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Isolation and Properties of Protease Pi in Escherichia coli
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Abstract: A periplasmic endoprotease, named protease Pi, was purified 1o homogeneity from
Escherichia coli by conventional procedure with insulin as substrate. This enzyme degrades insulin
and glucagon to trichloroacetic acid-soluble meter:als, but shows little or no hydrolysis of bovine
serum albumin, casein or globin. [ts molecular weight was 110,000 when determined by gel tiltration
on Sephacryl S-300 and was 105,000 when estimated by polyacrylamide gel electrophoresis in the
presence of sodium dodecyl sulfate. Thus, it appears to be single polypeptide. This enzyme is
metalloprotease, since it is completely inhibited by ¢-phenanthroline und can be activated by addition
of divalent metal cations, such as MgZ* and Co?*. It is distinct from protease Ci, a cytoplasmic in-
ulin degrading enzyme, since protease Pi is localized to the periplasm.

Since protease Pi selectively degrades GTP cyclohydrolase 1, 1 appears to play a role in the
regulation of pteridine biosynthesis.
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Fig. 1. Seconc DEAE-cellulose chromatography and
SDS-PAGE of protease Pi. (A) Profile of insulin-
degrading activity. Preparation of reaction mix-
tures and incubations were performed as
described in Materials and Methods. (B) Electro-
phoretic pattern of high insulin-degrading frac-
tions in 10% polyacrylamide gel.
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Table 1. Summary of purification.

. Total  Specific Purifi-
. Protein o . Recovery .
Step img) aclivity  activity %) cation
wi*  (U/mg) * fold
Crude extract 10, 3%0 - - - -
First DEAE-cellulose 130.2 1497 1L.5 100 1
CM -cellulose 15.1 1351 89.5 90 7.8
Phosphocellulose 13.7 924 192.5 62 16.7
Hydroxylapatite 0.45 432 983 29 85.5
Second DEAE-cellulose 0.10 156 1569 10 136

Determination of insulin-degrading activity at each

steps was carried out under linear assay conditi-

ons as described in the Materials and Methods.
*One unit was defined as 1 ug of insulin hydro -
lyzed per mg protein per h.

**Not estimatable (see text).

%814 Sephacryl S-300 column (1,3 %70 cm)
ol gel filtrationS 81 2 A3} ek 110, 000 dal-
tono 2 velytc} (Fig. 2A). E3F  subunit &
size® U798 SDS-#719%S &l v Fig.
2Bet o] <f 105,000 daltono g & Heo
2 Ho} protease Pix 348 polypeptide 2.
TAEHA U+E & F UM

PSE PO/ R R -1

A REL e TF2E pro-

: F ' 3

= 200f e f‘

B b\ Protease Protease

= ! Pi Pi

= 100} Tt ‘

5 \ \

153

% :j\ h :

S 50t *
045 55 65 0.2 4 6

Elution Volume ml Relative Mobility

Fig. 2. Determination of the molecular weight of pro-
tease Pi. (A) Estimation of native size. The elu-
tion of marker proteins was monitored by their
absorbance at 280 nm, which was plotted
against their molecular weight. Marker proteins
used were: a, catalase (Mr of 240,000); b,
aldolase (Mr of 158,000); ¢, alkaline
phosphatase (Mr of 82,000); d, BSA (Mr of
68,000). (B) Estimation of subunit size. Marker
proteins used were: e, myosin (Mr of 205,000);
f, g-galactosidase (Mr of 116,000); g,
phosphorylase b (Mr of 97,000); h, BSA (Mr of
68,000).
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Table 2. £ffects by various protease specific in-
hibitors on Protease. Pi.

Addition Concentration % Activity
{mM)

None 0 100
Ethylenediaminetetracetic acid 1 54
o- Phenanthroline 1 5
Phenylmethylsulfonylfluoride 1 97
lodoacetamide 1 92
N-Ethylmaleimide 1 102
Dithiothreiotol 1 47
p- Hydroxymercuribenzoate 1 10
N-Tosyl-L-phenylalsnine 1 g5

chloromethy!l ketone
N-Tosyl-L-lysine

chloromethyl ketone 1 105

Protease Pi was dialyzed against 50 mM Tris-HCI
(pH 7.8) for 6 h during which period the dialysis
buffer was changed every 2h. Reaction mixture
containing the indicated inhibitors were incubated
for 10 min at 37T before the addition of '**I-in-
sulin. When metal chelating agents were tested,
the MgCl, was omitted. Insulin hydrolysis in the
absence of an inhibitor is expressed as 100% ac-
tivity.
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Table 3. Effects of divalent metal ions on prote-

ase Pi.
Cation Concentration (mM) % Activity
None - 100
MgCl, 0.1 100
1 113
5 143
CaCl, 0.1 100
1 112
5 105
MnCl, 0.1 105
1 98
ZnCl, 0.1 63
1 14
CoCl, 0.1 96
1 139

lin o] &]of o}& bl 7)Aol ofdl B4 4]
& 24 & A7 glucagon = 7hF sk A
o2 yElytor} caseino|vt bovine
albumin 5 o}& chlAE L 4B
e 7o g velytct(Table 4),

=3l protease Pioll 2% insuling cleava-
ge site & doli 7] $ilo] Hb-g Eg-Golof 7|
22 9] "linsulind} 7| wlilso] H A5
| ¢&-& intact insulin, insulin A chain &
insulin B chain€& 77t Arlebmdsd 24 4
=% ZA33Uch Fig 304 2y wiol 3ol
M _insulino] g A4 o] =% AA=E
o2 Holinsulin A, B 5 chain B Eof

serum
Al 7] #]

Table 4. Degradation of various proteins by pro-

tease Pi.

Substrate Concentration(ug) % Hydrolysis
Casein 25 2.38
Bovine serum albumin 25 0.00
Denatured bovine serum albumin 25 0.36
Globin 25 0.70
Glucagon 25 44. 69
Insulin 5 35.38
Growth hormone 12.5 0. 47
Denatured growth hormone 1 0.00

Concentrations indicated are the amounts of pro-
tein substrates.
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Relative Activity %

Concentration ug

Fig. 3. Effect of unlabeled insulin, insulin A and B chains
on the degradation of '?/-insulin by protease Pi.
Reaction mixture contained 3 ug of 12%]-insulin,
and various amounts of unlabeled intact insulin
(a), insulin A chain(0), or B chain(e). The pro-
teolysis occured in the absence of added unlabel-
ed proteins was expressed as 100% activity.
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Table 5. Seflective degradation of GTP cyclohydro-
lase 1 by the purified protease Pi.

Protease (amount used) % Hydrolysis

Crude extract (100 ug) 7.2
Protease Do ( 5pug) 4.2
Protease Re ( 5pug) 0.0
Protease Mi ( 10 ug) 5.8
Protease So ( 5pug) 7.0
Protease La ( £ ug) 3.4
Protease Pi  ( 1pug) 63.8

Assays were performed by incubation of 0.5 ug of
'I-GTP cyclohydrolase and various amount  of
purified protease in E.coli at 37C for 1 hr. Try-
psin (2 ug) degrades approximately 65% of the pro-
tein under the same condition.

{Swamy and Goldberg, 1982) Al Z Aol Zx)
3l insulin ¥3) &£4.¢] protease Ci {Chung
and Ha, 1984; Goldberg et al,, 1982) 2=
cjach, #ub olyz}, protease Pit o-phen-
anthroline, EDTA) 23] &= ==k prote-
ase Ci+ o-phenanthrolinedl] 213j4{al Aslx]
+ x}o] AL delth Insulin® cleavage site
o] 2leA & protease Ci+ insulin A chain®
A7) 2 ¢+ A2 eyt o} (Chung and
Ha, 1984), protease Pi+ insulin A % B
chain®] FE Frloll wa} G4 E4fo] A4 =
+ 702 Mol 5 chain 25 specific clea-
vage site7} v A2Z vEltr}(Fig.3). o
AF AZ W Esle = ok s FE
4 52 (Protease Do, Re, Mi, Fa, So, and
La) (Goldberg et al., 1982) insulinS 7}4%
&) A 7]z %38lx, caseinolu} globing H3l35}
+ serine protease©|”|ol]l AAZH Protease
Pigle obE 2408 o F Usish

22+t Cheng and Zipser (1979) oll |3} “au-
to ¢ & 7]1H 2 Fo] £2|g) proteasel & ®]
e 2, #=F2k (110,000 dalton) o]v} = 8) #)
of o3t &4 B4} oA &7 (o-phenanthro -

2

fAF L2 e insuling 7|22 3] protease Pid 4 et}
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line, EDTA, DTT)olA =j$ fAlgt Moz
Xo} prote .se Pio} £Ug vl HaF 42}
3 oAz} dh4ut EDTAo 280 inactivate
X protease [[4= Zn®*ol| 2|&ted c}A] 243}

s]a, Mg?* = Cal*ol] ol WichE olsko b
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Ao} Ae] A 7)%5 0|} antibody specificity 52
ool oz FAY B4 FFE s Hol
of & Hojch,

&2 protease Pief AZu] &3 7]zt
2ol el deiAl wb glAjal, oA Al
FollA GTP2%-¢ pteridine compound&] A
FA Azol F28 AEE = GTP cyclo-
hydrolase 1§ A" o2 sla¥-8f 3h 7o
2 dtelstcd (Table 5). ¢l+ pteridine com -
poundE¢| protease Piel 281 GTP cyclo-
hydrolase I & -‘Z8isdled 2AHE A48 F
ki & 4 Qlch i $oluel, Drosoph-
ilao| 4% o] pteridine&¢| cofactor+} colo-
red pigment% 2% 7|5% 7l HoE
otg] 2] 2 et (Dorsett et al., 1982; Weis -
berg and O Donnell, 1986). o}A 7}z Zz}e]
ol 4] insulin B8 &A1} o]e} FA}El gl Al B
Hase ¥y glov, dog EAFTE &
Uohn % Rl SARAE Aol solof & ol
t}, 28]} periplasmoll ¢ |3} protease Pi
7} A EZAo] E4ske GTP cyclohydrolase [
F o"A Adxlste] AdHog Falsh=A]

A Aol dob eda, AIEAA E4 5 protea-

se Pi7} 22 % 315lo] periplasmo. g o|%3}
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3] &tk casein, globin, bovine serum albuming 3% x| 9%t A2 uebykth Sephacryl S-3000] ¢
& native ¥2H8k(110,000) o/} sodium dodecyl sulfate - 7 7193 5 (105,000, 4] 2-& "oz wol gha) polypep-
tideZ FA=o] 9)3& o 4 2oich

o-phenanthrolineo] v} EDTAeo| 28l &4 83e] a5z, Mg®*sh Co**s} 72 divalent metal jonol] |5l 2
Aol F7hsle slez ol prowase Pit mewloproenses) UYL Yakeh o HAE periplasmel 4% 517]
of MlEAel| £33 protease Ciste ct2m, GTP cyclohydrolase |2 A#ladoz B Aow  wo
pteridine A4 2o zAol ol 98 ¥ zolatx of AR}
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