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‘rtmlol. kallikrein, angiotensin I converting enzyme, kininase, kinins

an roverse cids If rocessary and identily By Disck mumber)
Pig puemtic kallikrein, aprotinin (Trasylol), SQ 21541, an ngiotmh 1
converting ensyms or kininase II imhibitor, and bradykinin were each coupled
covalently to soluble dextran (m.w. 500,000). Dextran had been activated eithey
with cysnogen bromide or sodius msta-periodate. Of the reactants, 23 to 56X
were bound to activated dextrats. The activities of the complexes were deter-
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MW lwoteins and mtidcs couphd to insoluble nateriﬂs (l). inchading

. fl:mtmm m mir inhibitors (2,3,4) and Bageun factor (5), have been employed

 frequent

ntly 'tn _!-!.! they could not be used in vivo because they are insoluble.
The pntmul tlleﬂpeutic usefulness of active, soluble dextran complexes of bio-
: hg‘lcﬂly inoﬁant substances makes it desirab‘le to prepare and evaluate such
eon,jmus ’fhenfore. we have prepared so!uble dextran oouplexes of kallikrein,
aprotinin (Tresylol), SQ 21541, a synthetic hexapeptide inhibitor of kininase

11 or angiotensin 1 converting enzyme (6), (peptidyl dipeptidase), and bradykinin. "

MATERIALS AND METHODS

The detatls of the materials and techniques used were given in our previous
publication (7)‘. So g :

Dextran (500,000 m.w.) was activated with cyanogen bromide according to the
method of Axen et al. (8).

Solutions of aprotinin, 1 mg/ml, kallikrein, 5 mg/ml, and bradykinin, 2.5
mg/ml were prepared in 0.1 M sodium phosphate buffer, pH 7.6. One ml of each
of these solutions was allowed to react with 4 ml of the CNBr-dextran solution

‘mcnnu"

The sepération of free aprotintn and kallikrein from that bound to dextran
was achieved by f1itration at 5° and 40 PSI N, through an Awicon XMI0OA mesbrane.

Sradykinin was removed from that coupled to CNBr-dextran by dialysis at 5° against

0.1 W sodius phosphate buffer, pH 7.6, 1 M sodium chioride, and water respectively.




o noxtm (500.000 n.n.) was oxidized with sodium meta-periodate. :

Selutians of aprottnin. 0.4 mg/ml, kﬂlikrein, 2.0 mg/ml, budyk*lnin, 1 my/
' n‘,l. gﬂd SQ 21541, 1 mg/ml, were prepared in 0.1 M sodiun phosphate buffer, pH 7.6.
- Equal volmes of oxidized dextran and of compounds to be coupled were allowed
to mct for either 16 or 60 h at 5°. The reactive groups remaining on the oxi-
 dized dextran @t' the end of the cbupling reaction were reduced with borohydride.
This step also converts to stable secondary amines, the unstable Schiff bases
that are formed when the peptides and proteins react with oxidized dextran.

The uncoupled compounds were separated from those bound as described above
for CNBr-dextran.

Analysis of the Dextran Complexes

The amount of protein or peptide coupled to dextran'was determined by amino
acid ma'lysis with a Beckman Model 121 automatic amino acid analyzer. The amount
bound was calculated from known amino acid composition exc‘luding methionine and
cysteine. When S!f-doxtran was used arginine was also excluded from the calcu-
Tations. '

Kallikrein activity was measured by following the hydrolysis of 1 X 10N
benzoylarginine ethylester (BAEe) by the enzyme at room temperature in a Cary
18 recording spectrophotometer at A=254 nm (7). Aprotinin activity was measured
by determining its inhibition of the hydrolysis of BAEe by kallikrein. The in-
hibitor was pre-incubated with the enzyme for 10 min at room temperature. SQ
21541 activity was measured by assaying fts inhibition of the hydrolysis of p-~
puryl-glycyl-glycine (Hip-Gly-81y;10"2) by purified swine kidney angiotensin
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0y 1p ,.f_j"*tes of brudykimn-dextrm cemlem were determined
' o ww mm m nan and rat uterus preparations (7). The 1mlagicll
. wﬁﬁtm nf m mum m &ssused 1n & bradykinin mdioimmasw that
e 51-Tyr>-bradykinin as the Tabeled antigen, rabbit antfbradykinin serum, .
' m dlxtm mtaﬂ chamal to smrate bound fm free antigen (9). The brady- i
;’ksm-axmn complexes were cmam to hndykmn 2s inhibitors of labeled
antigen binding.
 The hydrolysis of bradykinin or buﬁykinin—dextran by purified swine kidmy
; ewnrting enzylle was determined in two ways. Bradykinin, 2 X 10", or an equi-~

~valent coauntration of its dextran comp'lex was incubated with the enzyme for
‘urying: ]eugtﬁs of time at 37° and _the residual bradykinin measured by radioim-
muba‘ssny. Free and dextran bound-bradykinin were also tested as inhibitors of
the hydrolysis of Hip-sly-sly by converting enzyme (6). Purified swine kidney
converting enzyme was equilibrated at 37° for 10 min, then Hip-gly-6ly (10 ~3m)
was added followed immedfately by bradykinin or bradykinin SMP-dextran.

RESULTS

Kallikrein
From the amount of kall{krein aﬂomd to react with CNBr-dextran, 56% had S

been mphd. Bound kalltkrein had 72% of the esterase activity of the native
_énzyme (Fig. 1; Table 1), The activity of uncoupled kallikrein was 121 U BAEe S
per mg protein, (One U of enzyme activity equals 1 umole of BAEe cleaved in 1 min.) fast

| five percent of the tpt'oﬂlﬂn allowed to mct with mlr-dcxtnn ws
(M nmx. m.  shows the mwum of m esterase. ?’”L - £



»i&tﬂﬁ-*df'hﬁfm,"mm".d kallikrein by free and bound aprotinin. When
'tht !,o ulugf of the avrotinins were compared, the CNBr-dextran complex had
‘ﬂi Gf the uﬂ%ty of the lmcoup'!ed inhibitor (Table 1).

' g 2 g l»

_ The mean amount of SQ 21541 bound to SMP-dextran for 4 preparations was
sﬁikﬁg—"pcfr_ig dextran (SD 0.8). Based on the total amount of SQ 21541 allowed

_ to react in these preparations, 38% (SD 4.4) had been bound. SQ 21541 SHP~dex-

tran was tested as an inhibitor of converting enzyme Calculated from the I!io
values of the 4 preparatfons. $Q 21541 bound to SMP-dextran has 24% (SD 4.0)
the inhibitory activity of the uncoupled peptide.(Table 1), '

Bradykinin

The amount of bradykinin bound to SMP-dexfran in 5 preparations was 10,2
ug per mg dextran (SD 2.7). Of the total amount of bradykinin allowed to react
wivii dextran, 45% (SD 15) had been bound. The corresponding figures for brady-
kinin coupled to CNBr-dextran were 7 ug per mg dextran and 23%.(Table 1).

_The relative biological potency (unbound bradykinin = 100%) of bradykinin
SMP-dextran was 29% (SD 12) when assayed on the isolated rat uterus and 18% (sb

~ 8) when assw on the isolated guinea pig ﬂm The bradykinin. CNBr-dextran
complex had oul,y 61 (SD 6) the biological potency of bradykinin on the rat uterus.

The relative immunological activities of the bradykinin dextran complexes
were deterwined by radiofmmunosssay. Estimates of the relative fmmunological
activities (bradykinin = 100%) were made by comparing the concentrations that
yielded 50% inhibitton of the binding of 1251.TyrS bradykintn to the antiserun,
The relative fmmnological activity of the bradykinin SNP-dextran was 808 (50
'mmumumsm CMBr-dextran was 92% (SD 30).
mmms ummn and brl#unm bound to sv-m Mag
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5.

dykintn mpid to sup.dextran was hydrolyzed much slower by kininase

n tma mud mwnin. At the end of 1 h of incubation, about 80% of the
: k‘lntn m:etm conjugate was still 1mnologicany active while native brady-

ktuin was mlmly imtivmd presumably by the removal of C-terminal dipep-

| | »‘tidc Phe-Arg (6).

m effects of bradykinin and bradykinin SMP-dextran on the rate of hydro-
lyéts of Hip-61y-Gly by converting enzyme were also studied. Bradykinin bound

to SHP-dextran was Tess effective than native bradykinin in inhibiting the hydro-
‘lysfs of Hip-Gly-Gly. For the same decrease in the rate of Hip-Gly-Gly hydrolysis,
eoupled bradykinin had to be present in higher concentration than free bradykinin.
Oxidized-reduced dextran itself inhibited the hydrolysis of Hip-Gly-Gly, although
this was only about 20% of the inhibition obtained with comparable concentrations
of the bradykinin W-dextﬁn complex.

To establish whether the activity of the kallikrein, aprotinin, SQ 21541,
and bradykinin dextran complexes was due to covalently bound material and not

to -itcrlai adsorbed on the dextrans, control preparations were made in which

the protein and the peptides were incubated with either non-activated dextran

or oxidized-reduced dextran and the mixtures carried through the varfous purifi-
cation steps. None of the control preparations had activity that could be attrie
buted to m material.

DISCUSSION

onts have shown that components of the kallfkrein-kinin system



vitro. These include kallikrein, aprotinin, bradykinin, and the angiotensin I

comcrting enzyme or kinimse IT inhibitor SQ 21541, They have biological impor-
tmee and some are even used clinically.

For example
/ SQ 20881, a nonapeptide which is structurally related to the hexapeptide

SQ 21541, has been used in clinical experiments to lower the elevated blood pres-
sure of hypertensives This compound can block the conversion of angiotensin

I to II or the inactivation of bradyki nin by inhfb‘lting converting enzyme or kin-

inase 11 (6).
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The coupling of kallikrein to CNBr-dextran did not appear to affect its
[ esterase activity since plotting the activity against the enzyme concentration
[ yielded parallel curves for free and bound enzyme (Fig. 1). The kallikrein CNBr-
: dcxtran complex was found to retain approximately three-fourths the esterase ac-
[ tivity of uncoupled kallikrein. This compares favorably with kallikrein bound
to the hydroxysuccinimide ester of polyvinylpyrrolidone which had about one-
[ fourth the activity of free kallikrein on BAEe (10).
[ Bradykinin coupled to SMP- or CNBr-dextran was still biological ly and immuno-
|
[
[
|
[
i
1

logicany active. The immunological activity of either complex was always greater
than its biological activity. Possibly there is more steric hindrance to the
accomodation of the macromolecular kinin complexes at receptor sites than there
1s at antibody binding sites.

Bradykinin SMP-dextran was less susceptible than native braclykinin to hydro-
lysis by purified swine kidney converting enzyme or by the enzyme in human vascu-

lar endothelial ce'ns grown in tissue culture (11). The mechanism of this pro-
tection could be due to the increased size of the molecule. The bradykinin SMP-
dextran complex inhibited Hip-Gly-Gly hydrolysis by converting enzyme but less
than free bradykinin did. This also indicates thrt the dextran bound peptide
has a lower lfﬂnity for the enzyme than free bradykinin. The dncreased in vitro

.




inactivation of the bradykinin-dextran compléx by converting enzyme suggests that
this complex may have a longer lasting activity in vivo than free bradykinin.
In summary binding various components of the kallikrein-kinin system to

T T T T ST, T W T R e

dextran resulted in soluble macromolecular comblexes with a high percent incor-

poration. The complexes retained significant amounts of activity in vitro.
SUMMARY

Pig pancreatic kallikrein, aprotinin (Trasylol), SQ 21541, an angiotensin
I converting enzyme or kininase 1I inhibitor, and bradykinin were each cohp'led
covalently to soluble dextran (m.w. 500,000). Dextran had been activated either
with cyanogen bromide or sodium meta-periodate, Of the reactants, 23 to 56% were
bound to activated dextrans. The activities of the compl'exes were determined ’
in vitro by spectrophotometric technique or radioimmunoassay and bio-assay. s E
Depending on the mode of coupling and the test employed the soluble macromolecu- |
lar complexes retained 6 to 92% of the in vitro activity of the native compound.

 Eepn

Bradykinin coupled covalently to dextran was inactivated slower by converting

enzyme than was free bradykinin.
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“ ﬂ_f%ysis. o----o Purified m mcmtic kallikrein,
Sty to 'cmr-d_extran. Abscissa. Log eommtntion of kalli-
0 e: fate of hydrolysis of BAEe in  0.D.pg, per
; ] o Wa et ﬂ !Hochem Phamcol Tn press)
' ] th !. Inlﬂbition of the enzymatic hydrolysis of BAEe by free and bound apro- !
S _tiu‘la ('fmy‘to!) Highly purified pig pancreatic kallikrein was the source !
]' & of m 0-'-——0 Aprotiuin.' o—e——o Aprotinin bound to CNBr-dextran. Z
o .‘:Missa. l.og uomentration of aprotinin in ng per ml. Ordinate: Percent in- |
| ] Mbitm. (Fm ﬂﬂya ‘et al. Biochem. Phamco'l In press) | k
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TABLE 1

Activities of Soluble Dextran Complexes In Vitro

: Yield ; _ Activiq |4
- Substances Coupled (%) Test (Unbound = 100%) £

Kalltkrein! 56 Esterase 72

y .
tinin : 35 : Kallikrein 41
g inhibition

sq 215412 38 Kininase 11 2
: inhibi tion

Bradykintn!+2 | 230 4s? Rat uterus s e

Guinea pig 18
5 ~ {leum

: .. Kinfnase 11
‘ : , {nhibition e =20

Radioimmuno-
assay - ' 92 80

Cleavage by ‘
kininase 11 | 20

1. Cym Mdt activated dextran.
2. Sodium meta-periodate activated dextran.







