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The omurrence of carbonyi reductlon in contmuaus celi lines emphasxzes
| the essentmhty af thns metabouc pathway
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‘ Ur.lng the kelone cnmpmmd mctyrapane (MEON) uxd subsirste for carbanyt reduction it his been verified for the first tinie that variois permanent
cell linex i culture cxpresy. carbunyl reducing sctivity, Thix i even trie for the dediffereniined and fbroblagieid cell line V79, emphasizing the .
essentislity af this metabolie pithway. MPON reducing enzyme activilies fre’ locuted in the endaplismic reticulum as well s in the eytaplism
of the cells. Campared 1@ MPON-reduclise in wmt liver migraiomes, no immurologleal homalogy ta wicrosomal CAREVT raf liver hepstoma cell
MPON- rtduems: couli ba detected, ingdicniing differences iy antigeniv dererminants between the enzymes of lhe solid organ .md raspetuve cells

. ‘ in c.unlinuuus culture, .

Melympﬁne (MPON) Curbonyl rcdmmsc. Reduetwe mémbnhsrn Cnll cullurc

l INTRODUC"IC}N

Mctabohc reduction is the counterpart to oxidative

‘pnthways in the detoxication of many xenobioties. This
s especially true for lipophilic compounds bearing nitio -

or carbonyl groups [1]. Carbonylic substances often ex-
~er toxic effects on living matter, &g, inhibition of

~ growth or interferences with metabolic reactions of the

cell. [2] -and, therafore, have 1o “be merabohzcd im-
mediately. - Aromatic and aliphatic "aldehydes and

‘ketones frequently - undergo carbonyl reduction as a
~ first metabolic step prior to their further metabolism .

“and elimination [3]. The enzymes mediating carbonyl

neducuon belong to the aldo-keto reductase family and’

comprise carbonyl reductase (EC 1.1.1,184), aldehyde

reductase (EC 1.1.1.2) and  aldose reductase (EC -

C L2l Furthermore, enzymes like NAD(P)H: qui-
noné-oxidoreductase (NQR, EC 1.6.99.2), dibydroediol

, ‘dehydmgenase (DDH, EC 1.3.1.20), and hydroxy-

steroid dehydrogenases might be involved in carbonyl
metabolism. In addition 1o their contribution to the
detoxication process carbonyl reductases seem to play
- ‘51gmf1cant roles in the biotransformation of physio-
logically occurring substances, such as steroids [4], pro-
staglandins [5] and biogenic amines [6]. Carbonyl
reducing enzymes have been characterized in man and

animal [7), but little is known about their expression in -

ce]ls in contmuous culture
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In previous investigations we purified and charac-

terized 2 carbonyl reductase from mouse liver micro-

somes using the ketone metyrapone (MPON) as sub-

~ strate [B]. Moreover, we developed a method of HPLC

analysis for direct determination of the reduced alcohol
product metyrapol (MPOL) and, besides this, we raised

-antibodies against the microsomal mouse liver MPON-

reductase to investigate immunological homologies to

‘:espectwe enzymes of other tissues and species,

Up to now MPON reducing énzymes have been
found in mouse [8], rat [9], rabbit [lO] and gumea pig -

- [11} tissues. However, about their existence in perma-" ‘
‘nent cell lines nothing is known, The present study has,

therefore, been undertaken in order to establish wheth-"

~er continuous cell lines of human and rodent origin =~ -

besides their expression of cytochrome P-450 isozymes -
[12], also’ express enzymes mediating carbonyl reduc- .
tion, infermation ofpossnble value also to other groups

: workmg on the enzymology of reductases.

2. MATERIALS AND METHODS

. Chemicals :
Melyrapone wis puuhased from Fluka AG (Buchs. CH) En-

zymatic tests were performed using NADP*, G-6-P, G-6-P-DH from
- Bochringer Mannheim (Mannheim, FRG). For HPLC acetonitrile of .~
"HPLC-grade from E. Merck (Darmstadt, FRG) was used. Ham's F 12

and NCTC'Cell Culture media were fromn Flow (Mcck'-nhmm FRG),
Dulbécco MEM-medium, penlcillin, streptomyein and 4/ 6-diamidin-
2-phenylindal-dihydrochlorid (DAPI) a3 well as diphenyl-hydantein

{DFH) from Boehringer Mannheim (FRG). All other chemicals were :
. of hnghest commercially. avanlable grade.

2.2, Cetl u..-'!ure

S22 Characieristics of cell lmes used in this work

Dc:dlfferentlated and flbroblaslold V79 cells were onglnally‘
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fwlawd fmm Chlnm lmmmfr lwng {1 2] TM el linv NEL ﬁ)!! wiv:

derived fram a human Jung (umee having moerphologicul and funes
tlanal fewturey of Clara <ells {13). HAUECHAG" and CIREVT are
dewendants . of the  Reuber . HIY hepatapa <ol Hae  [14,14).
HHTECK G had been intermittently  suhured. 0 glucere-free
nveckum [t&) e seleer theve eells. bielng able 10 pesform
glucancagenesis a5 o marker Tor Hverapwilie funetions. CIREVI

arigiratee In w selected clow, re: cxpressing Hversspecific Fup: Al

The latter ¥ cell Hoex are differentiated, Lo they pcmm apeeific 4y
tribvtes af their tiswe of origin (17,18). :
10" ety of V19 and 4 % 107 gells of mt: ailice J Iilm were seeded

in 100 miw Grelner plasile dishes er 23 cmi! eell endture fasks, Varand - :

NCE-HIZ were grown in DVMEM medium completed with 10% tesvy
foetal galf serum; 100 u/ml penieiilin and 100 pgrml streptomyein m
IPC in an aimosphers of 5% COW/08% i, HINECHG™ and
CIRENV? were cultured iy Flam's FIZZNCTC 135 medium (1) wiih
5% (edvd-Toatal calf serum (supplement of ainibletics and culiuing
was the same as before), Medium was ¢changed daily beginning from

the 3rd day afier seecding. For experiments cells were grown 1o their

‘aprimun density, o paramerér of experience. :
Adl cell tines used in vhis muly werg !'rcc ol myo.oplusﬂm a% judged
by smmma wiih DAP] [I9l

2.3, Preparm!an of subeelliclar jrac.'lcms

The monolayers were rinsed twiee with isolonie (1. 15% KCl) Trise ; =

HC! bulfer, pH 7.4, seraped off with a rubbér poticeman in 1 ml buf-

I’m per-plate and sedimented by centrifugation at 200 ® g, Afier 10

% of homogenization with an Ultraturraxin the cold, the homegenate
was centrifuged 10 min at 600 % g, 10 min at 12 000 % g and 60 min
ar 170 000 x g nltsteps being carried out at 4°C, Remaining supernas
it represents the cytasalie, the sediment the microsomal tracnou.
wlnch was resuspended in Tris- HCI buffer nH 2.4,

2.4, lneulmrians in udmrerl mmromyers

MPON, <hssolvcd|nmedmm was ndded toa final conccmmuonor.

0.06, 0.4 or .1 mM 1o dishes hgvmg gained the optimum cell density,

A 50, aliquot was taken from the medium after appropriate time in-
tervals during the incubation period and the reaction was stopped by

mixing it with 100 4! ice-cold acetonitrile, The .samples were centri-
fuged in an Eppendorf centrifuge at 8000 X g for 6 min in the cold:

1o sediment crganjc material and 20 4l of the 5\1pcrmtnnt servui Ior ‘

HPL.C-determination of MPON and MPOL.

Experiments to investigate a possible mducuon of carbonyl redu;— =

ing astivity by dxphenylhydamom (DPH) werg carrled out by adding
'0 5 mM DPH I'or 48 h to the cells,

2.3, Incubarions with subcallufar J‘mcnons

The assay of MPON-reduction was. performed by Incub:umg 65 ul

of hiological material in'a {inal volume of 75 xl'at 37°C, After. addi-

tion of § gl of a NADPH-regererating system {final concentrations: ]

NADP*, 0.8 mM; G-6-P, 6 mM,; G-6-P-DH, 0.35 U; MgCls, 3 mM)
the reaction was started by ‘adding 5 #l of 15 or §0 mM MPON
(dissolved in water) to a final congeniration of 1 or 4 mM, The redc-

tion was stopped by transferring 15 ut of the incubation mixture into

45 ul ice- cold acetonitrile, ‘procee‘dmg further as described above.
Respective controls were parformed without bialogical material. -

2.6, Determination of melyrapane (MPON) and el ymyo! (MPOL)
by HPLC
MPON and its reduced alcohol metabohte 'VlPOL were detected on

areversed phase HPLC sysiem, using an Octadecyl-5i 100 polyol (Ser-

v, Heidelberg, FRG) matrix colunin (4.5 mm x 25¢m) and an eluent

of 30%-acetonitrile (v/v) in 30 mM phosphate buffer, pH 7.4. MPOL

elutes at about 6.5 min and MPON at 10.0 min (tlow rate: 1. ml/min)
and are monitored at 254 nri with an UV monitor and HPLC integra-
_non software (BmRad Mumch, FRG) :

2,7, Determmauon of pro!em '
Protien delermmdnon wa c.arnu.i out accordmg to Lowry et al
[20}. :

360

!‘EB& LE‘T’TE&%

. Yalues are means =+ 8D, n-

May 1991

o -
‘Q‘

~
O ) .

-
o
-k

Conceniratnen lgMt

Time (M)

Fig. 1. The vedueton of NPON In VI manalayers in culiure, The
tme vourse of changiag concemraions of e reduced alcahol
matnbolite MPOL (@3} and he subsiraie MPON (@—8) i
shown, The vorrelallon coofficlent of the rectangular hypérbaln for
MPOL s 7 = 0,990 and of the exponentisl decay for MPON FAY

8,947, MPON was addéd in culture medium to g Tinal concentration
of 60 M. Forcomparison the time course of the concentration of the

sum of MPON and MPOL s given (==&} 1 =2, -

2.8, SOS-polyacrylomide gel elecirapharesls, tonnunobloiting and
. preparation uf antibtdies : . :
SDS -palyacrylamide  gel c‘letlmphﬂrtsh. tmmunoblmlina and
prepiration of antibodies against the MPON reduetiase from mause:
livel mictosames were performed as deseribed previously {21).

3 RESU LTS

3 1, Incubanons w:rfa t.e”.i‘ in culmre
Durmg the same time course of all expenmcms with

“cells in culture the protein content of the cells changed

only slightly (5-10%) per flask. The formation of the
reduced  metabolite ' metyrapol (MPOL) was thus
mcdlated by a F’ur!y constant amount of reducing en-
zymes. Control experiments without cells showed less
than 5% of the acuvxty with cells, whxch was at the l:mlt

1004

pmok MPGE.-/ min = mg "~ Protein
I .
o

o} T - T T T Tt LU
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Fxg 2. Michaelis-Menten kinetic of MPON-reduction in NCl H322

cells. in culture. For detalis uf ineubation vondiifons see-Section 2.

= 2~12 (n=28 allogether). Iteration

analysis with KINPLT kinetic soﬂware gave a Ky of 1.73 = 0.65mM.

and a Vaax of 2525 + 65.5 pmolsmin ing™" protun The correlation
o coeffxclent for llm.ar regrcssmn was rt = 0.93,
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af detecrion and which mlaht be cauyed by ﬁompancnts |

of the fostal eall seruny in the culture medium. In ac-

: cardance with [17] enly 2-4 experiments. were cnrried

ut for each time Interval,
“Fig. 1 shows the decreasing c:cncemmtmn af thc

_substrate MPON and the Incrensing concentration of ‘

the substrate MPOL. during a 24 hincubation. The non-
linear time course of the corresponding curvey indicares

“thrat at this substrate conceniration reduction of MPON

‘has: not reached the maximum velocity, The sum of
substrate and product concentrations deereases only

~viery slighily during ihe incubation period, showing that .
ather pathways of MPON-metabolism, such ag N-

oxidation [22], do not seem 10 be important,
~In Fig. 2 the kineties of MPON-reduction in the
human fung  wmer cell line NCI-H322  are
demonstrated, wtuch gave a calaulnwd me of 253
pmol/mg min~!

Fig. 3 comparcs the specific actwines of Lnrbonyl "
‘reduction with varying substrate concentrations of

MPON in 3 cell lines. The dedifferentiated, fibroblas-
" told cell line V79 revealed the highest activities. Using
0.06 and 0.4 mM MPON, in V79 it was twice as high as
in NCI-H322 and C2REV?. These differences in en-
zyme activity disappear by increasing the. MPON con-
- centration -up to. 1 . mM. ©Obviously, the maximum
velocny of MPON-reduction tan be further enhanced

~in NCI-H322 and C2REV? wuh substrate concentra-

~ tions higher than I mM, whercas in V79 the maximum
- seems to be reached. However, 4 mM MPON added to
‘the cells had aletha! effect on V79 aud NCI-H322 attc:
24 h of incubation,

1.2, MPONfredu'cz:'o'n in subcellular fractions
Concerning the subcellular localization of carbony!
reductases, the cell line V79 and NCI-H322 showed
‘higher specific. activities in both cytdsol and micro-
somes than the cell lines CZREV7 and HAIIEC3/G™ (¢f,

o5}
| ioo+
78p
56
25

3

Specific Activity in
pnal MPOL/ninkng Prot.

V79 NCI-H322  C2MEV?

Fig. 3. The specific activity of MPOL formation of cells in culture.

MPON was added in culture medium to final-.concentrations of 0,06,

0.4 and 1 mM, The incubation tinies were 24-h (lefr and right bar) and,

48 h (centre bar). For details see Section 2: Values are means =+ SD

(number of experiments (#) and concentrations of MPON (mM) are
. given below the tespective bars),
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f'ig. 4 T'hc: :pw?i:. aetiulw of MPOL formadon in pnmlimm mg
proteln indylasel (€) and wmicrosemes (M) o1 4 ¢éll tines, MPON was

_added 1o final concentratton of | mM. The ineubations were earried
- aul wid o NADPH:regenermlng system in time intervals runging

l‘rom 1410 90 min. For detalls see Section 2, Values are means & ‘?D
n=-lberd indwi:lual prepnrntions :

Fig.4). In all 4 hnes the cytosolic activities. surpassed

that of the respectwe mlcrosomcs

3.3, lmmunobla: mmlysrs
Employmg the immunoblot - technique (F:g ) an-

tibadies against the microsomal mouse liver MPON-

reductase [23] crossreacted with its homologous antigen -

in rat liver microsomes, but not with any protein of the

4 cell lings, although equal amoums of protein (7 S;tg) 3

were applied.

3 4 Further mvesnganons
In all investigations there was no change in c.arbonyl
e_d‘ucmg activity in relation to growth cycle or age of

1 2 3 a8

Rat, ¥79  HCD 0 c2 H4IG

Flg s Immunologlcal companson belween MPON. reducing en-

- zymes of microsomes. from rat liver {lane 1) and microsomes fram

cells of continuous culture (lane 2 = V79 lane 3 = NCI-H322; lane
: 4 = C2REV7; lane § == H4llEC3/Gf). For details see Sectipn 2.
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the wllx (numbcr of paxaages} The' indue:bihly af

MPON-reduction was tested by adding  the anti-

epileptic diphenylhyd.\nwin (DPH). - well-known in-

ducer of eytochrome P-430 and enhuncer of MPOM-

decompasition {24 1o cells i in culture. In none of the 4
¢ell lines, neither In eytasal nor in microsomes could an
enhfmuemgm uf’ r.:nrbcnyl reduction be detected,

i, DISCUSS[ON

“The présett smdy demonstrmes tlmt permnncm cell

lines express enzymes mediating the reductive bio-
transformation. of carbonyl campounds. Using the
ketone compound metyrapone (MPON) as substrate

the ceil lines V79, NCI-H 322 and C2REV7 reach similar :

specific activities in culture me.ubntlons wuh MPON
uomentranons of . mM.

Concerning the distribution of c.mbe.myl redu:.mg en-
zymes within the celt we concentrated on cytosolic and.

micrasaomal fractions as the main subeellular localiza-
tion of bioiransformation enzymes and found in all cell
lines a cytosolic MPON-reducing activity surpassing

that of the respective microsomes. Despite the aceur- -

fence of a microsomal form of MPON- reducing en-
zyme in the cultured cells no immunological crossreac-
tivity was detected with antibodies against the MPON-

réductase from mouse livermicrosomes 123]. This could
‘be due 10 a change in immunological homology, be-

tween rat liver as solid organ and C2REV7 rat liver
hepatoma cells. In contrast, the MPON- reducnawm rat
-liver microsomes was demonstrated to have nmmuno-

Jogical homolognes with' macrosomal mouse lwcr ene .

zyme (Fig. 5) [11].

"fn conclusion, carbonyl redumon seems to be an
essential metabolic pathway; due to its mamlcnance in
all continuous cell lines examined so far. This is even
true’ for the dedifferentiated and fibroblastoid: V79

cells, which have poot drug mctabohzmg enzyme ac- !

tivities {12] and in which high activities of MPON-

. reduction are found. Moreover, MPON xeducmg en- -

zymes ai¢ expressed independently of growth cyele and
age (number of passages) of the cultured cells, thus

. aghin confirming the s:gmfacance of carbonyl reduction

“as an essential metabolic pathway in normal cell
physmlogy ‘
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