
Bmchemul Pharmacology. Vol. 26. pp. I IX7 1195. Pcrgamon Press. 1977 Pnnted 111 Great Hnta~n. 

PURIFICATION AND CHARACTERIZATION OF KININ-FORMING 
ACID PROTEASE FROM MOUSE FIBROBLASTS L-929* 

HSIN CHWEN LI, WILLIAM F. MCLIMANS and NATHAN BACK?. 

Department of Biochemical Pharmacology, School of Pharmacy, State University of New 
York and Department of Cell Physiology. Roswell Park Memorial Institute. 

Buffalo. NY 14207, U.S.A. 

(Receiaed 16 July 1975; uccepted 15 October 1976) 

Abstract-Purification and further characterization was carried out on a kinin-forming acid protease 
isolated from a rodent fibroblast cell line L-929 grown in stationary cell culture (N. Back and R. 
Steger, [7]). The cells. cultured in minimal essential medium containing lo”, fetal calf serum and 
0.4% lactalbumin, were homogenized. the homogenate dialyzed for 18 hr against 0.01 M phosphate 
buffer at pH6.8 in 0.1 M NaCl and l.OmM EDTA. and centrifuged at 10000 rpm for 45 min. The 
supernatant. which digested denatured hemoglobin at pH 4.0, was fractionated first on a G-200 
Sephadex column. Kinin-forming activity, compared with that of the supernatant on an isolated per- 
fused rat uterus preparation, was identified in fractions 25-40 when incubated for 24 hr at pH 4.0 
with rat plasma kininogen substrate. The active fractions were pooled and purified further on a hydroxy- 
patite column. Treatment of the active fractions with 5 mM cysteine increased the activity 2-fold. 
Final purification was carried out on a DEAE-A50 Sephadex ion exchange column. The purification 
factor. compared to the initial supernatant, was 9.4 with a 13.8”. yield and a specific activity of 2062.5 ng 
kinin per mg protein. Dialyzed and centrifuged rat plasma fractionated on a DEAE-A50 Sephadex 
column initially yielded two apparent kininogen species which resolved into a single major molecular 
species following passage through a G-100 Sephadex column. The purified enzyme and substrate prep- 
arations were used to establish the optimum kinin-forming activity at pH 3.811.0. The molecular weights 
of the enzyme and kininogen were estimated on a G-200 Sephadex column to be 38000-39000 and 
115000 respectively. The amount of kinin formed was a function of incubation time and enzyme 
concentration. The acid protease activity was found localized primarily in the 1OOOOg supernatant 
cell fraction. The 500 g cell fraction also exhibited activity. 

Kinin-forming protease systems recently have been 
identified in malignant tissue and fluid. Thus, both 
;Ilk;llinc r I 71 and acid protenses [4-71 capable of 
forming vasopeptidc kinins have been found present 
in the rodent Murphy-Sturm Iqmphosarcoma [I. 43. 
malignant cells and ascites tumor fluid [2.3,5,6], and 
rodent fibroblasts grown in stationary cell culture [7]. 
The fibroblast acid protease formed kinin when incu- 
bated with kininogen substrate from rat plasma and 
the Murphy-Sturm lymphosarcoma. In the previous 
report, neither the enzyme nor substrate was puri- 
fied [7]. In the present study, the mouse fibroblast 
L-929 cell line was cultured in sufficient quantity to 
permit the purification and further characterization 
of the protease. In addition, the rat plasma kininogen 
substrate was isolated and purified. 

MATERIALS AND METHODS 

Culture of L-929 cell line. Mouse fibroblast cells 
L-929 (Grand Island Biological Co.. Grand Island, 
NY) were cultured continuously in Spinner flasks 
with Minimal Essential Medium (Becton, Dickinson. 
& Co., Cockcsville, MD) containing lOoi, fetal calf 

serum and 0.4”,; lactalbumin. The cell population was 
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maintained at 2 x lo5 - 10 x lo5 cells/ml and the 
pH of the medium automatically controlled between 
7.2c7.48 [S]. Cell viability was estimated between 
85-987: by the trypan blue exclusion test [9]. 

Fihrohlast acid protease. Initial isolution. L-929 cells 
in medium (300-500mg) were centrifuged at 
3000 rpm, sonicated for li min 5 times with a Bron- 
will@ Biosonik sonicator (Rochester. NY), and then 
centrifuged for 15 min at 10000 rpm in a refrigerated 
centrifuge. The supernatant was dialyzed for 48 hr 
against a 0.01 M NaH2P0, :Na2HP04 buffer, pH 6.8, 
in 0.1 M NaCl and 1.0 mM EDTA. The dialyzed 
supernatant had a vol. of I8 ml with a protein concen- 
tration of 5.9 I mg/ml. Protease activity was measured 
initially on a denatured hemoglobin substrate (Worth- 
ington Labs, Freehold. NJ). Two ml of the superna- 
tant together with 2.0 ml acetate buffer. pH 4.0, were 
incubated with 4.0ml of a 2.5”,; hemoglobin solution 
for 60 min. Four ml of a lV>;, trichloracetic acid solu- 
tion was added. the incubate filtered through a What- 
man #l filter, and the optical density read on a Gil- 
ford spectrophotometer at 280 rn+ Control tubes con- 
tained equivalent vol. of buffer, supernatant, trichlor- 
acetic acid and hemoglobin which were incubated for 
60 min and then filtered. 

Initial purijicatiorl. G-200 Sephade.~. Initial purifica- 
tion was carried out on lo9 fibroblast cells that were 
homogenized for 8 min in a glass cell homogenizer. 
The homogenate was dialyzed 18 hr against a 
0.01 M NaH,PO,:NaH,PO, buffer, pH 6.8, in 
0.1 M NaCl and 1.0 mM EDTA. After centrifugation 
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for 45 min at 12,000 rpm. the 9.0 ml vol. supernatant 
had a protein concentration of 6.38 mg/ml, which was 
applied onto a G-200 Sephadex column. 2.5 x 90 cm. 
Eluent fractions were assayed for kinin-forming ac- 
tivity in the following fashion: 0.5 ml of the fractions 
was added to 0.3 ml of a 0.56 M acetate buffer at 
pH 4.0. 0.2 ml titrated rat plasma. 0.1 ml of I”,, 
l~lO-phenanthroline. 0.2 ml soya bean trypsin inhibi- 
tor (SBTI. 10 m&ml), and incubated for 24 br at 37 , 
(The SBTl was added to inhibit any possibte plasma 
k~~llikrein contaminant: SBTI and ~~protinin [Trasy- 
loll had been shown previously ineffective against the 
fihroblast acid proteasc activity [7] 1. Following incu- 
bation. the mixture was neutralized with 0.3 ml 1.0 M 
Tris buffer, pH 7.8, and 0,025-O. 10 ml vol. bioassayed 
for smooth muscle stimulating activity (kinin) on the 
isolated rat uterus perfused with Tyrode’s solution in 
a IO ml bath at ambient temperature. 110 22 [7]. The 
hciphrh of muscle contraction was recorded on a San- 
born polygraph \ia a transducer. and compared with 
that obtained with a reference synthetic bradykinin 
standard (Schwarz~Mann, Orangeburg. NJ). The sp. 
act. was calculated in terms of ng b~dykinin released 
per mg protein prepa~~tio~l. 

II!,tl/.c,.~~(trilcrrirr ~,o~~~/~~~~. The I 7 ml vol. of the 
G-200 Sephadex-purified preparation (3.8 mg,+nl) then 
was applied onto a hydroxylapatitc column, 
2 x 30 cm. The initial equilibrating bu&r was 0.01 M 
phosphate buffer, pH 6.X. in 0. I M NaCl and I .O mM 
EDTA. After elution of the first peak. a linear gra- 
dient of I50 ml of the initial buffer to 150 ml of 0.12 M 
phosphate buffer in I .O M NaCI and I .O mM EDTA 
was used. All the fractions were assayed for kinin- 
forming activity as described above. and sp. act. cal- 
cuiated. 

C‘!arrir~r ~~r~~,~~fi~~?~. The active fractions from the 
hydr~~xylapatite column were pooled. the protein con- 
centration determined to be 0.65mg,iml (14mt). and 
then dialyzed for 18 hr against 500 ml 0.01 M KHZ 
PO4 :KZHPO, buffer at pH 6.8 in 0.1 M KC1 contain- 
ing 5 mM cysteine. Aliquots of OS ml of dialysate 
were incubated with 0.2 ml rat plasma kininogen sub- 
strate, 0.3 ml acetate buffer, 0.1 ml l,lO-phenanthro- 
line, and 0.1 ml aprotinin (50000 units/ml). After neu- 
tralization with 0.3 ml Tris buffer. 0.025-0.1 ml vol. 
were bioassayed for kinin-forming activity, and sp. 
act. calculated. 

DEAE-ASO ion rxch~g~ cwlrttm The cystcine-acti- 
vated protease preparation (11 ml with a protein con- 
centration of 0.73 rng~mll was applied onto a 
DEAE-A50 ion exchange column, 1 x 20cm. The 
column was equilibrated with 0.01 M KHZ 
PO, :K,HP04 buffer. pH b.S, in 0.1 M KC1 and 
1.5 mM mercaptoethanol. The initial eluting buffer 
consisted of 50 ml of the equilibrating but%&. A linear 
gradient of 150ml of the initial buffer to 150 ml of 
0.01 M KH2P04 :K,HPO, in 0.1 M KCI and 2.5 mM 
mercaptoethanol was used. The fractions were 
assayed for kinin forming activity. and the sp. act. 
calculated. 

R~rt phmi kininoqer~ pw$crr/ion. DEAE-A.iO 
~&m. Blood was drawn from the abdominal aorta 
of anesthetized Holtzman female rats. anticoagulated 
with 3.8”,, sodium citrate, and plasma collected fol- 
lowing centrifu~ation. Twenty-five ml of the rat 
plasma was dialyzed for 10 hr at 4 against a 0.01 M 

sodium phosphate buff‘er. pH 6.X in 0.1 M N&I antl 

l.OmM EDTA. The dialysate was centrifuged at 
3000 rpm for ?Omin. and the supernatant iltered 
through a Whatman #I filter paper. The filtrate 
(20 ml with a protein concentration of 39 mg,/ml). was 
applied onto a DEAE-A50 column. 2.5 x 30cm, The 
flow rate was 20m/hr. The column was developed 
with 240 ml of the starting buffer followed by a linear 
gradient of 95 ml 0.1 M NaCl to 95 ml 0.5 M NaCl in 
the 0.01 M phosphate buffer, pH 6.8. A 101. of I90 ml 
phosphate buffer in 0.5 M NaCt was added followed 
by a linear gradient of 75 ml 0.X M NaCI to 75 ml 
I .3 M NaCI in the phosphate buffer, pH 6.X. The frac- 
tions were assayed for kininogen by incubation oi 
0.5 ml aliquots for I8 hr at 37 with 0.1 ml (1.2 mg;ml) 
purified acid protease, neutralized with 0.2 ml 
1.0 M Tris buffer. pH 7.8. and kinin formed estimated 
on the isolated perfused rat uterus as described abo1.e. 
Kininogen was calculated in terms of ng kinin formed 
per mg kininogen protein. 

G-li)lI S@znri~~x c&wr,~. 4ml of kininogen I peak 
( 1.64 mgiml) and 3 ml of kininoeen peak II 
(7.75 mglml) were applied onto a G-100 Scphadrx 
column. 2.5 x 9Ocm. equil~br~~ted with 0.01 M KHZ 
PO, :K,HPO, buffer in 0.1 M KCI and 2.5 mM mer- 
captoethanoi. Aliyuots of the elutcd fractions wcrc 
assayed for kininogen on the rat uterus. and the sp. 
act. calculated. 

Disc !/(‘I clrc~rrophorrsis. The extent of ‘homogeneity 
of both the purified enzyme and kininogen prcp- 
arations was determined by d&c gel electro- 
phoresis [lo]. The gel solution was prepared by mix- 
ing 20 ml of 0.12 M Tris-glycine. pH X.6 with 0.1 ml 
loo”,, N.N.~~‘-,~‘-tetraethylethylene diaminc. 0. IS ml 
20”,, ammonium persulfate. and 47 ml distilled water. 
Then 15 ml of a filtered 20”,, cyanogum 41 solution 
was added and the solutions pipettcd into glass tubes 
(0.6 cm x I3 cm) mounted on a vertical disc-@ clec- 
trophoresis apparatus. The gel was allowcti to solidify 
within IO min. and a drop of distilted water added 
onto the top of the gel surfacc to prevent concavity 
formation. The upper and lower chambers of the elec- 
trophoresis apparatus were tilled with 0.03 M Tris- 
glycine, pH 8.6. A vol. of 501’1 of the enryme or suh- 

stratc test samples obtained during the various steps 
of purification was added to the gel tubes. The 
DEAE-A50-purified enzyme sample (0.1 ml) was 
treated for 15 min with IO mg cysteinc and refrigcr- 
ated overnight before disc ,ael electrophoresis. The 
etectrophoresis was carried out for 11 hr with a cur- 
rent of 2.S ma per tube and a voltage of 3X0 V in 
the cntirr system (LKB power supply). At the end 
of the efectrophoresis, the gel from each tt~bc was 
removed and immersed into 12.5”,, trichloracctic acid 
for 15 min. The g$ then was transferred to a 25 ml 
glass tube filled with 10 mg”,, coomassic brilliant blue 
in 12.5”,, trichloracetic acid. After 1; hr. the gel was 
washed overnight with S’,, acetic acid. and the protein 
bands in each of the tubes assayed for rcspeclike ac- 
tivities. Duplicate tubes were run for correlation of 
protein band with activity. 
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brated with the following markers of known mol. wt: 
aldolase (25 mg), ovalbumin (5 mg), chymotryp- 
sinogen A (4 mg), and ribonuclease (4 mg) (Pharmacia, 
Upsala. Sweden). The calibration curves were con- 
structed from multiple runs of individual markers and 
runs performed with mixtures of standards with wide 
molecular weight ranges. The void volume (Vo) was 
determined with blue dextran, and the total column 
volume (v,) calculated on the basis of the formula: 

F = (~~~)2(~~(colunln height) = 45.4 ml 

The elution volume (I/e) was determined in the fol- 
lowing manner: the Vr values of the standards (aldo- 
lase, ovalbumin, chymotrypsinogen A. ribonuclease) 
were determined by applying each standard onto the 
Sephadex column and pooling the eluent from the 
first tube to the maximum peak consecutively. The 
peak maxima were recorded on a UV Scan III UV 
Monitor with a 26Omkc filter (Buchler, Fort Lee, NJ). 
The 1/, values of both the DEAE-A50 purified pro- 
tcasc (0.80 mg) and kininogen II (0.88 mg) were deter- 
mined by also pooling the eiuent from the first tube 
to the Inaxirnllrn peak. The peak maxima were deter- 
mined by the appro~~ri~~te bioassay technique de- 
scribed previously. The partition coefficient (I<,,.) 
values of each standard and test agent were calculated 
from the formula: 

where C; = total column volume; C’o = void volume; 
1’0 = elution volume of standard or test agent. 

pN projle oj‘rtcid ~YO~CCISC. The pH profile for the 
kinin-forming activity of the purified acid protease 
on the kininogen substrate was determined using the 
following pH solutions: pH 1.0, 0.05 M KH1- 
PO4 :HCl; pH 1.5.0.05 M KHPO, butl’er; pfi 2.0 and 
pH2.5, glycine: HCl; pH 2.8. citric acid: NaOH; 
pH 3.0 and pH 3.3. citric acid: sodium citrate; pH 3.6. 
pH 3.8. pH 4.0. pH 4.2. formic acid: sodium for-mate: 
pH4.5, pH4.8, pH 5.0, acetic acid: sodium acetate: 
pH 5.5, citric acid: sodium citrate; pH 6.0, histidine 
buffer; pH 7.0. imidazole buffer; pH 8.0, Tris buffer: 
pH 9.0. histidine buffer: pH 10.0. glycine buffer: 
pH I I.0 glycocoll buffer: pH 12.0, phosphate buffer. 
The incubation consisted of 0.2 ml of rat plasma 
kininogen pcdk II (1.2 mg/ml). 0.2 ml acid protease 
(0.6 mg/ml). and 0.3 ml of the respective buffer. The 
mixture was incubated for 15 hr at 37’. boiled for 
I S min. neutralized with 0.2 ml I .(I M Tris buffer. 
pH 7.8. and kinin assayed as described prcviouslq. 

K itlirl iclcirsc t&/l ~~S~)~~~~ lo tirrtr <if%/ L”IZJ?‘JIIC (‘On- 
~~,~~~~~~fj~~f, A fixed coIlcentration of 0.075 mg DEAE- 
Sephadex purified plasma kininogcn was incubated 
with DEAE-Sephadex purified acid protease in con- 
centrations of O.O19mg, O.O3Ymg, 0.075 mg, and 
0.120mg for 4. 1, 2. 4. and 8 hr respectively. The incu- 
bation vol. was 0.3 ml of 0.56 M acetate buffer. pH 4.0. 
At the end of each incubation time. the mixture was 
boiled for 3 min and 0.1 ml of 1 M Tris buffer. pH 7.8 
was added. The kinin formed was bioassayed on the 
isolated perfused rat uterus. 

En-_.~~ne /ocn/i:trtion. Cell fractionation was carried 
out to determine the localiration of the acid proteasc 
aclivity in various ccli fractions prepared by ccntrifu- 
gation. Fibrobl~~st cells (10”) were homogenized three 
times for 2 min each time. and dialyzed for 22 hr 

against 0.01 M phosphate buffer. pH 6.8 in 
0.1 M NaCl and 1 mM EDTA. The dialysate was cen- 
trifuged at 1500 g for 15 min and the precipitate col- 
lected as the 1500 g fraction. The supernatant then 
was centrifuged at 1OOOOg for 20 min yielding the 
10000 g soluble supernatant fraction and the 10000 g 
precipitate fraction. For assay. the respective fractions 
were reconstituted with the initial phosphate buffer 
to the following vol.: 1500 g fraction. 23 ml: IOOOog 
supernat~~nt fraction. 21 ml; IO~g precipitate frac- 
tion. 21 ml. Each fraction was assayed for killin-form- 
ing activity by incubating 2.5 ml of each fraction with 
l.Oml rat plasma, 1.5 ml acetate buffer (pH 4.0). 
0.5 ml, l,lO-phenanthroline (10 mg/ml), and 0.5 ml 
aprotinin (50,000 units/ml) for I+. 2. 4, 5 3!:4, 9.19, 
and 48 hr. Aliquots of 1.2 ml of the incubation mix- 
ture were withdrawn at each time interval, 0.3 ml of 
1 M Tris buffer, pH 7.8, added. and the mixture boiled 
for I5 min. Microliter vol. were withdrawn and 
assayed for estimation of kinin on the isolated per- 
fused rat uterus. Appropriate control tubes were pre- 
pared containing all of the above components and 
an additional 2.5 ml of acetate buffer in place of the 
cell fraction. 

RESULTS 

Iniricd acid protrase asstry. The L-929 cell dialysate 
digested denatured hemoglobin when incubated 
together at pH 4.0 for 60 min. Tubes containing the 
cell-sonicated dialysate and hemoglobin gave an 
extinction (E) reading at 280m;1 of 1.097 while con- 
trol tubes gave a reading of 0.914. Further evidence 
of an acid protease activity was obtained when the 
dialysate, incubated with rat plasma at pH 4.0, gener- 
ated smooth muscle stimulating activity (kinin) as 
measured on the isolated perfused rat uterus. This 
smooth muscle stimulating activity was abolished 
when the dialysate-substrate mixture was incubated 
with the known kininase carboxypeptidase B (Worth- 
ington Labs., Freehold. NJ). 

Initial purifiwrion WI G-200 Sepharh. The elution 
profile of the fibroblast acid protease through G-200 
Sephadex is shown in Fig. I. Kinin-forming activity 
was present in fractions 25-29 (low activity) and 
33 42. The pooled 25-42 fractions had a yield of ap- 
proximately 100 per cent based on the amount of 
kinin formed per mi eluant. The sp. act. of the super- 
natant dialysate was 220.5 ng kininjmg protein 
whereas the 25-41 fracticm pool had a sp. act. of 
520.7 ng kininimg protein. The purification was in- 
creased over the dialysate by a factor of 2.4. 

N~ff~os~icfptrtitr c,hronlatoyrctpb~. Kinin-forming ac- 
tivity was found in fractions 49-61 when the G-200 
Sephadex purified fractions were chromatographed 
through hydroxylapatite. Fig. 2. The pooled fractions, 
when concentrated to 20 ml with an Amicon UM # 2 
membrane and dialyzed against a potassium phos- 
phatc-KCI-cysteine buffer system. had a sp. act of 
1064.8 ng kinin,/mg protein. These steps increased the 
purification almost S-fold with a 34.9 per cent yield, 
Table 1. 

DEAE-AS0 Scplwriex tr~tion ~.~~~~i~~~~. Fig. 3 rep- 
resents the ion exchange profile of the acid protease 
when passed through a DEAE-A50 column. The 
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G-ZOO Sephadex (2.5x9&m ) fractions, were puoled and had a protein concen- 
tration of 0.36 mg/ml. The sp. act. of this fraction pool 
was 112.2 ng kinini’mg protein and the purification 
factor was 3.9. Table 2. 
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Elution Volume 

Fig. 1. Fractionation on G-200 Sephadex (2.5 x Bflcm) of 
fihroblast L-929 (IO“ cells) cell homogenate dialysate. Cells 
were homogenized for 8 min. dialyzed 18 hr against a 
0.01 M NaHZP04:Na2HP0, buffer, pH 6.8. in 0.1 M NaCl 
and I mM EDTA. and centrifuged at 12000 rpm for 
45 min. A 9 ml vol. containing 6.38 mg protein~Rl1 was 
applied. Eluent fractions were monitored for protein con- 
centration (E of 280). and OSml afiquots measured foi 
kinin forming activity on rat plasma kininogen in 0.56 M 
acctitte buirer. pH 3.0. containing I. f0-phenanthroline and 

Disc yrl elz~r~ophor~sis. Apparent homogenous acid 
protease was obtained as indicated by the disc gel 
patterns. Fig. 6a. Step-wise ~~lri~cat~on was achieved 
yielding a single band with protease actit/ity. Disc gel 
electrophoretzc patterns for rat plasma and kininogen 
purified in a subsequenr study by similar techniques 
indicate a major kininopen protein band and ma_ior 
protein band of impurity. Fig. 6b. 

.~~~~~~l~/i~r ~~~~~~~~~~~ clfitrrllintrtiorls. The elution vol. 
(VC) of the standards and test materials were: aido- 
lase. 24.7 ml: ovalbumin, 31.7 ml; chymotrypsinogen 
A, 36.3 ml: ribonuclcasc. 38.9 ml: acid protease, 
33.0 ml: peak II kininogen. 26.2 ml. From the G-200 
gel filtration data. the mol. wt of the acid protease 
was estimated at 38000 39000 and the peak II 
kininogen mol. wt estimated at 115#il, Fig. 7. The 
partition coeficient of each c(~mponent is shown on 
the ordinate and the mol. wt shown on the abscissa. 

soya bean Irp%in inhibitor (SBTII. 

enzyme eluted from the column first without the riced 
to apply a salt gradient. The final sp. act. was 
2062.5 ng kininimg protein with a 13.8 per cent yield. 
Compared to the activity of the supernatant dialysate, 
the final purification was almost IO-fold. Table I. 

Pur@ution (f rat plr~vw kinimgm. Two substrate 
peaks for the purified acid protease were obtained 
when 25 ml of rat plasma was f~ctionat~d on a 
DEAE-AS0 ion exchange cotumn. Fig. 4. Fractions 
25-45, which constituted peak 1. when concentrated 
to 8.0 ml, had a protein concentration of I .64 me,iml 
and a sp. act. of 22.9 rig kinin%q protein. Table 3. 

A second kinino~~~l peak If ~15 found in fractions 
55-63 and. when concentrated to 8.7 mi, bad a protein 
concentration of 7.75 mgiml. The sp. act. of peak 11 
was 77.4ng kinin/mg protein with a yield of 18.6 per 
cent and an almost 3-fold purification compared to 
the original rat plasma. 

G-l(JO jj’~~ti~ztrtior~. Four mls of peak 1 and 3 mls 
of peak II kininogen fractions. when applied onto a 
G-100 Sephadex column. yielded a major peak in 
fractions 14-X). and a smaller peak in fractions 2 l-23. 
Fig. 5. Fractions I5 17. representing the peak activity 

Fig. 3. ~hrorn~ito~~~tpli~ on h~dro~~l~lp~ititc column 

(2 x 30cm) of’ G-ZOO SeE’iladelc-purified acid proteasc 
( I 7 ml. 3.8 mg protein;‘ml: sp. act. of’520.7 ng kininlmg pro- 
tein). Initial equilibrating hulrcr was 0.01 M phosphate 
buffer, pH 6.X. in 0.1 M NnC‘I and I mM EDTA. After 
appearance of first protein peak. a linear gradient was 
applied of’ I50 ml 0.01 M phosphate buffcr in 0. I M N&l. 
1 mM EDTA to IS0 ml 0.12 M phosphate buffer in 
I.0 M NaCI. I mM EDTA. Protein was mani tot-cd con- 
tinuously and eluent fmctions assayed for kinin-~orlnin~ 

activity as indicated in Fig. 1. 

Table I. Summary of’ purification of acid pro&w from L 029 tibrohlast 
--- 

Procedures 

VOl 
(ml) 

Protein 

(mg;mi) 

Kinin- 
forming 
activity* 

(ngBKiml) 

Specific 
activity 
ngBK: 

mg protein 
Yield 

f”,,J 
Purifo:rtion 

factor 

I-929 cell (IO”) 
Supernatant dialysatc 17.0 8.8 1940.0 ‘?I 5 _- ._ 100 I 

G-200 Sephadex 17.0 3.x 1978.7 520.7 IO?. 2.4 
H~drox~f~~p~~titc 
(After dralysis LS Ii.0 0.73 727.0 1OAJ.X 33.1) 4.x 

cysteine) 
DEAE-A50 Sephadex I 1 .o 0. ‘0 112.5 1061.5 13.x 9.4 

~_li_^__ --- - 

*Activity in terms of kinin formed following 24 hr incubation ol‘ 0.5 ml fraction with 0.7 ml rat plasma 
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DEAE-A50 Sephadex (lx20cm) 

Protein 

03 

Fraction Number 

Fig. 3. Fractionation of cysteine-activated, hydroxylapatite- 
purified acid protease (1 I .O ml. 0.73 mg protein/ml, sp. act., 
1064.8 ng kininjmg protein) through DEAE-A50 ion 
exchange column (I x 70cm). The column was equili- 
brated with 0.01 M KH2P0,:K2HP0, buffer. pH 6.8. in 
2.5 mM mercaptoethanol. Initial buffer was 50 ml of equili- 
brating buffer followed by I50 ml of equilibrating buffer 
to 150 ml of a 0.01 M KH,P0,:K2HPOd. 1.0 M KCI. 
2.5 mM mercaptoethanol linear gradient. Bioassay condi- 
tions were as described in Fig. 1. Sp. act. of the eluent 

was 2062.5 ng kinin/mg protein. 

pN p@ile of r/~e Lucid plotease. The acid protease 
formed kinin within a relatively narrow pH range, 
Fig. 8. Optimal activity was at pH 4.0. At that pH, 
137 ng kinin/mg substrateimg enzyme were generated 
following 15 hr incubation at 37 

Time cowse of kinin r&use. The time course of 
kinin release was directly proportional to the enzyme 
concentration at a fixed substrate concentration, Fig. 
9. With increasing concentrations of enzyme, increas- 
ing amounts of kinin were formed. Kinin release 
appeared to increase nonlinearly with respect to time 
at higher enzyme concentrations. 

Suhcrllulav loculizution of ucid protease. The major 
amount of kinin-forming activity was contained in the 
1OOOOg supernatant fraction of the cell. Fig. 10. This 
fraction contained 61.5 per cent of the activity calcu- 
lated after 48 hr of incubation. The 1500 g cell fraction 
contained 38.5 per cent of activity whereas the 
1OOOOg precipitate fraction was devoid of activity. 

DISCUSSION 

Data herein presented do extend previously pub- 
lished findings regarding the kinin-forming acid pro- 

tease identified in mouse fibroblasts [7]. This acid 
protease was shown to utilize hemoglobin as a sub- 
strate similar to other acid proteases reported in the 
rat Murphy-Sturm lymphosarcoma [4]. human gas- 
tric carcinoma [ 111. renal carcinoma [ 121. Jensen sar- 
coma 1131, and tumor interstitial fluid [14]. A IO-fold 
purification of the fibroblast acid protease was 
achieved using column chromatographic technique. 
Undoubtedly, the purification factor would have been 
considerably higher had the activity in the crude cell 
homogenate been adopted as the reference activity 
rather than the activity of the dialyzed supernatant 
of the cell homogenate. The purification data would 

DEAE-A 50 Sephadex (2.5~30 cm) 
60. 

50- 

70 80 90 

Fraction Number 

0 
~I&(;~&~~~$05806~7~01 

Elution Volume 

Fig. 4. Fractionation of rat plasma through DEAE-A50 
Sephadex column (2.5 x 30 cm) for isolation of rat plasma 
kininogen. 25 ml of rat plasma was dialyzed for 10 hr 
against 0.01 M sodium phosphate buffer. pH 6.X. in 
0.1 M NaCl and 1 mM EDTA. The dialysate was centri- 
fuged at 30OOrpm for 30min. the supernatant filtered 
through a #I Whatman paper, and 20ml of filtrate 
(39 mg/ml) applied. The flow rate was 20ml;hr. The 
column was developed with 240ml of the starting buH’er 
followed by 95ml of 0.1 M NaCl to 95 ml 0.5 M NaCI 
linear gradient in 0.01 M phosphate buffer. pH 6.8. An elut- 
ing vol. of 190 ml of 0.5 M NaCl in 0.01 M phosphate 
buffer then was followed by 70 ml of 0.8 M NaCl to 75 ml 
1.2M NaCl linear gradient in 0.01 M phosphate butler. 
Fractions (0.5 ml) were assayed for kininogen by incuba- 
tion for 18 hr with G.200 Sephadex-purified acid protease 
(1.2mgjml) in 0.56 M acetate buffer (pH4.0) and SBTI. 
After neutralization with I.0 M Tris buffer. pH 7.X. micro- 
liter aliquots were bioassayed for kinin on the isolated per- 
fused rat uterus against a reference bradykinin (BK) stan- 
dard. Activity of both peak 1 and peak II is expressed 

in terms of ng Bk/mg protein eluate. 

Table 2. Summary of purification of rat plasma kininogen 

Procedures 
Vol 

(ml) 

Protein 

(mgiml) 

Activity 
ngBK/ml 

Specific 
activity 
ngBK, 

mg Protein 
Yield 

0 
I<, 

Purification 
factor 

Rat Plasma 
DEAE Sephadex 

Peak I 
Peak II 

G- 100 Sephadex 

25.0 39.0 1124 2X.X lo0 I 

8.0 1.64 37.6 22.9 I .06 0.x 
8.7 7.75 600.0 77.4 IX.6 2.7 

30 0.36 40.3 I 12.2 4.3 3.9 
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G-100 Sephodex (2 5x90cm) 
14r 

Frocbon Number , 

0 ICC 200 x0 400 

Elution Volume 

Fig. 5. Fractionation*of DEAE-A50 Sephadex-purified 
kininogen through G-100 Sephadex column (2.5 x 90 cm). 
4 ml of peak I kininogen (1.64 mg:ml) plus 3 ml of peak 
11 kininogen (7.75 mg/ml) was applied onto the column 
equilibrated with 0.01 M KH,PO, : K,HPO& buffer. 
pH 6.8 in 0.1 M KC1 and 2.5 mM mercaptoethanol. 
Kininogen content in the eluants was assayed and activity 

expressed as described in Fig. 4. 

appear comparable, however, to the 6-fold purifica- 
tion reported of cathepsin A and D from extracts of 
chicken breast muscle [15-J. At a pH optimum of 4.0. 

the purified enzyme released significant quantities of 
kinin from a rat plasma kininogen substrate in a time- 
and enzyme concentration-dependent manner. 

Disc gel electrophoretic patterns indicated the 
apparent homogeneity of the enzyme and substrate 
reagents. Whether or not the acid proteasc is hom- 
ogenous needs other purity-test studies. G-200 gel 
filtration technique revealed the protease to ha~c an 
approximate mol. wt of 3800@39000 as estimated by 
bioassay analysis. A leukocyte cathepsin D proteinase 
was reported to have a mol. wt of 52000 + 3000 1161 
whereas rat liver lysosomal cathepsin B, and B, had 
mol. wt of 24000 and 50000 respectively 1171. The 
estimated mol. wt of the fibroblast acid proteasc dots 
agree reasonably well with the 37000 for spleen cath- 
epsin D [lS] and 36000 for chicken muscle cathepsin 
D [19]. 

The acid protease was found to be activated by 
5 mM cysteine suggesting the possible involvement of 
a sullhydryl group in the enzyme for enzymatic ac- 
tivity. The enhanced activity also may relate to intcr- 
action of cvsteine with the kininogen substrate. Simi- 
lar observations were reported w%h a kinin-forming 

(a) I II m Tp (b) I II 

Fig. 6.(a) Disc gel patterns of acid protcasc during purification. A vol. 50.~1 of the followmg enzyme 
preparations was added to the gel tubes: I = L-929 supernatant dialysate; II = G-200 Sephadex puri- 
fied; III = DEAE-A50 Sephadex purified in presence of cysteine; IV = DEAE-A50 Sephadex purified 
in presence of 2.mercaptoethanol. The electrophoresis was carried out for 121 hr with a current of 
2.5 ma per tube and a voltage of 280 V in the entire system. (b) Disc gel patterns of rat plasma 
kininogen. A 50~1 vol. of the following substrate preparations was added to the gel tubes: I = rat 
plasma; 11 = Sephadex-purified fraction. The electrophoresis was carried out for I$ hr with a current 

of 2.5 ma per tube and a voltage of 280V in the entire system. 
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G-200 Gel Filtratjon(ix57cm) 
300- 

~,-,-,-,-,--~1~1--,-, 
1.0 

Fig. 7. Gel filtration of acid protease and kininogen 
through G-200 Sephadex column (1 x 57cm) for estima- 
tion of mol. wt. The column was equilibrated with 0.01 M 
NaH2P0, :Na2HPOJ buffer. pH 6.8, in 0.1 M NaCt, and 
1 mM EDTA. Markers included aldolase (25 mg), ovalbu- 
min (4mg), chymotrypsinogen A (4mg) and ribonucfease 
(4 mg). All marker proteins were dissolved in 0.5 ml of the 

starting buffer. 

acid protease isolated and purified from the rat Mur- 
phy-Sturm lymphosarcoma [20]. An acid protease 
from rabbit lysosomes also was shown to be activated 
by cysteine [21]. 

A leukokinin-forming acid protease has been 
reported in rabbit polymorphonuclear (PMN) leuko- 

PH 

Fig. 8. pH profile of the kinin-forming activity of the acid 
protease on rat plasma kininogen. The following pH points 
were studied and solutions were used: pH 1.0, 
0.05 M KH,PO,:HCl; pH 1.5, 0.05 M KH,PO,; pH 2.0, 
2.3, 2.5, glycine: HCl; pH 2.8, citric acid: NaOH, pH 3.0, 
3.3, citric acid: sodium citrate; pH 3.6, 3.8, 4.0, 4.2, formic 
acid: sodium formate; pH 4.5, 4.8, 5.0. acetic acid: sodium 
acetate: pH 5.5. citric acid: sodium citrate; pH 6.0, histi- 
dine buffer; pH 7.0, imidazole buffer; pH 8.0, Tris buffer; 
pH 9.0, histidine buffer; pH 10.0, glycine; pH 11.0, glyco- 

/ 

i 0, /-/-,-~-1-/-1---Y----/ 

0 2 4 6 8 

Hours of Incubation 

Fig. 9. Time course of kinin release with respect to acid 
protcase enzyme concentration. DEAE-A50 Scphadcx-pur- 
ified acid protease at concentrations of 0.019 mg (A---- A). 
0.038 mg -(O-- -0). 0.075 mg (A- A). and 0.120 mg 
f-) were incubated with 0.075 me DEAE-AS0 Seoha- 
dex-purified rat kininogen at pH 4.0 ror 0.5, 1. 2. 4. ‘and 
8 hr. Kinin formed was assayed and calculated as described 

co11 buffer: pH 12.0 phosphate buffer. in Fig. 1. 

cytes (221. While proteases from human polymor- 
phonuclear leukocytes ordinarily are active at neutral 
pH [23], the similarity between the PMN leukocyte 
protease and the fibroblast protease has been alluded 
to previously [7], Similar in pH optima and effect of 
inhibitors. their respective sites of cellular localization 
and substrate specificities may be different. The sub- 
cellular distribution of both proteases awaits more 
definitive study. While differential centrifugation, 
according to Poole [24], may solve the problem of 
damage of the subcellular organelles. these studies do 
show that the fibroblast protease existed both in the 
nuclear and ~ytoplasmic fractions. There are reports 
indicating that. in tumor homogenates~ the total lyso- 
somal enzyme activities present in the soluble (cyto- 
sol) fraction frequently are higher than those observed 
in normal cells [24]. Strain L cells also were reported 
to release their cytoplasmic enzymes [25]. Thus. cath- 
epsin D was found to be released in both protein-free 
and protein-containing media [25]. 

The fibroblast acid protease hydrolyzed the same 
kininogen substrate utilized by trypsin and plasma 
kallikrein. The acid protease from the Murphy-Sturm 
lymphosarcoma formed kinin from tumor kininogen 
as well as go’-heated rat plasma substrate [4]. A 
single kininogen was isolated from the rat plasma 
with a mol. wt of li5OG0, similar to the high mol. 
wt human kininogen following passage through a 
guanidine-Sepharose-4B column [XI]. There are 
reports, however, indicating that high mol. wt bovine 
and human kininogen have a mol. wt ranging from 
60000 to 80000 [27,28]. In our initial study, two 
kininogen peaks were obtained from the passage of 
the rat plasma through a DEAE-A50 Sephadex 
column (Fig. 41. Hamberg [29] also found two 
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Subcellular Distribution of L,, Acid Protease 
?OOOr 

i 

Hours of Incubation 

Fig. 10. Cell fraction vocalization of the acid protease ac- 
tivity. 10” fibroblasts were homogenized three times for 
2 min each time and dialyzed 22 hr against 0.01 M phos- 
phate buffer, pH 6.8, in 0.1 M Nafi and 1 mM EDTA. The 
preparation was centrifuged for 15 min at 1500~~ to obtain 
the 1.500 r precipitate fraction. Centrifupation at 10000 u 
for 20min’ yielhed a 1OOoOg precipit%e fraction an& 
IOoOOg supernatant fraction. Assay for kinin-forming ac- 
tivity was carried out on rat plasma kininogen substrate 
;II ITI-I 4.0 following incubation for 1.5. 1. 4. 5.75. 9. 19. 
~11~1 18 hr. Estimates of kinin formed were made by bm- 

assay technique. 

kininogen species after fractionation of human plasma 
on I~~AE-Sephadex using a salt gradient of OX.% M 
to 0.30 M. However. by using steeper gradients only 
one kininogen species was isolated [29]. In our 
chromatography study. after mixing the two 
kininogen peaks obtained from the DEAE-A50 
Sephadex and passing this pool through a G-100 
Sephadex column equilibrated with phosphate buffer 
and 2-mercaptoethanol. only one major kininogen 
peak and a very small secondary peak were obtained 
(Fig. 5). The results suggest that, although two 
kininogen species may exist in rat plasma as sug- 
gested by Jacobsen [30], there is the possibility that 
in fact only one species is present. The minor com- 
ponent may represent either an aggregate. as sug- 
gested by Hamberg~291. or may be due to minor 
heterogeneity of the kininogens 1311. 

interstial fluid of solid tumor transplants were 
shown to be rich in acid proteases and other pepti- 
dnscs [l4] suggesting that tumor cells grow in ;I 

medium which provides a rapid cxtcrnal suppI> 01 
small peptidcs and amino acids. While tumor cells 
were found devoid of significant peptidase activity, 
cathepsin and amino-peptidase activities were found, 
in decreasing order of activity. in macrophages. mast 
cells, and fibroblasts localized between the growing 
edges and necrotic tumor transplants 1321. A fibro- 
blast network was found in the Murphy-Sturm 
iymphosarconla from which an acid protease was iso- 
lated rl. 41. Fibroblast pi-olifer~~tion was noted at the 

transplant site during the initial growth phase follow- 
III& tumor transplantation [33]. While the functional 
role of fibroblasts and associated protease activity 
in neoplasia is uncertain. evidence has been summar- 
ized in a recent symposium suggesting some involve- 
ment in cell transformation. tumor morphology. 
growth. and invasiveness [34]. Free and total cathep- 
sin levels were higher in the growing regions of the 
regressing rodent Jensen sarcoma than in non-regress- 

ing tumors [ 13f. and cathepsin-like enzymes have 
been suggested associated with the invasiveness of 
human gynecologic tumors [35]. Acid proteases ori- 
ginating from fibroblasts within neoplastic tissue may 
form vasoactive mediators that may cause chemo- 
taxis. vasculngenesis, and alterations of tumor blood 
flow. Tumor cell chemotaxis was produced by the in- 
tradermal injection of a neutral protease found 
recently in the ascites hepatoma AH109A (36). Algire, 
VI trl. 1371 reported that L-929 fibroblasts grown in 
cell culture. when transplanted into skin-fold trans- 
parent chambers established in mice, caused consider- 
able vasculogenesis as noted by direct microscopic 
examination. 

Two kinin peptides have been isolated and purified 
from incubates of rat plasma kininogen and fibroblast 
acid protease (unpublished data). That an appropriate 
tissue pH environment may exist for such protease 
action is suggested by reports that the pH of nega- 
tively charged cell surfaces is significantly lower than 
that of the bulk phase [24]. This excess of hydrogen 
ions in the immediate vicinity of predominantly nega- 
tively charged cell surfaces may be capable of lower- 
ing the local pH by as much as 1 units. The character- 
iration of the pharmacologic profile ol’ the fibroblast 
kinins now in progress ma) contribute toward eluci- 
dating the role of proteascs in the ncoplastic process. 
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