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The Stability Test of New Carbapenem DWP20418 and
Partial Purification and Characterization
of Renal Dehydropeptidase-I
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Abstract— Dehydropeptidase-] (DHP-)) was solubilized from porcine kidney by treatment with n-bu-
tanol and partially purified 19.25 fold by (NH.):SO, precipitation, DEAE-Sepharose CL-6B ion exchange
chromatography and Sephacryl 5-300 HR chromatography with an overall yield of 19.16. DHP-{ showed
its optimal activity at pH 7.5 and 25°C. Its activity was stable under neutral and alkaline conditions,
but was disappeared under acidic condition. And DHP-I was heat-labile and its activity remained at
45°C for 3hrs. The enzyme was not inhibited by dicationic ions. while its activity was increased by Co®*
(1mM) and Zn** (0.1 mM). The enzyme was inhibited by EDTA and N-ethylmaleimide. The relative
molecular mass of DHP-l was estimated to be approximately 100kDa by gel filtration chromatography.
The K, value of DHP-| for glycyldehydrophenylalanine (GDHP) was 1.98 mM. DWP20418 ((IR, 5S, 6S)-6-
(1-(R)-Hydroxyethyl)-1-methy}-2-((2S, 4S)-2~(piperazinylcarbonyl)-1-(R)-hydroxyethyl) pyrrolidine-4-th
io]carbapen-2-em-3-carboxylic acid). compared with meropenem (MEPM), was rather easily hydrolized
by DHP-1. while it was four times more resistant than imipenem (IPM) to DHP-L.
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Fig. 1 — Chemical structure of DWP20418,
(IR, 5S. 68)-6-(1-(R)-Hydroxyethyl)-1-methyl-
2-((28, 48)-2-(piperazinylcarbonyl)-1~(R)-
hydroxyethyl) pyrrolidine-4-thio)carbapen-2-em-
3-carboxylic acid
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rogiobulin(669 kDa), horse serum apoferritin(443
kDa), sweet potato-amylase(200kDa), yeast al-
cohol dehydrogenase(150 kDa). bovine serum al-
bumin(66 kDa), bovine erythrocytes carbonic an-
hydrase(29 kDa)°|$1t}.

Table I— Purification scheme of renal dehydropeptidase-I

Al FIHEEEA SRSl DWP204182 DHP-I
Oif CHet oHE A Wo|

22 849 7} 33HEe] tE K, 4 Ve
2R3 98 98 7iAF =AM as B4E 24
Ak 7129 = H9E 0.01~02mME 91,
K, &% V., Lineweaver-Burk plotoilA &89
om IPM9Y AMXNE 71Ee2 MEPM3 DWP
20418¢] DHP-1¢l| dist <Hd/4d& W78kt

An W o@

DHP-12| StEFA|

AR Ao HALZHE 2 n-butanol £%,
(NH,S0, ¥, DEAE-Sepharose CL6B °]2x
% AzvlE 729, Sephacryl $-300 HR Z2vlE

g IAE AX AL 19.258), 3l 19.16% 2
FEAA S cHTable ).
AN BN
100
7}
3
&
%
£
)
25
o \‘
6.0 70 8.0 8.0 10.0

pH

Fig. 2— Optimal pH of renal dehydropeptidase-I.
pH6.5~pH7.5: 50mM phosphate buffer (@),
pH7.5~pH9.5: 50 mM Tris-HCI buffer (O), pH
9.5~pH10.0: 50 mM carbonate buffer (A).

Purification step Total Total Specific Yield Purification
Homogenization 644.06 8333.44 0.08 100 1
50~75% (NHJ)5S0s treatment 521.42 1174.90 0.44 80.96 5.14
DEAE-Sepharose CL-6B chromatography 408.24 712.32 0.57 63.39 7.42
Sephacry! 5-300 HR chromatography 123.42 82.94 1.49 19.16 19.25

* 1 Unit : GDHP 1 mole& 7H&8j8hz &4
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Fig. 3 — pH stability of renal dehydropeptidase-1.
pH7.0: 50mM phosphate buffer (@), pH7.5~
pH9.5: 50 mM Tris~HCI buffer (pH7.5: O, pH8.
0. &, pHB5: A, pHI.(: @ pHY.5: &), pHI10.0:
50 mM carbonate buffer (W}
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Fig. 4 — Optimal temperature of renal dehydropeptidase-].
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Fig. 5— Thermal stability of renal dehydropeptidase-1.
4°C (@), 25'C (O}, 35°C (A), 45°C (A)
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Table I—Effect of metal ions against renal dehy-
dropeptidase-I

Metal ions  Concentration Relative activity (%)
Control 100
BaCl; 0.1 88.46

1.0 83.08
CaCl, 0.1 95.38
1.0 89.23
CoCl, 0.1 84.62
1.0 111.54
MgSO, 0.1 99.23
1.0 84.62
MnSO, 0.1 99.23
1.0 100
ZnSOy 0.1 106.15
1.0 13.85
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Table HI— Effect of various compounds against renal
dehydropeptidase-]

Concentration Relative activity

Compounds (mM) (%)
Control 100
8-Hydroxyquinoline 0.1 95.38
Sodium azide 1.0 108.46
Phenylmethy- 0.1 100

Isulfonylfluoride
1.0 113.08
Hydroquinone 0.1 81.54
N-Ethylmaleimide 0.1 93.08
1.0 80.77
EDTA 0.1 95.38
1.0 76.15

e 712 wEAES YA a2y Zn-
metalloenzyme$! DHP-1& 2k} Zn** o]2& H
7H Al mM) 2318 &4 fAdo] A=A
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mideol oJ3] &4 EAdo] s HoR Hop B &
4% metalloenzyme©]® cysteine”]7} T4 44
88 9Ee Ite AL & F AU $Hserine”]
of Zg8l= PMSFE &4 &4l Ao 43S Fx
2 ttH(Table II1).
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Table IV—The stability test of GDHP, IPM, MEPM
and DWP20418 against renal dehydro-
peptidase-]

Degradading
Compounds percentage (%)+S.D.*
Glycyldehydrophenylalanine 100
(GDHP)
Imipenem 13.15+0.26
Imipenem 100
Meropenem 13.38+3.35
DWP20418 25.32+£7.81

* 8. D. : Standard deviation
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Fig. 6 — Determination of molecular weight of renal
dehydropeptidase-i by gel filtration chro-
matography. Standard protein (O): 1) bovine
thyroglobulin (669kDa), 2) horse serum apof—
erritin (443kDa). 3) sweet potato PB-amylase
(200kDa), 4) yeast alcohol dehydrogenase (150
kDa), 5) bovine serum albumin (66 kDa), 6)
bovine erythrocytes carbonic anhydrase(29
kDa) and renal dehydropeptidase-1 (@).

Lineweaver-Burk plote g 3#3ct o7]fA
IPM9] V,./K, AMANE =42 MEPM# DWP
204189 ¥ 2HE3 An, FEAHAE DHP-10
3 MEPM2 IPM9] 13.38+£3.35%, DWP20418
IPM®] 25.32+7.81% w3l=Ifltt. 2822, DWP
20418°] DHP-Io| tis] IPME L} 317|224 IPM
Ho} quff 3 S VKT 9len, MEPM#
Aol ARG 9 SHAE 7HA T = Re = Hrt

A
4 8

2] Ao HFAR2HE] £4, nbutanol &=,
(NH,),SO, 38, DEAE-Sepharose CL-6B ©]2x
g a=vtEaes, Sephacry]l $-300 HR A 2v9tE1
e HAIE A AAE 19.259, B8 19.16% =
DHP-1& FEAASgl o A o3 320l 725
£ B8 100kDa A== FAEAT. T4 EA st
A pHe 2%+= pH7.59 25°CE #HrlsEley £
&= phosphate $& %Rt} Tris-HCl £-3 o)A
o] &4 ¥Ao] 58 A o2 e &4 A



620 AL gE

FYE -8

A B FaE pHT.500A Ha 8Ao] 7HE A&}
A FAHReH, pHT.0L AAE T4 L a4

AoME &4 4L vnF AAS A KA =AUt
250 tig £4 AL 4°CoM AF T2 A
2 HEhilon], T 28 0 ME E Aol
A AaHe] 25°CellA 3A1zkekel 93.06%2 &4 &
o] 7+43c}. Chelating agent?! EDTAS} hy-
droquinone®l 913 &4 ¥Ado) AsiEar, Co** o]
(1 mM)elut Zn™* ©]2(0.1 mM) 2] ¥7IE 8] i4
gAo] Frtsle AnE B8 B Ae Jeid viel 2
o] metalloenzyme©l®1, 3, 6), 4 2 Au 74
g4 &4 Aol Co* o]0y Zn*" o] && Hrlete
71&e BgAR g IXSQE >0 w9 B ZAE N-
ethylmaleimideo I3} &4 &Ado] Ao o)
= cysteine?|7t 49 4o F238 4TS drhe
RAE o|ugi], serine”|o A-83h= PMSF= 84 &
el Aol Jakg FA gskrt. w3 2EAAE DHP-
Il 98 MEPM2 IPM9] 13.38+3.35%, DWP
204182 IPM9) 25.32+7.81% 9o E3=ATt o]
3] DWP20418°} DHP-I| dis IPMET} 319712
2A IPMEC 4u] Aol 53 E-o|n,
MEPM#} A¢] AR +&9] S 7ML e

Aog HrHEAG.

B
r

ok

=

2 #

1) Campbell, B. J., Lin, Y. C., Davi, R. V. and Bal-
low, E. : The purification and properties of a
particulate renal dipeptidase. Biochem. Biphysics.
Acta, 118, 371 (1966).

2) Littlewood, G. M., Hooper, N. M. and Turner, A.
J. : Ectoenzymes of the kidney microvillar mem-
brane. Affinity purification, characterization and
localization of the phospholipase C-solubilized
form of the renal dipeptidase. Biochem. J. 257, 361
(1989).

3) Farrell, C. A., Allegretto, N. J. and Hitchcock,
M. J. : Cilastatin-sensitive dehydropeptidase I
enzymes from three sources all catalyze car-
bapenemdrolysis and conversion of leukotriene
D4 to leukotriene E4. Arch. Biochem. Biophys.
256, 253 (1987).

4) Thomas, M. and Norman, P. C.: Renal ca-

tabolism of glutathione. Characterization of a
particulate rat renal dipeptidase that catalyzes
the hydrolysis of cysteinylglycine. J. Biol. Chem,
257, 11915 (1982).

5) Kim, H. S: and Campbell, B. J. : Association of
renal dipeptidase with the Triton-insoluble frac-
tion of kidney microvilli. J. Memb. Biol. 75, 115
(1983).

6) Mikami, H., Ogashiwa, M., Saino, Y., Inoue, M.
and Mitsuhashi, S.: Comparative stability of
newly introduced-lactam antibiotics to renal di-
peptidase. Antimicrob. Agents. Chemother. 22, 693
(1982).

7) Campbell. B. J., Forrester, L. J., Zahler, W. L.
and Burks, M. : Beta-lactamase activity of pu-
rified and partially characterized human renal
dipeptidase. J. Biol. Chem. 259, 14586 (1984).

8) Mltsuhashi, S., Fuse, A.. Mikami, H., Saino, Y.
and Inoue, M. : Purification and charact-
erization of human renal dehydropeptidase I.
Antimicrob. Agents. Chemother. 32, 587 (1988).

9) Sugiura, M., Ito, Y., Hirano, K. and Sawaki, S. :
Purification and properties of human kidney di-
peptidases. Biochem. Biphysics. Acta. 522, 541
(1978).

10) Adachi, H., Katayama, T., Inuzuka, C., Oi-
kawa, S., Tsujimoto, M. and Nakazato, H.:
Identification of membrane anchoring site hu-
man renal dipeptidase and construction and ex-
pression of a ¢cDNA for its secretiory form. J. Biol.
Chem . 265, 15341 (1990).

11) Kim, H. S. and Campbell. H. J. : B-lactamase
activity of renal dipeptidase against N-for-
mimidoyl thienamycin. Biochem. Biophys. Res.
Commun. 108, 1638 (1982).

12) Hirota, T., Nishikawa, Y., Tanaka, M., Igarashi,
T. and Kitagawa, H. : Simultaneous purification
and properties of dehydropeptidase-I and am-
inopeptidase-M from rat kidney. Res. Commun.
Chem. Pathol. Pharmacol . 49, 435 (1985).

13) Masatomo, F., Yoshihiro, S., Eiko. T. H., To~
moharu, T., Hiroshi, N., Tsuneo, K., Takao, O.,
Haruki, M. and Makoto, S. : Stability of mero~-
penem and effect of 1B-methyl substitution on
its stability in the presence of renal dehy-

J. Pharm. Soc. Korea



48l DWP204189] Hg4 Bt 621

dropeptidase 1. Antimicrob. Agents Chemother. 36, the quantitation of microgram quantities of pro-
1577 (1992). tein utilizing the principle of protein-dye bind-
14) Bradford. M. M. : A rapid sensitive method for ing method. Anal. Biochem. 72 248 (1976).

Vol. 41. No. 5, 1997



