY I6 (16.0) I6 - (17.9) I9 (17.8) I8 - 
Ala 8 (8.0)8 - (9.0) 9 (9.3)9 - 
l/2 cyst 4 (3.8)4 - (Cl)4 (3.8)4 - 
VII I4 (13.8) I4 - (14.9) I5 (15.0) I5 - 
Me1 2 (1.6)2 - (1.0) 1 (0.8) I - 
IIC 14 (13.0) 13 I (15.0) I5 (14.6) I5 - 
IAI I5 (13.9) I4 I (14.0) I4 (13.0) I3 I 
TYr 4 (3.8)4 - (3.2) 3 (3.2) 3 -- 
PhC 9 (8.7)9 - (10.6) I I (10.2) IO I 
LF IO (9.4) 9 I (11.7) I2 (10.6) I I I 
HiS 2 (1.8)2 - (1.1) I (0.9) I .- 
Au 9 (8.39 - (10.7) II (10.2) IO I 
Trp 2 (1.7)2 .- NDS ND - 

ToTod I81 I75 6 197 187 IO 

rcfminus~ Au Asx Au ha 

M.II 21500 21000 22am 21 500 

l Vha for Ti’ y~e cakulatcd from the amino ad qwnoc [8]. Values for Ti:. rib, and TiL 
wmalcuktsdhrcdupon8ndduoOr~I4rrriduaoTkudncudl3rrriduaofkudnc 
~in~.Vlh#inprentbaautIbebatnluabrreduponthcrwnOeofl&Za48ud 
72 hr hydrolymre values. excc@ for TIu and Scr w&b exrc found by ex~rapohioa to zero time 
vaks. uneacload VahKs are tbc bcsc integer vahus. 

t Dctaminsd as cyst& acid after perfomic acid oxidation [ 221. 
:ND. NOI dctermimxl. 
QDaminal by tbc Edaunduuyl Icdlniquc [200]. 
@emmind by SDS-PAGE [ 161. 
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TP AlpPbC-VBLku-kp Asnan-Gly-Ala-R*La, . . . 
. . . Gin-Phc-GleLy+Leu-lsrpLj+Glu-!Scr-Leu 
AA___ L&L’ 

I-l: Au-Pheval-tAi-An . . . PheGh-Lys-Leu 
--~~~~~~~~ 

T-i” AR-Phe-V&WAu-AlxGlx-Gty-ASX-RO . . & 
~-~\~~~LA~ 

-fiL Au-P&-V&Leu-An-Asx-Olx-Gty-Asx-Pro .. cp 

l Raiduawcredctcrmincdby--, ByI dcgr&tion; 
-, cuboxypcptida~ d&tien (A, B, or A+Bk -, 
bydrazindysis. 

Table 3. Rckue of amino ridr from per- 
formic acid oxidized K!Xl-Ti by arboxypep 

tidaxaA+B* 

abok rckaacd/mok protein 
R&due Ihr 4lu 

Leu 0.33 0.76 
LYr 0.35 0.72 
Gill 0.12 0.42 
Pbe QIO a36 

l Di@on wil cuboxrpcplidua A+B 
YU CuriaI out u dacrkd in rd. [2l]. 
R&8KdUklWri6~ibcnlifMddiN!Ctly 
ontbcaminoacidafulyacr. 

molcculal weights of approximately 22000 and 21300 
respectively. Tik is thus slightly am&r than Tib, anal- 
ogous to the T&/W pair. Amino acid compositional data 
indicates extensive similarity between Tib and Tik 
(Tab& 1). Inhibitor Ti& appears to k derived from Tib by 
tk loss of thra glutamyl two 8cryL a4 singk threonyb 
phcnylalanyl, kucyl, lysyl and arginyl residues. The above 
data suggest a relationship ktwccn these two inhibitors 
similar to that established ktwccn the KSTI rpsies of 
Amsoy 7 I; i.e. that Tik arises via limitad protcolysio of Tib. 

Ezamination of tk a&t&i of Tib and Tik by 
tk Edmandansyl degn&tion rcvcakd both to have tk 
same amino-terminal sequence as TP and Ti& (Table 2). 
Digestion of the performic acid oxidid inhibitors with 
combinal carhoxypeptidaxcs A and B yieldal ambiguous 
ruults, as did the digestion of oxidizui Tib with cuboxy- 
peptidasc A alore Digestion of native Tib with cuboxy- 
pcptid~ B alone resulted in no +rlrruA amino acida. 
Similar treatment of native Ti& rtsultai in tk rckasc of 
0.84 moles of lysine per mok of inhibitor during an 8 hr 
incubation, whik treatment with carboxypeptidaac A 
alone rclcascd no amino &ds. The ciuboxyl-terminus of 
Tik was thus established as lysine (Tabk 2). The carboxyl- 
terminus of Tib was unambiguously identified as scrine by 
hydrazinolysis (0.73 mole sctinc/molc inhibitor, no other 
tcrmini detect&). 

The analyses of the Kunitz inhibitors from both 
soybean cultivars therefore supports a general model of 
protcolysis at tk c-arboxyl-terminus of the Kunitz inhibi- 
tor IO produce tk inhibitor obsmal in the cotykdone of 
the young seedling. Previous reports [9] of immu- 
nolq?jcal kkntity ktwazl tk original aad post- 
germination forms of tk Kunitz inhibitor are readily 

uodastandabk in light of this prezursa r-product 
relationship. 

Tbc apparane of new inhibitor specks during @- 
nrtiondaivadfromtkinhibitwrprtseatintkquiacart 
sccdhasbccno~intkadzukibcan(VLqrua 
~)[lO]~tkmungban(Yiq~rodiol~)[ll].In 
tbc mung bean tk major dry aced inhibitor, MBTI-F. is 
convertad in a sequa~tial mpMer tot tk dcctropb- 
oretically distinct inhibitors MBTI-E and tkn MBTl-C 
[ 11). !kquenct determination of these inhibitors skwb 
that inhibitor E is derived from inhibitor F by pcotedysis 
at tk carboxyl-terminus [12]. Raxnt work in our 
laboratory with tk soybean indicates that tk major 
Bowman-Birk inhibitor of tk q ukent seed, BBSTI-E 
is converted to BBSTI-D [3]. through tk Loss of two 
amino &d residues, again at tk carboxyl-terminus [M. 
Madden, A. L. Tan-Wilson and K. A. Wilson, in press]. 
BB!VI-D however appears earlier in saxiling develop 
mcnt than does tk mod&d KSTI [3], possibly inditat- 
ing tk involvement of different modifying protcinascs for 
the two types of inhibitors. 

UtrUlMcNlAL 

P&N morrrbL d rrrrgmrr. Soybean seeds [ Glycinr max (L) 
Merrill] varieties Amroy 71 and Fiskeby V wee obtained from 

WY sul ComprnY (W IAr). and stokes scedl 
(Buffdo. NY) reqcctkly. scpbrdcl G-75 was from pbrrmrh 
Fine Cha&& whik DEAEellubae (DES2) was from 
whmtmm, Ltd. scpluncing rcymt& inchding pbeaylie 
thiocyuutcMdtrilltKK~riduercfromPieracbcmiuJ 
Co. Hydrazinc (95’/3 YII from EUUBUI Kodak Co. 
Cuboxypptida A and B, treated with diisopropyltluorophoa- 
phrc. and m KSTI were obuinad from !3gma 
Char&xl Co. Protein rw foe SDSPAGE were from Bio- 
Rd l&catoria Fl700 micropoty&& TLC pUes were 
pOdtbCtSofSchkicba~8hudlC0.Ragtntg&CpytiA& 
wur~uxedwithntob~ria~radinilkdpriorIourcum 
dcctrophomic or chromatogq&ic sotvent. All olbr cbcmiuk 
were raga.11 grade or better. AU pH nxasurcnxll~s were made at 
room temp. (21 f 1’) uaku orbcksc indworcd. Doubk dislikd 
WlWr was used tllrou~l. 

Germiauion ojsee& and coikcrion O/~&RI rissur. Seaia were 
hand rcloctbd for soundnaa, rinsaJ in H,O. and then planted in 
moisr vcrm~~lik. Plants were grown on a 12hr dry (25”)/12hr 
a@ (20”) cyck. Tii of growth was rak3nai from 1& time of 
planting. Afta thcrppropria~c period ofglowthcocykckxu were 
barvcskd. nnsai in HI0 and bkwd dry. Caykdons exhibiting 
mrrobial infaction were d&m&d. Tbc rcrmining cotytalons 
wercweighcdMdsIceda~ -8o”untilusai. 

Pwijirafiua ginM10rs. The Tib form of KSTl was pun&d 
from ungcrminrtod cuhiw Fir&by V roybanr. Seeds were 
ground~orcoulcpol&rinaWaringbkn&r.Tbcmalwas 
defauai at room temp. by uinirg with 3 ml of Me&O per g of 
ground tcad for 40 min. followed by filtrarion pnd air drying for 
24tu. Excr&ztion of the inlubitor was achirva! by rking rhc 
defa~tcd meal overnight at 4” in 1Oml of SOmM Tns-HCI 
+O.S mM sodium nxIoaatak +0.33 mM pknylmclhyl- 
rulphonyl Buorxk. pH 8.0 for every g of nual Tk homogaarc 
was filteral rhrough charackxh and centrifugal at I2 C@O 0 for 
1 hr at 4”. The supcmatanC w8s then djuslai 10 85 7. vturalion 
in (NH,)#O, II W and allowed to SIAIK! overnight at 4”. The 
pcucipirrtc was cdkctrd by antrifugation. and the supcmaanr 
acidi6ed 10 pH 4.2 a~ 0” tiIh HCL The copious ppr was mnovui 
by antrifugation and tbc pH ol the rupcnu~~~~r adjusrcd to 8.0 
with NaOH. 
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Tha soh was cbroautograpkd on a column of Scpb&x G- 
75 (5 x 14Ocm) as previously &xc&al [3]. Frrclionx were 
ntonitoral for A 1,0 and fm reactivity with anti-BBSn ud anti- 
KS?I antibodies by radhl iamunodilTusim Fractions showing 
KSTJ croxx-reactivity were poekd and dixlyxod qainxt 50 mM 
NH,OAc, pH 6.5. Tbc cquitikrtcd sxmpk wax applied to a 
DEAEctilukec column (Z5 x 1oOcm) equilibrated w-itb tbc 
same buffer. Tbc inhibitor was dutai with a linur gnditnt of 
O.Om.5 M NH,OAc, tbc latter buscr at pH 5, ax p&ouxly 
dcscrihcd [3]. The resultinR K!?Il pak was pookd and re- 
cbromxtograpbcd under the same conditions to obtain the Bnal 
prcpxrat~n of Tib. 

Tik wax puri6al from tbccotykdons of Fiskeby V wtal 
forattm6or 13&)rlltc&inhibitorfrac%onwuprqmrcd 
as dsribed above. except thrt the initial d&ttinR step was 
omitted. Gel tiltrrth of this prpntioa was as above. 
Subequent cbroautography on DEAE~lluhe u above re- 
sultcd in good resolution of the two KSfI rpacicr. Tik. cluting at 
0.26 M bulTer. and W. eluttnp at 0.28 M. fhJ~ K!Xl inhibitor 
peak wax rccbronutograpbad and thus pur&d to homogebeity. 

The TI& inhibitor wax prepual from Aanoy 71 cotykdons 
germinatal for 8 days. Extraction. cbromntography and samp& 
tratmcnt was ax dcsribed for TiL. Ti: was found to elutc at 
0.24 M bufler. and Ti’ at 0.27 M buffer. on the DUEocllulose 
column. 

Raficrl imunodijksbn. i&bit antisera to KSll were pre 
pared as previously dcxTibal [3, 131. RAdhl ilnmunodifTuxion 
wa3performaiudcd&bedinrcf.[14].~ w=pnprod 
from ~mmcrcially &nod K!ZTl (the Ti. va&nt). Concns Oc 
these stand&s were &tam&d qKctropbotornctricaJly wing 
an extinction coc&ient Et&of 10.01 for KSTl at 280 nm. Tbcrc 
was no dtffcrcnce in standud cury~ obuinal with ODmmcIcyll 
avrllxhk KSll (Tp) and the KSTJ q&a (Tib and Tik) & 
from Fixkcby V [ 141. 

Polyacrylamidt disc gel rlurrophoresis. PAGE yu performed 
bythemethodofref.[15]inI.5mmthicl:lO~(w/v)rryLmidc 
slab pk and stained witb Coomrrric Muc R (0.25 % in 45.4 2 
McGH + 9.2 ‘/. HOAc) The @x m dauined by diffuxion in 
12.5”, (w/v) isopropnol + 10% HOAc. R, v&m were caku- 

lotal relatrve to the brcmpkmol bhu ttiing dye. SDS-PAGE 
was performed in 12.5 ye (w/v) rryhmidc slab pk aamding to 
the method of ref. [16]. Staining vu as above. 

Sccqwwing paedwc. Sunpks for amino rid uulyxix Were 
bydrolysed tn wyo with 5.7 N HCI at I lo” for 20.48 ud 72 hr. 
ArrPlysirofbydrolrccdrrslplawrrpcrformedonrGkncoMM- 
70 amino ecid tiyxu quipped witb a ninbydrin dctcction 
rys~em. For the dct ermination of tryptophn. samples were 
bydrolysul as danihcd in rd. [ 17. 

Tkoauno-I cnni~l residue ofacb of tbc KSTI inhibiton was 
dctaztal using tbe dansylation method daaibcd in ref. [Nt]. 
Dansyl-amino rids were chromrtogr8pbcd and dmti6cd on 
mrropolyPmideTLCs&as~dingtoth~boddrrf.[19]. 

lnbiktor ammo-tcrmini were nmnumlIy ~cquarad us@ the 
Ednundansyl technique of ref. [20] witb tbc following mod& 

cation. After the coupliq md drytnp acp, rewtion by-products 
were removed by odclition of 1004 of H*O fdlowod by 
extmxion uitb three UlO jd abquots d butyl aoetatc. Dunyi 
MlhO8CidSUUCtili6dUdUXiM&OVC. 

Grboxyl-tcra&nal tuidua were i&nt&d by arborypcpti- 
&sex A plus B d&x&n aaordiq to the method of ref. [21]. 
Performic ridoxiditsd inhibitors were pepued by tbc method 
ofrcf.[22].l.&cr8tailmiao&lsweTci&lltifbcdhyaminodd 
analysis. Ahernmtivdy. the hydnzinolyxis prooodure of ref. [23] 
aMused. 

DurinprllpbascsofaMlysisoTtbc crprimcatal nmpkx Crib. 
Ti?, and Tik), idcntial analyxix ofTi.. wbou xequcatz is known 
[E]. was carried out ax a procedural control and rdamce. 
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