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AlthouØ~ proteins and peptides COUp1S4 to Insoluble materI als (1), Incl udIng

I kallikretns and thelr.inhlbltors (2,3,4) and Hagemtn factoP (5), have be ’us enployed

I f I % ~ nt1Y i!i Y1.tTO they could Slot be used 
~fl. vtvo • because they are Insol uble.

The potential therapeutic usefulness of acti ve, soluble d xtran complexes of blo-

I logiCally imporUnt substances makes it desirab le to prepare and evaluate such
coa3ugates. Therefore , we have prepared sciubie dextran complexes of kalii kreln,

I aprotinin (TrasyLol ), SQ 21541, a synthetic hexapeptide Inhibitor of kininase
II or angiotensin I coflvsrtlng enzyme (6), (peptic tyl di pept idase), and bradykinln.”

I - MATERIALS AND METHODS

I The details of the materi als and tàchntques used were given In our previous

i publicatIon (7). ~~~~~~ 
; ~~~~

U Co.~ i 1,s~ to Cyanogen Brornide Activa ted . Dextren (C$Br-Dextranl

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

II SolutIons of aprot lntn , 1 mg/mi, kalllkreln, 5 mg/al, and bradykinln, 2.5

mg/mi were prepared in 0.1 N sodi s phosphate buffe r, pH 7.6. One ml of each
U of them. silUttons was allowed to react w1tI~ 4 ml of the CNBr’dextran solution

for$b s tb0.
7 . -

lbs sepSration of free aprotinln and kaill kr.ln fron that bound to dixtran
[I w~ achieved by fi ltration at 5° and 40 PSI Nz through en Micon *IOOA meubran.,

$ra~ kin1n was removed from that coupled to CNBr-d.xtrsn by dialysi S at ~0 against
U 0.1 N sofia pIiosØieta buffer, pH 7.6, 1 N sodium chloride, and water respectively.

II
I — -
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2.

I ç~pflnq. to Sodft~ meta-perl odate . Activate d Dextran (SMP- Dextr an)

I 
. Outran (500,000 a.w.) was oxi dized with sodi um meta-perIodate.

Solutions of aprotinin , 0.4 mg/mi , kallikreln, 2.0 mg/al , bradyklnin, 1 meJ

ml and SQ 21541, 1 mg/al , were prepared In 0.1 N sodium phosphate buffe r , pH 7.6.

Equal volumes of ox idized. dextra n and 0f compounds to be coupled were allowed

to react for either 16 or 60 h at ~0, The reactiv e groups remaining on the oxi-

dized dextr an at the end of the coupl ing reaction were reduced wi th borohydride.
U This step also converts to stable secondary amines, the unstable Schiff bases

II that are formed when the peptides and pro teins react with oxi dized dextran.

The uncoupled compounds were separated from those bound as descri bed above

II for

Analysis of the Dextran Co~slexes

The amount of protein or peptide coupled to dextran was determi ned by amino

acid analysis with a Beckman Model 121 automatic amino aci d analyzer. The amount

fi bound was calculated from known amino acid com position excl udi ng umthionine and

fl 
cysteine. *ien SMP-dextran was used arginine was also excl uded from the calcu-

lati ons.

U . 
-

I] Kalllkrel n activity was measured by following the hydrolysis of 1 X

benzoylarglnlne ethylester (RAE ) by the enzyme at room temperature in a Cary

U 118 recording spectrophotometvr at ~.254 na (7). Aprotinln activity was measured

II by determining Its Inhibition of the hydrolysis of RAE. by kallikrein. The in-.

klbltoi’ was pre-incubated with the enzyme for 10 mm at room temperature. SQ 
-

II 21541 activity was measured by assaying its Inhibition of the hydrolysis of hip-

puryl.g1yq~-g1yc1ne (H1p413,41YL1O4M) by purified swine kidney anglotansie

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~



I converting (6).
1 The biol ogical potenc ies of bradykinin dextran càmplexes were determined 

- r

on Isolated ulnea pig Ileum and rat uterus prepaPatlons (7) .  The lumunological

activities of the complexes were assessed In a bradykinin radloisaunoassay that

I ~~ioyed ~Tyr5.bra4ykin1n as the label ed ant igen, rabbi t anttbradyklnln serum,

and dext ran coated charcoa l to separate bound from free antIgen (9). The bra4-
1.1 kinin-dextrsn co~ lexes were compared to bradykinin as inhibi tors of labeled -~~:Y~

:11 antigen bindl*g. 
.

Th. hydrolysis of bra4yk lnin or bradyk inin -dextr an by puri fi ed swine kidney

II converting enzyme was determined In two WaYS. Bradyk inin, 2 X l0~ I4, or an equl-

II valeflt concentration of its dextran complex was Incubated with the enzyme for

va,~tnq lengths of time at 37° and the residual bradyk inin measured by radiola—

II munoassay. Free and dextran bound -bradykinin Were also tested as inhibitors of

the hydrolys is of HIp .Gly-Gly by converti ng enzyme (6). Puri fIed swine kidney

-U 
- . 

converting enzyme was equilibrated at 31° for 10 mm , then Hip-Gly-Gly (10~ N)

was added fol lowed i ediately by bradykinin or bradykinin SMP-dextran.

fl 
- 

RESULTS 
-

fl~~~~~~~~~~ n

• U . From the amount of kalllkreln allowed to react with CHIr-dextran, 56% had
— been coupled. Round kallikreln had 72% Of the e$tèrase. activity of the native

fl Inzyme (FIg. 1; Table 1). The activit y of uncoupled kallikrein was 121 U ME . -

p
~ ag protein, (One U of enzj activity equals 1 umol e of MEt cleaved in 1 mm .) ‘

~~~I I , .
Aer~~th1n~ Cfrasilo!1

U ThIrty~f ive percent of the aprOt inin allowed to r act with CNBr-dextren was

I coupled covalently (4,4 ~sg/*g). FIg. 2 shows the inhib ition of MEl esterase ~~‘L 

. 
~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 
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I
I actF4ty of purified, uncoupled kelllkrein by free and bound aprotinin, When

the I~~ val-ue~. of theaprotinins were compared, the CI$Br-dextren complex hadII 41% of the acti v ity of the uncoupled inhibttOr (Table 1).

II 50 21541

II - 

The mean amount of SQ 21541 bound to SMP-dextran for 4 preparatIons was
9.1 w~ per mg dextran (SD 0.8). Based on the total amount of SQ 21541 allowed[I to react In these preparations, 38% (SD 4.4) had been bound. SQ 21541 SNP-dex-

[f tran was tested as an Inhibi tor of converting enzyme. Calculated from the
values of the 4 preparatIons. - SQ 21541 bound to SNP-dextran has 24% (SD 4.0)

fl - the Inhibitory acti vity of the uncoupled pept lde.(Table 1), -

[1 Bradykinln 

• 

-

The amount of bradykinin bound to SMP dextran in 5 preparatIons was 10.2
vQ per ug dextran (SD 2.7). Of the total amount of bradyklnin allowed to react

[} wI-ui dextran , 45% (SD 15) had been bound . The corresponding figu res for brady-

fi kinin coupled to CNBr-dextran were 7 
~
g per mg dextr an and 23%. (Table 1).

The relative biological potency (unbound bradykinmn * 100%) of bradykinin

fi SMP.dextran was 29% (SD 12) when assayed on the Isolated rat uterus and 18% (SD
8) when ass*yed on the Isolated guInea pig flea. The bradyk inln CNBr..dext,an

U complex had only 6% (SD 6) the bIologIcal potency of bradyklnln.on the rat uterus.

U Th. relative la.unological activities of the bradykinin dextran complexes
iars determined by redlol*mnoassq. Estimates of the relative I unologlcal

fi activities (bp~~ti~f~ • 100%) were made by comparing the concentrations that
yielded 50% InhibItion of the binding of 3251-Tyr5 bradykinmn to the antiserum,
The relative I i r~1ogical activity of the bra4yklnin SI~ ’.dextran was ~)% (SD

I ll) iddl • that of bradykinin CMr-dsxtran was 92% (SD 30). -

1W hydV~~s$s of braØktMn and bradykinin bound to SMP-dsxtren during 
- 

- 

-

- • 
~~~~~~ ~~ •_j •~__a. _ _ _  - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . - • - - •. - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Incubation at 370 with purified swine kidney converting enzyme was followed by

I - - asuring the residual imnunoreactive bradykinln in a radlolmeunoassay.

I 8ra~ k1n1n coup led to SNP-dextra n was hydrolyzed much slower by kininase
11 than uncoupled bradykinin. At the end of 1 h of Incubation, about 80% of the
kihi n SNP-dextren conjugate was sti ll i~~rnologicafly active WMIe nati ve brady-

kinln was completely Inactivated presumably by the removal of C-terminal dipep -

tide Phe Arg (6); -

I The effects of bradykinin and bradykinin SMP-dextran on the rate of hydro-
lysis of Hip-G1~y41y by converting enzyme were also studied. Bradykinln bound
to SMP—dextran was less effecti ve than nati ve bradykinin in inhibiting the hydro-
lysis of Hip-Gly-Gly. For the same decrease in the rate of Hip-Gly-Gly - hydr olysis ,

II coupled bradykinin had to be present in higher concentration than free bradykin in.

Oxidized-reduced dextra n its elf inhibited the hydroly sis of HIp-Gly-Gly, although
U this was only about 20% of the inhibit ion obtained with comparable concentrations

fi of the bradykinIn SNP-dextran complex.

El __________

To establish whether the activi ty of the kalhi krein, aprot lnln, SQ 21541,
U and bradykinin dextran complexes was due to cova lently bound materi al and not

fi to material adsorbed on the dextrans -, contro l preparations were made in which

the protei n and the peptides were incubated with either non-actIvated dextran
[I or oxidized-reduced dext ran and the mixtures carri ed through the various pur ifi .

cati on s teps. None of the control preparation s had activit y that could be attr 1~
U buted toa oqbedmaterlal. - 

-

II
DISCUSSION

I
I These .xpsrlmmnts have shown that components of the kalllkretn -klnth systen

covalently coepled to high m.w. sol uble d.xtran retain activit y ~~ 
- - - - - - - .
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I vitro. These incl ude kall ikrein , aprotin in, bradykin in, and the anglotensln I
converting enzyme or kini nase II inhibitor SQ 21541. They have biologica l lmpor-
tance and some are even used clini cal ly.

Far example
/ SQ 20881, a nonapeptide wh ich Is structurally related to the hexapept ide

U SQ 21541, has been used In clinical experiments to lower the elevated blood pres-

II sure of hypertenslves. This compound can bl ock the conversion of angiotens in
I to II or the inactivation of bradyk inin by Inhibit ing converting enzyme or kin—II Inase 11 (6). -

The coupl ing of fr.alhi kre in to CNBr-dextran did not appear to affect its
U esterase acti vity since plotting the activity agains t the enzyme concentrati on

II yielde d parallel curves for free and bound enzyme (Fig. 1). The kallikre in CNBr-
dextran complex was found to retain approximately th ree-fourths the es terase ac-II t ivi ty of uncoupled kallik rein. This comp ares favorably with kal likre ln bound

n to the hydrox.ysucclnlmide ester of polyv inylpyrrol idone which had about one-
fourth the activi ty of free kalhikre i n on BAEe (10).

Bradyk inin coup led to SPIt’— or CNBr—dextran was still bio log ical ly and imeuno-.
logically act ive. The imeunological acti vit y of either cbmplex was always greate r[1 than its biologi cal acti vi ty . Possibly there is more steric hind rance to the

U accomo datlon of the macromolecular kinin compl exes at receptor sites than there
Is at antibody binding sItes . -

II Bradykin in SPIP—dextran was less suscepti ble than native bradyki nin to h~’dro.
lysis by purified swine kidney converting enzyme or by the enzyme In human vasc u—II lar endothelia l cells grown in tissue culture (11). The mechanism of this pro .
t ction could be due to the increased size of the molecule . The bradykinin SlIP-

U dextran complex Inhibited H1p.Gly-Gly hydrolysis by converting enzyme but less
than free bradykinin did. This al so indicates tkrt the dextran bound pept lde
has a lower affinit y for the enzyme then free bradykinin. The decreased j~ vitroI .

- 

V 

V 

-

_______________________ — ~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~



I InactivatIon of the bradykinin-dextran complex by converting enzyme suggests that

this complex may have a longer lasting activi ty in vi vo than free bradykinin.

II In sumv-ry binding various components of the kaIlikreIn-ki nin system to

II dextr an resulted in soluble macromolecular complexes wi th a high percent incor-

poration. The compl exes retaine d signifi cant amounts of activit y in vitro.

II. 
-

B SUMMARY

[} Pig pancreatIc kalllkrein, aprot lnin (Trasylol ), SQ 21541, an angiotens in

I convert ing enzyme or kin i nase Ii Inhibitor , and bradyk inin were each coupled

[1 covalently to soluble dextran (m.w. 500,000). Dextran had been activated either

~ with cyanogen bromide or sodium meta-perl odate . Of the reactants , 23 to 56% were

bound to activated dextrans . The activiti es of the complexes were determi ned

in vit ro by spectroph oto inetric techni que or radio in~nunoass ay and blo-assa y .

Dependi ng on the mode of coupling and the test employed the soluble macromolecu-

[1 tar comp lexes retai ned 6 to 92% of the In vi tro activi ty of the native compound .

El Bradyk inin cou pled covalent ly to dextran was inacti vated s lower by converting

enzyme than was free bradyk inin .

n
El V
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II Fig. 1. Effect of increasing the concentration of free and bound kallikreln

-1. - on- th. rate of -BAEe hydrolysis. 0— -O PUrified pig pancreatic kallikrein.

0 - - 

-- 0 KaUlkreln bound to CNBr-dextran. Abscissa: Log concentration of kaBi-

kreln in -yg per ml. Ordinate: Rate of-hydrolysis of BAEe in O.D.~~ per

Mn. (From O4~a et al. Biochen. Pharmacol. In press)

Fig. 2. InhibItion of the enzymatic hydrol ysis of BAEe by free and bound apro-
U 

-

. tinin (Trasytil). Highly purified pig pancreatic kal1lkrein was the source

- fl - 

- of enzymi. p;•~ - - p Aprotlnin. 0 -O Aprotinin bound to CNBr-dextran.
- 

- Abscissa: Log concentration of aprot lnin In ng per ml • Ordinate: Percent in- 
-
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hi-bltion. (From Odya et al. Biochan. Pharmacot. In press)
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I TABLE 1

I 
_Activities of Soluble Dextran Complexes j~ Vitro

I -

Yield Act iv ity

II ~~stances Coupled CS) Test (Unbound 100%)

II Kallltrel*1 56 Esterase 72

Aprotinli? 35 V lCallikrein 41 -

II - 
Inhibition

SQ 215412 38 KIninase II 24

[] inhibi ti on
12  2 

1 2
Bradykinln ‘ 231 45 Rat uterus V

[I 
Guinea pig 18
I leurn

fl - 
- - Kininase II 

V

inhibition - .20

[J 
- Radioiauuno- V

assa y -  - 92 80

fl 
V 

- Cleavage by
V 

kininase II 20

El 1. (‘yanogin bromide activated dextran.

2. SodIum msta-periodItS activated dsxtran.
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