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ABSTRACT 

The major  trypsin inhibi tor  present m soybean 
seed [Glyeine max (L.) Merrill] is the  Kunitz try- 
psin inhib i tor  or soybean  trypsin inhibi tor  A2 (SBTI- 
Az). Four  types of  SBTI-A29 have been identified in 
the U.S. soybean g.ermplasm collection. Three of  the 
types designated Ti a, Ti t', and T~ c are eleeZrophoreti- 
cally distinguishable from one another  by thei r  
different  Rf values o f  0,79, 0.75, and 0,83, respee- 
tiveiy, The three types are inherized as codominant  
alleles in a multi!0ie alielic system at a single locus. 
The four th  type  which is the absence of SBTI-A2 
is found in P.l. 157440 and PA. 196168, The gone 
for the  tack of  SBTI-Az is designated ti and is 
inherited as a recessive allele to the  o ther  three  SBTI- 
A 29 types.  T~ a is -the most  c o m m o n  SBTI-A 2 type  in 
the germplasm collection. Linkage studies revealed 
that  the  SBTI-A2 protein is inheri ted independent ly  
of certain morphological  characters and chemical 
componen t s  of  seed. Potent ia l  applications of the 
SBTI-A 2 types are discussed. 

INTRODUCTION 

e v e ,  60 years ago, Osborne and Mendel (1) reported 
that  unhea ted  soybean (Glycine max [L.I Merrill) meal was 
inferior in nut r i t ional  quali ty to soybean meal that  had 
been properly heated. Physiologically, the ingestion of 
unheated  soybean meal causes pancreatic hype r t rophy  (2-5) 
in addi t ion to growth inhibi t ion.  These effects may be due 
to the upset  in the balance of me th ionme  and eystine in the  
pancreas (4,6), Among the factors generally a t t r ibuted to 
the poor  nutr i t ive value of unhea ted  soybeans are a group 
of proteins known as the trypsin inhibitors (7,8). Al though 
the trypsin inhibi tors  make u9 only ca. 6% of  the  total  
protein in soybeans (9), it has been est imated tha t  they 
may be responsible for 30-50% of the  growth inhib i tory  
effect and much of  the  pancreatic hype r t rophy  which 
Jesuits when monogastr ic  animals ingest unhea ted  soybeans 
(10,11). 

Several different  trypsin inhibi~cors Rave beezt reported in 
soybeans (9,12-17). However, muck  of the soybean trypsin 
inhibi tor  (St~TI) activity is ti~ought to be due to the  soy- 
bean trypsin inhib i tor  A~ (SBTI-A2) (18) ,  which was first 
CD'stallized by Kunitz  (16) and is commonly  known as the 
Kunitz trypsin inhibitor .  Iirgensons (19) established that  
the Kunitz inhibi tor  was a globular protein.  The primary 
s t ructure  of this prote in  was reported by Koide and ]ke~a- 
da (20) to consist of  181 amino acid residues and to have a 
molecular  weight of 21,384 dattons~ The active center  of  
Zrypsin binding in the K u ~ t z  inhibi tor  is the arginine 
63-isoleucine 64 bond (21). Wolf (21) has reviewed the  
physical and chemic~  propert ies of the Kunitz trypsin 
inhibi tor .  

Mississippi. The experimental  populat ions  were developed 
and mult ipl ied oa t  a t  the Agronomy South  Farm, Urbarta, 
and/or  the  Turner  Hall Greenhouse,  Urbaaa,  illinois, under  
the  direct ion of T. Hymowitz.  

Following is the  procedure developed for extracting 
SBTI-A2 and de termining  the electrophoret ic  banding 
patterns,  

A singie whole seed was crushed in a small coin envelope 
wi th  a hammer.  A 0.1 g por t ion  of  ~che meal was weighed 
out  and placed in a mortar,  Three ml of  the seed extract ion 
buffer  (0.092 M Tris brought  to pH 8.1 with HCI and 
13.023 M CaC12 �9 2H 2 O in a 13?; sucrose solut ion)  was added 
to the crushed meal. The meal was ground in the mortar  
with  a pestle until  well mixed and suspended in the buffer. 
The suspension was poured into a centrifuge tube and 
centrifuged for 10 m m  at 2000 x g. I h e  supematant  was 
decanted attd stored at 0 C unti l  electrophoresis. 

Polyacrylamide disc eleetrophoresis was run utilizing 
10% small pore acrylamide gels with a pH 8.3 Tris-gly~ine 
buffer,  in an anodic system (22). A 25-50/A volume of the  
supematan t  (protein  extract)  was layered on top of the  gel 
columns. A current  of  I m g  per tube was used for 5 rain 
and then increased to 3.5 ma per tube  for ea. 50 rain, or  
until  the b r a m o p h e n o l  blue t racking dye "almost reached 
the bo t tom of the  gel columns. The gels were then removed 
and stained for one hour  in an acetic acid-naphthol blue 

EXPERIMENTAL PROCEDURES 

The soybean accessions used in the screening investiga- 
t ions were obta ined from R.L, Bernard,  USDA, Curator  of  
the  Nor thern  Soybean Germplasm Collection, Urbana,  
Illinois~ and from E.E. Hartwig, USDA, Curator  of the  
Southern Soybean Germpfasm Collection, Stenvville, 

FIG. 1. Polyaerylarnide gels of seed extracts t'rorn seeds showing 
SBTi-A2band~. From left to right: 1, no SBTI-A 2 bsnd (ti); 2. Rf 
0.75 (77'~ Rf 0.79 (Tia);a. Rf0.83 (TIC). 
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FIG, 2. PoDacrylaalfide gels el" pa:ents and F 1 seeds of  soybean lirles having d$ffetent forms ~af the SBTI-A 2 protein. 1,rein let't to right: 1. 
T;'a (Rf 0.79) arzow points to the SBTI-A 2 band; 2. F t e,oss hel~veen 37 a and Tie; 3. Ti t~ (Rf 0.75) an:ow y~ints to the SBTI A,  hand;4 .  T~ a 
(Rf [3 79) arrow point~ to the SBTI-A 2 band; 5. I,' 1 o f  cross betweerl Tia and ~q-c; 6. TiC (Rf 0.83) arrow pofintx to the SRTI-A 2 band; 7.7} "b (Rf 
0.75) arrow poims to the SBTI-A 2 band; 8. F 1 cross between ;t~'b and T/e; 9. Ti e (Rf 0.83) arrow points tr lhe SBTI-A 2 band. 

b lack s ta in ing  so lu t i on .  Des ta in ing  was ca r r ied  ou t  u s ing  a 
gel des ta iner .  Iden t i f i ca t ion  o l  t he  SBTI-A 2 b a n d  t y p e  was 

t h e n  m a d e  o n  the  des t a ined  gals. All s amp l e  p r e p a r a t i o n s  
and  e l ec t rophores i s  o p e r a t i o n s  were carried ou r  at r o o m  
t e m p e r a t u r e .  

For  the  i n h e r i t a n c e  s tud ies ,  a small  p o r t i o n  o f  seed was 
c u t  f r o m  the  seed oppos f i e  the  e m b r y o .  T h e  smal l  p o r t i o n  
o f  seed was g r o u n d  in 1 mi  a f  b u f f e r  so lu t ion .  The  ex t rac -  
t i on  and  e l e c t r o p h o r e t i c  p r o c e d u r e  used  was t h e  s a m e  as 
t he  who le  seed  p r o c e d u r e  indir m the  p rev ious  para-  
g raphs .  A f t e r  determ~nfi~g t h e  g e n o W p e  o f  the  seed  in t h e  
small  porzion_ o f  seed~ the  res t  o f  the  seed  was p l a n t e d  to  
P roduce  t h e  n e x t  gene ra t ion .  

rden t i f i ea t ion  o f  t h e  K u n i t z  t ryps in  i n h i b i t o r  b a n d  in t h e  
gel or  t h e  lack o f  the  b a n d  was m a d e  by  a s say i ng  t h e  b a n d s  
for  t r y p s i n  ac t iv i ty  by a ,~pec t ropho tomet r i c  p r o c e d u r e  (23 )  
and  by c o m p a r i n g  t h e  r e su l t s  w i t h  t h o s e  f o r  c o m m e r c i a l l y  
available K u n i t z  t r yps i n  inh ib i to r .  

GENETIC STUDIES 

Two ele~: t rophoret ic  t ypes  Qf t h e  ABTI-A2 p r o t e i n  were 
~dentified by  $fingh et  al. ( 23 )  and  a th i rd  t y p e  was iden t i  
f led by  H y m o w i t z  (24).  T h e  l h r e e  e lec . t rophore t ic  t y p e s  
occu r  at R f  0 .79 ,  R f  0 .75 ,  and  Rf  0 .83  ( R f  = m o b i l i t y  
relative t o  a b r o m o p h e n o l  b l ue  d y e  f ron t  in a 10% poly-  
a c r y l a m i d e  gel anod ic  s y s t e m  us i ng  a p t I  8.3 T r i s - g l y d n e  

bu f f e r )  and are des igna t ed  Ti'a, T i b  and  TiCs respec t ive ly  
(25) .  Recen t l y  t w o  accessSon.q, P.I, I 5 7 4 4 0  and  P.I. 
196168 ,  were  iden t i f i ed  as l ack ing  the  SBTI -A 2 p ro te in  
band  (26 ,27) ,  Assays  o f  proteb~ b a n d s  in a c r y l a m i d e  gels o f  
b o t h  access ions  revealed  the re  w e r e n ' t  a n y  m a j o r  t ryps in  
i n h i b i t o r  b a n d s  p r e s e n t  in the  gels. Assays  o f  t h e  c rude  seed 
e x t r a c t  o f  P.[. 1 5 7 4 4 0  revealed t h a t  t he re  was 30-50% less 
t ryps in  i nh ib i t i ng  ac t iv i ty  pe r  g r am p ro t e in  tha~l in A m s o y  
71,  a commerc i .a l  s o y b e a n  cul t ivar .  The  lack o f  t h e  SBTI-Az 
p r o t e i n  is de s igna t ed  tL The  f o u r  e l e c t ropho re f i c  t y p e s  o f  
SRTI-A 2 arc s h o w n  in Figure 1. 

When  crosses  were  m a d e  b e t w e e n  s o y b e a n  l ines hav ing  
d i f fe ren t  e l e c t r o p h o r e t i c  t ypes  o f  SBTI-A~,  t h e  F j  seeds  
e x h i b i t e d  b a n d s  f o u n d  in b o t h  pa r en t s  (Fig. 2). The  F z 
seeds  segrega ted  in a 1:2:1 ra t io  for the  first pa ren ta l  
g e n o t y p e :  t he  h e t e r o z y g o u s  g e n o t y p e  ( b o t h  b a n d s ) ;  t h e  
s e c o n d  p a r e n t a l  g e n o t y p e .  A s u m m a r y  o f  t h e  resul ts  o f  
c rosses  m a d e  to e l uc ida t e  t h e  m o d e  o f  i n h e r i t a n c e  o f  the  
th ree  SBTI-A~ eleetz~phoxefic t y p e s  is s h o w n  fin TaSle I. 
These  re su l t s  a long  wi th  add i t i ona l  da ta  e s t ab l i shed  t h a t  the  
th ree  e l e c t ropho re t i c  t y p e s  o f  t h e  K u n i t z  t r y p s i n  i n h i b i t o r  
o c c u r r i n g  at R f  0 .79  (Tie) ,  R f  0 .75  (7~b), and  Rf  0 .83  (Ti c) 
are  c o n t r o l l e d  by  a c o - d o m i n a n t  mu l t i p l e  alleRe s y s t e m  at a 
s i n # e  l o c u s  (28 ,29) .  

W h e n  crosses  were m a d e  b e t w e e n  each  o f  1:he t h r e e  
d i f f e r en t  $BTI -A 2 t y p e s  ( T i n  7~'b or  T i c )  and  P.I. 1 5 7 4 4 0  
(a l ine w h i c h  t acks  t h e  SBTI-A2 p r o t e i n  band) ,  t h e  F 1 seed 

TABLE I 

Observed Segregation of g 2 o r  F 3 Seeds fr~>m Selfed F i or F 2 S~ybeen 
Ptaats Heteto2ygous for the Eleetropb.orefic Bands of  SBTLA2a 

CxO~ 
No. of  

Genoty pe Rf b reeds Homozygote Heterozygote Homozygote • Probability 

TiaTt "~ x T, ibTi  b 0.'79 x 0.75 100 26 SO 24 O.OB 0.96 
TI~Tt ~ x TFT{ e 0,79 x O.B3 274 63 136 75 1,07 0.59 
TibTi  b x TiCTt ~ 0.75 x 0.8.3 433 166 216 101 1.04 0.59 

aData taken in part from Hymowitz and Hadley (28) and O f f  and Hymowitz (29), 
bRf = mobility relative to a bromophenol  blue dye front fn a t0% polyacrylamide gel anodie system using a 

pH 8,3 Tr-Js-glycine buffer. 
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TABLE 1[ 

Observed Segregation af  F 2 S~ed f rom Setfed F~ Soybeaa  Plants 
for the Pre,enee (4-) or Absence (-) of the SBTI-A 2 Band a 

VOL 56 

Cross  

Genot ype Rf b No. o f  seeds +SBT[- A 2 -SBTI+A 2 X 2 Probabtl~ly 

TiaTi  a x tl N 0.79 320 239 81 0.017 0+90 
T~b T'i b x . t i  t/  0.75 160 119 41 0+033 0+86 
TiCT; ~ x Pi ri 0.83 320 241 79 0.017 0.90 

aData  :teken in paxi f rom Off  at at. (26) and Off and Hymowi t r  (25), 
bRf = mobil i ty relative to a b romopheno l  blue dye front  in a 10% polyaerylamide  gel anodic system using 

s pH 8.3 Tris-glyeine buffer. 

"fABLE 111 

Distribution of  the Kunitz Tryp+~in Inhibi tor  
I ~ p e s  in the USDA Soybean Gerraplasm Collection a 

Collection T: ~ T l  b Tic ti Total 

Asia 
Japan 284 183 
Korea 366 48 
China 794 9 
Other  345 37 

Europe 405 29 
Africa 56 
Other 

Cultivars 320 15 
Genet i c  Types B9 5 

6 
1 2 

4"f7 
417 
803 
383 
434 

56 

335 
94 

aData taken in part f rom Hymowi tz  et al. (2'7), Clark at al. (3a),  Hymowi tz  e ta l .  (319, 
Off  (321, and Skozupska and Hymowffz  (33). 

exhibi ted only one SBTI-A~ band,  the band of the parent  
containing ei ther  Ti a, Ti b or Ti c. The F 2 deed segregated in 
a 3:1 ratio for the presence or absence of  the SBTI-A2 
protein (Table II). These data es tabhshed tha t  the lack of  
the SBTI-A 2 protein in soybean seed is 5nhented as a simple 
recessive atleie to  Ti ~, Ti  b or  Ti  c (25,26).  

SCREENING STUDIES 

Virtually the  entire U.S. soybean germplasm collection 
was screened to determine the  frequency of the SBTI-A 2 
types within the col lect ion and to determine if the  $BTI-A~ 
types were associated with a part icular  r  o~ geo- 
graphical area (24,27,30-33). As shown in Table 11[, of  the 
2999 soybean accessions tested,  2659 accessions or 88.7% 
had the  Ti a allr All of  the  impor tan t  commercial ly grown 
soybean cultivars in the U,S. have the Tta allele. The Tl~ allele 
was found  in 11% of  the popula t ion  and appears to be 
associated wilh the soybean aeeessJans from Japan and 
Korea. The Tg~; allele was found  0.3% of the popula t iun  (8 
accessions) and is geographically associated with the  
Tohoku District of  Japan, The ti aIlcle occurred in 2 
accession~ (0.06% of  the popula t ion) ,  bo th  of which came 
from Korea (27). 

LINKAG E STUDI ES 

Investigations conducted  to de te rmine  whether  the Ti 
locus was linked to several o the r  loci revealed that  the 
following loci are inher i ted independent ly  of the  Ti locus: 
a) the  Dt  I locus (stern t~ rmmat ion) ;  2) the  Nz locus 
( f l o w e r  color) ;  3) the Ep locus (seed coat peroxidase);  4) 
the  S# 1 locus (a seed prote in  band)  (34);  and 5) the Le  
locus (a seed lcctin) (35). 

GERMINATION STUDIES 

Changes in three types of  the Kunitz t rypsin inhib i tor  
(7~'a Tib and TiC) during germinat ion were detected using 

polyacrylamide gel electlopho~-esis (36), In each populat ion 
there was a shift in the  mobili ty of tile SBII-A 2 band that  
appeared m the mature  dry seed. The changes in the elec- 
t rophoret ic  mobil_tries of the bands began about  day 4 into 
germinat ion and were completed by about  day 6 (Figs. 3, 4, 
5). Only part  of  the  SBTI-A2 band found in mature  dry 
seed was changed to the new type  during germination.  
These were no differences in the Rf distances be tween 
bands of the three types of SBTI-A2 found in mature seed 
and the Rf distances between the original and new bands 
found during germination, The new types of SBTI-A2 
no ted  during germinat ion could be due to a modificat ion of 
the original SBTI-A 2 protein by a pretense. Curiously, no  
changes or modif ica t ion of  the  SBTI-A 2 protein take place 
during seed development .  The SBTI-A~ electrophoret ic  
band that  appeared in the developing seed was the same 
band that  was found in the +nature seed. 

POTENTIAL APPLICATIONS 

Since the inher i tance  o f  the SBTI-A 2 is known,  the 
types can be used as genetic marker~ for determining F 1 
hybrids. The different  types can be used in cultivar identifi- 
cation or culti'r certification programs by crop improve- 
meat  associations (37). The SBTI-A2 types also can be 
utilized in biosystematic studies of the species in the genus 
Clyc ine  (389. 

Clark and i tymowi tz  (39) found tha t  lines with the  Tib 
allele had less t rypsin  inhibi t ing activity than lines with the 
Ti a allel. Subsequent  investigations revealed that  unheated  
defaZted meal f rom a Tib near isoline was nutr i t ional ly  
superior to  unhea ted  defat ted meal fxom the Ti a recurrent  
parent (40-43). Preliminary studies with chicks suggest ;ha t  
unheated defat ted meal  of  P.L 157440 Ui) gave greater feed 
efficiency and less pancreat ic  hype r t rophy  than  unhea ted  
defat ted meal from Amsoy 71 (T/a) (44). Perhaps soybean 
seed wi thout  the Kunitz t rypsin inh ib i to r  does not  need to 
be processed as extensively with moist  heat  as currently 
grown soybean seed. Therefore ,  a savings in energy and 
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FIG. 3. Polyacrylamide gels of seed extracts from germinated 
seed havin~ the ~'a SBTI.A2 band. From left to right: 1. day 0, Rf 
0.79; 2. day 2~ Rf 0.79; 3. day 4, Rf 0.79 and_ Rf 0.75; 4. day 5, Rf 
0.79 and Rf 0.75; 5. day 6, Rf 0.79 and Rf 035 ;6. day 11, Rf0.79 
and Rf 0.75. A~'mw points to the original SBT1-A 2 band, and the 
asteflsk indicates the ncw SBTI-A 2 band. 

processing costs inigh~ be reMized by  the processors  of  
soybeans  for the feed and food indust ry ,  

Obviously,  the  soybean  does no t  need the Kunitz  t ryps in  
inbSNtor  for i t s  survival  What exact ly is the role o f  the  
prote in  in soybean  seed, and what  is the selective advantage 
o f  soybeans  having the Kuni tz  t ryps in  inhibi~or? The 
availability of  soybean  lines w i t h o u t  the Kuni tz  t ryps in  
inh ib i tor  would appear  to be useful  to plant physiologis ts  
and biochemis ts  s tudying  the role of  t ryps in  inkibi tors  in 
soybean  seed. 
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