
One of the five low-mokcular-weight soybean pro&m inhibitors, protease 
inhibitor V (PI-V, Bowmae-2irk inhibitor) with 8 mdecuk weight of SCHIO ddtgns, 
is used for the a&&y chromatographic pmifkation of trypsin, chymokypsin and 
kallikrein. The PI-V covakutIy bound to Sepbarose 4B adsorbs bovine trypsin, 
chymotxqpsin or porcine kallikein at neuti pR. The adsorbed enzyme is eiuted 
from the column with buf5er containing a higher salt concentration and a lower PH. 
This low-mokcukr-weight PI-V affinity gel can. separate trypsin and chymotrypsin 
from mktures of these crude enzymes and can purify bo*& enzymes to a homoge- 
ncous degree. 

-- 

INTRODCEITON 

Kunitz inhibitor, a soybean protease inhibitor with a mokcular weight of 
21,400 d&tons, has been widely used to inhibit trypsin activity. Recently, this in- 
hibitor, covakntly linked to Scpharose 4B gel, has been employed to purify trypszil 
and chymotrypsk It was used for affinity chromatography of trypsin by Mosolov 
and Lu&nikoval, Bartling and Barkefi, Poratfi and Sundberg3, Liepnieks and 
Lighti*5, Sundberg and Porath6, of chymotrypsin by Porath’, of ki+lliirrein by Fritz 
et aA* and of both trypsin and chymotrypsin by Amneus et ~1.~. This product is 
available also from commercial sources for purification of both trypsin and chymo- 
trypsin’9 

We have described the isolation and puriftcation of five low-moleclalar- 
weight (7ooo-8000 d&tons) soybean protease inhibitors” and determined their 
usefhess as ligands for a5ity chromatogmphy of protezsesxz. Immunslo@c tests 
show that inhibitors I through IV are fidly cross-reactive with each other but are 
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distinct from inhiiitor V (PI-V, Bowman-Birk inhibitor)‘_ Enzyme inhibition tests 
show that only inhibitor V inhibits both trypsin and chymotrypsin and is the most 
potent inhibitor for trypsin among them_ For these ZZISOIIS, P&V may be u~efnl as 
a @aand for the &E&y purification of specific proteases. Since PI-V is only about 
a third the siz of Kunitz inhibitor and can completely inhibit both crystalline 
bovine trypsin and chymotqpsin at an equimolar concentration, we beJ.ieve that its 
case as a &and would further increase the capacity of an afIinity column for proteases. 
Furthermore, pepsin digestion of PI-V cleaves it into a tryptic and a chymotryptic in- 
hibitor fragment, both of which can be separated by gel filtration chromatography’3. 
Thus a specific af5nity column for a singie protease may be prepared_ In the study 
reported here, we have obsemed the interaction of PI-V with trypsin, chymotcypsin 
and kallikrein by &nity chromatography and applied the procedure to the purifica- 
tion of these proteases from crude enzyme mixtures. 

MATERlALS AND METHODS 

Low-molecular-weight protease inhibitor PI-V was purified from the Tracy 
cultivar of soybean as previously described”. Crystalline bovine pancreatic trypsin 
(165 units/mg) and chymotrypsin (37 units/mg) were obtained from Worthington 
(Freehold, NJ, U.S.A.)_ TAME, BTEE, EAN? crude trypsin (IO.4 unitsjmg in 
tryptic activity and 5.8 uaits/mg in chymotryptic activity) and porcine pancreatic 
kallikrein (2.5 units/mg based on BTEE activity) were purchased from Sigma (St. 
Louis, MO, U.S.A.). Sepharose 4B and Sephadex G-100 were Pharmzcia (Uppsala, 
Sweden) products. Ail other chemicals and reagents u.sed were of reagent grade. 

Sepharose 4B gel was activated with cyanogen bromide, according to the 
method of Porath et aZ.l’. Two znd a half milligrams each of trypsin, chymotrypsin 
or PI-V were covalently conjugated to each miliilitre gf activated Sepharose 4B gel. 
About 100 ml of each ape of gel were packed to a column (24 x 2.3 cm) for the 
chromatographic study. Each of the packed columns was washed with ten volumes 
of 1% ethanolamine, 0.1 M sodium borate buffer containing I M NaCI at pH 8-O 
(buffer 2), 0.1 &f sodium acetate btier containin, = 1 M NaCl at pH 4.0 (buffer 3), 
buffer 3 adjusted to pH 20 with concentrated NC1 (buffer 4) and finally each column 
was reequiIibrated with pH 7.0, 0.05 M Tris-HCI b-offer containing 1 mM C&l, 
<buffer 1). AII column eIutions were carried out at C°C in a coId room. Column 
5aw-rates were adjusted to about 2 ml/n&i_ Crystalline trypsin (50 mg), chymo- 
m (50 mg) or crude kallikrein (100 mg) was dissolved in 5 ml of bu.@er 1 for 
appEcation to a PI-V-!%pharose 4B column (bed voiume 100 ml). After the wash 
Bith three cohunn volumes of bu5er 1, the cohmms were eluted first with three 
volumes of btier 2, then three volumes of buffer 3 md finally with three volumes of 
btier 1 to re-equiJ.ibrate the co!umn. For the separation of enzyme mixtures, 120 mg 
crude trypsin (containing 35% of chymotryptic activity) were applied to a PI-V- 
Sepharose 4B column (26 x 1.5 cm, bed vohme 50 ml). Stepwise elution with 
buffers of -rent pH and salt concentzations was performed as described above. 

* Abbreviations: TAME = p:osyl argnyl methyl ester; BTEE = benzoyl tyms~l e-thy1 ester; 
BAN = N-rem-butyIo.xy-aIanyl n.itropbenyl ester; PI-V = Protease miiror V, -I%& in- 
luitor; SDS = sodium dodecyi Mate. 



The gradient elution procedure was accomplished with a Jinear gradient of thrr 
cohuun volume-s of pH 8.0 buffer (buffer 2) to three volumes of pH 4.0 b&&r con- 
taining 0.5 M sodium acetate and 0.5 M calcium chloride. The a&&y c&mm could 
be regenerated with three vohuues of buffer 4 and then equilibrated with ten volumes 
of bufher 1. The protein ehGed from the c&mn was monitored by measuring the 
absorbance of the eluate at 280 run_ 

Tryptic activity was measured by the rate of hydrolysis of TAME as 
monitored by the increase in absorbance at 247 um. Chymotryptic activity was 
measured by the rate of hydroolysis of BTEE as monitored by the changes in 
absorbance at 256 nr@_ Hastase-like activity was measured by the rate of hydrolysis 
of BAN as monitored by the changes in absorbance at 347.5 nm!6. .Kailikrein 
activity was mouitored by both BTEE and BAN assays and expressed as the change 
in absorbance per mg of enzyme in 10 min (A unit). Tryptic or chymotryptic activity 
was expressed as micromo&es of TAME or BTEE hydrolyzed per minute_ 

Daily urine samples from six normal adults were pooled aud conceutra%d 
from about 10 I to 40 ml with an Amican hollow fiber concentrator equipped with 
a cartridge for a moIecular weight cutoff at 10,000 daitons. The concentrated sample 
was dialysed against btier 1 and the enzymes purified by passage through the FI-V- 
Sepharose 4B column. 

Fractions with kaliikrein activity, eluted after the application of buffer 3, were 
pooled and concentrated in a Diafio concentrator. Further purification was achieved 
by chromatography on a Sephadex G-100 column (157 x 0.9 cm). The fractions 
containing a siugIe symmetric protein peak after gel filtration were pooled, dialysed 
and lyophiliied for characterization by polyacryhtmide gei electrophoresis in 0.1% 
sodium dodecyl sulfate according to the method of Weber and Osborr?‘. 

RESULTS 

The elution profile of 50 mg crystalline bovine trypsin on a PI-V-Sepharose 
4B column is shown in Fig. la; the profile of 5d mg crystalline bovine chymotrypsin 
is depicted in Fig. lb. In both Fig. la and lb, the peak eluted by buffer f (peak I) 
was inactive. The peak eluted by bu&r 2 (peak II) had less than 10% of the originai 
specific activity_ The protein peak ehrted with pM 4.0 buffer (peak III) was very 
active_ The fraction represented by the trailing end of peak III could not be com- 
pIetely eluted until the column was m-equilibrated with buffer 1 containing 1 m&f of 
CaCI,. More than 90% of the prctein applied to the column was recovered in the 
eIuate_ Residual uneluted enzymes, if any, were removed from the column by 
washing with buffer 4 and then equilibrating with pR 7.0 buffer. The elution prcfile 
of 50 mg each of the FE-V on a trypsin-scpharose 4B column (left) and on a chymo- 
trypsin-sepharose 4B column (right) is depicted in Fig. 2. PI-V was completely 
eluted by sequentially applying buffers 1,2 and 3, including a final elution with btier 
4. Less thau 20% of PI-V applied to the column was eluted with btiers L and 2. The 
maiu peak of PI-V was eluted witb buffer 3. The elution pro&s of PI-V on the trypsin 
coIumn and chymotrypsin cohrmn were quite similar, suggesting that either enzyme 
cau be used as a &and for a5ity purification of PI-V. 

The eh.itiOU profile Of lot) mg Of pOtit pmCmtiC kallihh (2.5 BTEE U&S/ 

Am protein unit) chromatographed on a PI-V Sepharose column is shown in Fig. 3. 
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Fig. 1. AftSty tzhmmzto~~ of 50 mg of pm-i&xi bovine trypsin on a PI-V-Sephanse 4B cdumn 
(la., Eek3) sod 50 mg of bovine cbymo~~ (lb, right) on tk =sme co!umn (UIQ ml). The asrow 
indicates *he fraction at whkh btier change oJzcun&. Protein coIlceE~ti0lls in the fncti0n.s wez 
monitored by absorbance at 280 mn. Each firaction volume equals 10 ml. 
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Fig. 2. Cbromatogrzphy of SO mg of purifkd Pi-V each on a ~in-Sephsose 4B column (feft) 
and on a cbymoouFsinsepharose 4B columtx (right) (both 100 ml). A pH 2.3 buffer ws added to 
the elutilxI profse before re-eqtiiibration to ensure complete removd of PI-V f4um the ca!umn. 
Protein concentrations in the fractions were monitored by absorbvlce at 2EiOnm_ Each fraaion 
contains iold. 

The madsorbed peak cmitained 50% of the protein applied but, 2s compd to 

the original sample, had less than 1% of the enzyme activity toward BTEE and 
BAN. The enzynze eluted with bufkr 2 represented approximately 1% of the protein 
applied to the column. Compared to the origiml unkctioriated sample, the main 
peak of activity eluted after the application of buff& 3 possessed a ten to twenty-fold 



389 

VOLUME (ml 1 

Fig- 3. Chromatography of 100 mg of purikd porcine pancreatic IcaIZikrein on a H-V-Sepharcse 
4B columzx (100 mi). Specific activity toward BTEE (open circle) is expressed as change in absorbance 
at 256 nm in 10 min per Am units of protein added- Specific activity toward BAN ( x ) is expressed 
as change ia absorbance at 347-S MI in IO min per Am units of protein added. ’ 

higher specific activity based on the BTEE assay. In contrast, the enzyme activity 
toward BAN increased only two-fold in peaks III, IV and V. 

When crude human urine concentrate containing k&&rein was chromato- 
graphed on a PI-V-Sepharose 4B cohmxn (Fig. 4), the unadsorbed dark brownish 
fractions (peak I) contained no detectable enqme activky toward either BTEE, BAN 
or TAME. The fractions eluted with buffer 2 showed low activity toward BTEE 

VOLUME (r&Ill 

Fig- 4. Chromatography of concentrated daily urine from six normal adults on a PI-V-Sepharose 
4E cohnn (100 ml). Ten-ml fractions were coIkted. Fractions eluted from 630 mI to 850 ml were 
pooIexI, concentrated and chromatographed on a Sephade.. G-100 coIurm~ Spe&c a&v&y is ex- 
presscdasintbelegemdofFig.3. 
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(I .2 u&s); the activity toward BAN was too low for measurement. The fractions 
elated after the application of buiTer 3 (peak Iii) exhibited appreciab!e ka.!hkrein 
activity even thou& the protein concentration in these fractions, as measured by 
absorbance at 2sO run, was less than 0.2 A. When the cohmm was re+x@ibrated 
with buffet I (peak IV’), an active peak toward BTEE (106 units) and BAN (17 units) 
was recovered. The activity ratio toward these two substrates was constant and was 
similar to that of a porcine pancreatic kahikrein repurified by the same procedure 
(Fig. 3). 

The elution profile of 120 mg crude pancreatic trypsin (containing 35% 
chymotrypsin) on a PI-V-Sepharose 4B column (bed volume 50 ml) is shown in 
Fig. 5. Using a.stepwise elution profile, the chymotrypsin was elutcd with b&r 2 
while the trypsiu~was retained on the column until the apphcatiora of buffer 3. The 
two enzymes, therefore, were well separated. Chymotrypsin and trypsin activities 
were increased twelve-fold and sixteen-fold respectively, as shown in Fig. 5, left. 
Both enzymes were eluted as multiple peaks through the gradient when a second run 
with a pH and salt gradient elution was conducted. The major peak of both 
enzymes emerged after the application of buffer 3 (pH 4.0) at the completion of 
gradient elution. A scvcn-fold purification of chymotrypsin and twelvve-fold putica- 
tion of trypsin were observed even though the two enzymes were not separated. 

DISCUSSION 

FRACTION rwMEER 1 
Fig. 5. Chromatogz&y of 120 mg crude paxreatic trypsin (containing 35% chymotrypsin) on a 
PI-V-Sepharose 4B column (SO mI) by stepwise elt.%ion (Ieft) and gradient cIution (right). Fraction 
volume equaIs 7 ml. SpccZic activity of trypsin is expressed as micromoles TAME hydrolyzed per 
min per mg protein added. Ch.ymotrypsin activity is exprrsed as micromokzs BTEE hydroIysed per 
minpermgpmteinadded. 

PI-V covalently linked to Sepharose 4B gel retains its a5ity for both trypsin 
and chymotrypsin. The fact that the spec& activity of neither crystalline trypsin nor 
purified chymotrypsiu showed any further increase after affinity chromatography 
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impks that the crystalline enzymes were of high purity. However, substanti$ 
purification of a crude mixture of trypsin and chymotrypsin was seen. Since trypsin 
ckaves the PI-V molecule at the Lys-Sr bond (residues 16, 17) and chymotrypsin 
cleaves at the Jku-Ser bond (residues 43,4+ at eqiiv&ent molar ratio in sohrtion, it 
is conceivable that the immobilized PI-V molecules on Sepharose 4B gel could have 
been mod&xi by the proteases during the chromatographic procedures. Nevertheless, 
the binding capacity of the column remained unchanged after each run. 

Furi&a&z of urinary protease can be achieved by one-step chromatography 
on a PI-V-Sepharose 4B cohunn. The activity of this protease is similar to that of 
kallikrein based on substrate specifici~_ The most purified kaUikrein exhibits only 

low activity toward TAME. The afFinity of PI-V toward kallikrein is comparable to 
that of aprotinin, a low-molecular-weight pancreatic trypsin inhibitor which has 
been used for the affinity chromatography of urinary kahikrein’*. 

In the stepwise elution procedure for the pm-if&&on of crude enzymes, the 
chymotryptic and tryptic activities are well separated and both enzymes are recovered. 
The eiution pattern indicated that the interaction of chymotrypsin with PI-V is 
affected by the binding of trypsin even though these two materials bind to separate 
sites on the PI-V molecule. A dcium and pH gradient ehrtion profile shows the 
incomplete separation and partial loss of chymotryptic activity which may be due to 
dcnaturation of chymotrypsin at high calcium concentrations. Such an event would 
be responsible for the tow recovery of chymotryptic activity. The recovery of tryptic 
activity, however, is increased as compared to that of the stepwise elution procedure. 
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