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1. Introduction

' Pepsiatin A i a new inhibitor whi"én has been iso-

 lated from a culiure media of various species of
Streptomyces [1). The structure of this pentap eptide
is isovaleryl—L-valyl—1L-valy}—4-amino-3-hy droxy-6-
methy]heptanoyl—l.-alaryl—z}-mm0-3-hyﬂmxye-6f _
methylheptanoic acid {31, It is a powerful inhibitor
of seyeral acid proteases [2, 3] and of 1enin 41, a
renal enzyme which hydrolyses angictensinogen to

liberate angiotensin 1. Gross et al. [4], Miller et al. [5]
and Aoyagi et 2l. 6] have demonstrated an iz vivo
and in yitro inhibition of renin by Pepstatin. Miller et
-al. mentioned that this nﬂnmh@n Was mf 'Iha fs:Dmpe- '
titive type. :

“The purpose : Df this paper was to Iurther charac-
_tenzc the inhibitory activity of Yepstatin in vitro on
‘hog renin and to demonstrate that Pepstatin was a
spitable ligand for renin purification by aﬁ‘m.iy chro-
~mstography. We fi ound that renin could be purified

ene-dxmmwSepharos*- ucohmm

.::‘:‘2, Maﬁenals and meinods AR

H:)g rena} renin was punfied accmdm g 1o Pemt et

al. [7], Step 1V, and contained 4.4 Goldb}aﬂ units .7
(G .U.) per mig of protein. This renin was tested against
S B o

_hog renin supphed by Nu tritional Biochezmcal (N,B C
- with _a,_sPecxﬁc actmty of 17.GU. per- mg of prot
“Reénin substrate, free of renin and angwtensmaSes w2
éred f"om ”&m/ hreczom;zedw sat nlasma acco;dmg

- protein, Pe%taun A was a pEnerons gift from

- Dr. H. Umezawa. Se;hamse 4B was puf:hasad ﬁ'mm
-Pharmacia, . .

2.1. Renin assays

2.1.1. Radiotmmuzo; assay ,
“Incubations wers perforned in ;,ﬁ;usmm_nﬂ py:ex
glass tubes containiag 145 py mmol of PRSin 500 of
phosphate buffer, 0.2 M, pH 6.5 {buffer A). Ten il of
!en:ir-' wers adﬁPd and me incubation pe:rf ts:r’raad 1:)

ina baﬂmg Waier bafn fm- li} mm:. ’Ihe amcm:t «of
angiotensin 1 generatzd was measursd in the superna-
tant by a radicimmuaocessay {RIA) [9]. In all experi-

‘ments the amount nf renin did ot hydrolyze more
than 5% of the available substrate, in order to maintain

" azero order kmem: reaction.

C2az Bmas,ay
‘with quantitative recovery ona Pepsiatm—-—hexmethyl-

Renin prassor aci,wty was ;asaayed in ihe rat, JEr
according o Peast [10]. Hog renin N.B.C. (0.03 G: Uj '

’ _assay) was used as a e;tandarxi ina tfmn pmm a~say, S

7 2 2. E}azzmmensncs uf rezzm mh bxtum b} Pep%‘mnn )

10-3 G U were mcuba iod ith i increcsing umomts -

‘.o*‘ PRS {6 10 60 pm} wnh or w:thoui 167 ‘M Pnpstﬁtzr-;
_i.m 'buffer A Results were plotted accord. g > Lhe
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Cuatrecasas and Parikh [11]: 50 mg of Pepstatin dis-
solved in dimethylformamide (DMF) were allowed to
react with 2 equivalents of NV, N'-dicyclohexylcarbo- -
diimide and with 2 equivalents of N-hydrosnccinimide,
The N-hydroxysuccinyl—Pepstatin was then coupled
to 16 ml of hexamethylene-diamino-Sepharose pre-
pared as described by Cuatrecasas [12]. The gel was
extensively washed with large volnmes of dioxane:
DMF (v:v), then with water. The deaerated gel was
packed in a small column and washed before any ex-
periment with the same buifer as those used for glu-
tion. All experiments were performed at 4°C.

No method was available to directly measuare the
amount of covalently bound Pepstatin. For this reason,
the efficacy of such a column was tested by its ability
1o retain about 90% of commercial purified pepsin
{Bigma, 2X crystallized) whereas 10% of unactive pro-
tein(s) were directly eluted {C. Devaux, P. Corvol et
al., nnpublished data).

2.4, Miscellaneons

~ Polyacrylamide gel elecirophoresis (PAGE) was
performed according to the method of Rodbard and
Chrambach [13]. System B was used (operative pH:
10.2, 0°C). Gels were stainad by Coomassie Blue 1131
or sliced transversally and the renin content was tested
in each slice. Protein concentration was measured by

the method of Lowry et al. [14].

3. Resulis fanﬂ discussion

3.1. Renin m}azbztmn by sz psmnn kinetic characteris-
tes

In a preliminary experimént, we found that the con--
centration of Pepstatin giving a 50% inhibition of
1073 G.U. of remn was 0.3 X 10~7 M, As shown in

fig. 1, renin is inkibited competitively by Pepstatin.

“The concentration of Pepstatin required for 50% inhi- L

‘bition of renin is i the range of that found by other-

_authors [4—6] using less sensitive methods. The present

-assay. besides being highly reproducible, has the ad-
vantage of using a renin substrate free of renin. ‘and of

5 angxoiensmases and can be utﬂued for- Iarge-seale stu-

2 KCi—HCl buffer

} dies.
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Fig. 1 Lineweaver—Burk representation of hog renin
{102 G.1.) inhibition by Pepstatin {107 M), Velocity is
expressed in pm of angiotensin 1 per min.

3.2. Renin purificarion by affinity chromarography

31.5 mg of proteins (140 G.U. of renin) dialyzed
overnight against buffer A were applied to Pepstatin—
hexamethylens-diamino-Sepharcse column {fig. 2¢).
A first protein peak (I) was eluted with buffer A;

- another peak (II) was obtained with KCI—HC] buffer

0.2M, pH 2. Renin ‘was finally gluted with 6 M area
in buffer A {peak III). Less than 1% of renin was de-
tected in the fixst two peaks, A specific activity of
130 G.U./mg of protein was found by RIA in peak
i, rccnesPondmg toa ﬂmty tlmes punﬁcatmn with -

- a 70% recovery. .

Attempts to e]uie Tenin W.lﬂl 0.1 NHC,N HCI and
3 M KSCN were unsiccessful. The use of 6 Murea did -

' not decrease renin activity when the seluimn was’ im- -

meﬁla:tely dialyzed against ‘buffer A, ) . :
©In control experiments, 15 G.U. of renin were- ap- ,

- plied to a column of unsubstituted Sepharose (fig. 22)

and of hexamethylene dlammo-Sepharose (fig. 2b). -
Al the renin activity was tecovered in the first peak .

Sin boih expenments. Some pzotems were. reta:ned on -
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“Fig 2. Affinity chromatography of renin. 15 G.1. were ap-

plied on a 2 ml column of {a) unsubstitared Sepharose, (b

hexamethylene-diamino-Sepharose. 140 G.U. were applied on
a 16 ml colomn of Pepstatin-hexamethyiene-diamino-
Sepharose {c). Arrows indicais the differeni buffers used for

_elution; Al buifer A; B Ki:l RBCl O, 2 M, pH 2.0;C: 6 M urez

in buffer _ZL

3;.3,Renin ch'amcieﬁzaﬁon -

emn was chaxncienzed from peak IMI by its. abﬂrxy

' 10 increase rat blood pressure by b;omsay and to gen-

erate angiotensin 1'as measured by RIA, when incu--
bated with PRS. PAGE of peak 11l showed two major
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Fig. 3. Polyacrylamide gel electrophoresis of renin from peak
1. 5 X 102 G.U. were submitted to electrophoresis at pH
10.2 and after electrophoresis each slice was incubated with
PRS in 1 ml of boffer 4. Anpiotensin I formed wis measnred
by R1A. Insert: PAGE of renin solution applied to the afi
ity colum= (left) and of peak 131 {xight).

bands. The faster had the same R . {0.49) as renin de-
tacted in the gel (fig. 3). Thiz R, ¥as identical to the
Rj of the startinz matesial {G- 48)

Remnin purified by affinity chromatography was
not homogeneors on PAGE and stil] contained at least
one major contaminani. This might be due 1o the
simulianeous adsorption ang elution of renal acid pro-
tease{s) inhibited by Pepstatin, such as cathepsins.
However, rio pepsin nor cathepsin-like activity was
detectablz in peak 111, using casein {1] or hemoglobin
[i5] =5 a substrate. Other mechanisms coald sxplain
the reteniion of proteins on Pepstatin—Sepharose
such as strong hydrophobic binding. Hydrophobic
binding on Sepharose substituted with N-ajkylamines

. has been recently reported {16]. This phenomenon

is in sgreement with the retention of peak Tl proteins, |
~which oceurs on hexamethylene-diamino-Sepharose
whether Pepstatin is coupled or not (fig. 2).
“Pure renal renin hasneyer. been obtained by cOR-

_ventional methods, Affinity- nc}nomamgraphy isavery

powexful tool, allowing ina single s*ep a thirty timss
: punﬁca‘tmn "Ifhls cmﬂd ”be used in csnjum;tm wxih
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already described methods, in order to obtain a com- .
plete pnnﬁcaimn of renin. :
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