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A New Assay Method of Retinal Reductase Activity in Rat Intestinal
Mucosa and Its Enzymatic Properties

Shigeaki Takacl, Yiako Fujl and Yoshinobu KIMURA
(Department of Biorvesources Chemistry)

An in vitro assay method of retinal reductase (RRase) activity in rat intestinal mucosa
was established, and the reactions of the retinal in this assay system were examined. The
intestinal RRase’s main function is to reduce the retinal produced from provitamin A,
such as f-carotene, to retinol. When in vitro RRase activity was determined uting rat
intestinal mucosa homogenate by previously published methods, a poor reproducibility of
the specific activity was obtained, because of the rapid inactivation of this activity in
homogenate. We found that the RRase activity was moderately stabilized by pre-addition
of nicotinamide derivatives, nicotinamide or NADH, to the homogenate buffer. As
already reported, GSH was one of the essential cofactors, but it can be replaced by the
other thiol reagents, dithiothreitol and mercaptoethanol. EDTA strongly inhibits RRase
activity, which is recovered by Ca?* and Mg?**, thus these metal ions may be essential for
the activity. Since the Km value of RRase was 83.3 xM, more retinal than 200 xM was
ordinarily used for this assay, in which the over 40 9% of substrate retinal was reduced for
120 min incubation. This result suggests that the equilibrium of this reaction largely
shifts to the retinal reduction.
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F72, 7wV —LESICH S RRase #° cellular retinol binding protein (II) (CRBP
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Zbhilh.

]



2 EAREREA - AT - RATRH

Brl3GEEIOT /4 FDT y FANBEERIC B BEESM LSV ToO—EOIRIY - £33
FIGZBIFL T 38, RBETRZN I D - 20T BT L > TELZVFF—0D
VI =D FIRIZ oW, BERIEE D ELORET & HPLC % F v 72 iEWRE R DR
L, 25|12 RRase mBERZHEE*HL»I2T 2L L L2V FF—LOB{LEEIZDW
T HEBRE L 7o,

Mo# r Fo&E

F oy b 10845 S 1GBS DT 4 2 F—F 4 2 CE- 2 KA (AR L 7) % BHEE
W2, CRINC—EEEI TR,

BERER, 7y P2 —TARBERELHZL T /BT EE - YR LABEEEKRT
Ve, 1mMGSH t2mM =25>7 3 F (NA) 284%0.1M ) »EBA ) 7 28 E8E,
pH 6.3F CHIBEZHBEL, T 70 RESHFAF—ITLDEREY 2 32— } 22000 gx 20 min

EILL T EEZHEERRE L THAL 2.

EHRERE V=T 2 b ERic30 mM a2 — VB b ) v Rz TEALE
=) —xANRr—F—TT L %8EEL,30mM 3—)V#EF )T LTAAT v 7L
FWEX LU THRAL, VFF—VBEIR XY/ —VERD ELE, 381 nm=15030% F v CHIZE
L 7z. incubation mixture |Z 2mM NADH, 2mM GSH, 200—400 uM HL FF— &
0.2—.6mg/mEBREABERLULZmM a— VBT M) 7az2E80.1M ) B ) T LB E
W, pH 6.3TH D, 37C TREE®7. PFrERHE# incubation mixture 1ml % 4ml O7
£ b ICMA TGRS, E5120.5ml w1% BHT =5/ —VEKEZINZ 724 8 ml ~
XY CIEHHBEL, KB pH 212l T8ml~FH > TIEMEHL, SMHEEEITE
ACHEF TEEL TAY /—NLT0.5ml 2 X AT v 7 LC HPLC i2ftL 72, EHEER
Lowry S # L THIEL 7.

HPLC ; JASCO 880—PU & HPLC ¥ A7 412 JASCO 875—UV #Higz %47, 350 nm
TVvF /4 FEERL?. #7403 Shiseido Capcell Pak Cis SG—120, 4.6 x 250 m/m #%
v, BT r=F) 1 %E’EEZ%T‘/%:WAﬂ(%‘HE: 8 © 2 (initial) » 7w + =}
D4y Tar/—n=6 "4 (second) ”i’ﬂ‘fi’é%l/—\ff?() min ¥ 100, 20 min %530
min (27T 0 &% ), 50 min i'C t=, 51min I2100ic ¥, ¥ERiZ1.1 ml/min,
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1. BFRosEht

7 v F/NBHEE RRase GIEIRIEFICAEETH ), HMEBEREZ 4 CICHEBERET 2 &
EHENNZ LA RbNDE, L) LTELWEEETORE: LE7e7F7—¥ick 3
%, SH EoBbrE 2 L a9, ®IEIZ TLCK, TPCK, vA_7FroiEick -1
7% <, %EIL GSH OEFEELES T O TEEOEREE 212w, XI2Ty MG
MHED -4 v T -15, 15-dioxygenase {EHZEMICERTH B Z oo =aF >
7 I F (NA) Xz NADH 2 2mM 28MT2Z 2z k- CEEET£230—60% 1812 %
ZEHTES (Table 1), ZoZ &iZ=3F> 7T 3 FED in vitro 12 BT 3 KBEREED

CEELER2TIZE2RTLDTHS.

. EWRIEEOMESD
1) NADH, GSH #E%E

Cofactor & LT NADH &GSH " RRase iGHIC BT T HE » AR, B
EEBED0.6mg/ml & & NADH & GSH #E 3215 mM o & EHREEEZRL 2.
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Table 1 In vitro stabilization of RRase actirity by nicotinamide compounds

Treatment of crude enzyme

Relative activity (%)

No (determination immediately after preparation)
No (after standing for 12 hrs at 4 C)

No (after dialysis to buffer® for 12 hrs at 4 C)
Addition of 1 mM GSH?

Addition of 1 mM GSH, 0.7 mM TPCK?»

Addition of 1 mM GSH, 0.7mM TPCK, 0.9mM TLCK?

Addition of 1 mM GSH, 2mM NA?

Addition of 1 mM GSH, 2mM NA, 2mM NADH?®
Addition of 1mM GSH NADH ©

Addition of 2mM NA?

100

o ~1 & DD WGl

12
66
43

“Homogenate buffer, 0.1 M phos. buff., pH 6. 3.

®Addition to homogenate buffer, and determination after standing for 12 hrs at 4 C.

Relative Activity (%)

120
Incubation Time (min)

Fig. 1 Effect of thiol reagents on RRase activity.
Retinal, 200 M ; NADH, 2 mM ; each thiol re-
agents, 2mM ; Protein, 0.53mg/ml. @ — @,
GSH+NADH ; @i—@, DTT+NADH ; a—a4,
ME+NADH ;| O—0, GSH+NADPH ; O—C,
GSH+2mM NA.

L7ehoT, MRETIE2mM T
T THd e L7, NADH 24t 2
72 NADPH i 2mM 2BwWwT
NADH 7 & 20iEHENF#I40% 2 7R
LizcZ &b, B X 70T
F k& LT NADPH 3#%T7%
w(Fig. 1), %, NA ZETY
BN X IVAF R EEBEES
5T LITHRZT W, bR
7 1#0i2 Fidge LVYN0FERE % FH
LTwas%s, NARZUH=25F
YT IFERREOEYYYX L
#9 ¥#° RRase D&tk %1l
TARRETTEMIL R
TH5,

GSH LIFtiz SH 8 LTo
%hi# % dithiothreitol (DTT), &
U* mercaptoethanol (ME) #H
W, 2mM BEICBWT
GSH, DTT, ME (2313 EE
BicERTH-72(Fig. 1). ¥ &
TAYLEMTH B Z L RS

NTBIY, INLFA—NEEIWTNLEHTHLZ b2 5.

2) i pH

DB ) T AR T2 Bl pH (26.3TH - 72 (Fig. 2).

3) Kal& Vi

RRase &N LT IR EEREE LA EHHIBED0.65 ng/ml M & & Vieel313.3 nmol/
hr/mg prot. TH 1), Knai283.3uM Tho72, Lizd-7T, EHVFF—LEBEIZ200 uM
YL7. 20k & BT 2 EEORENEL RUFNDEENDHPLC 7~ 77 A
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Y (Fig. 3).
3. MEFRUERNEE
RRase (3} ¥ 7 9—¥TH N, Ser, X3 His »° H* carrier ¥ L TE)VT v 20 REMED
# 2z 515D T, phenylmethanesulfonylfluoride (PMSF) & diethyl pyrocarbonate (DEP)
%3 HWT RRase BT AW 7T 3V BBEOEE~NEELHFEANE, £, 2BERKEY
ANz, #ER S Table 2 12/R9. PMSF
3G B R 5 2 o - 7255, DEP &
v W RS HIET R 70T, KBRS
HERBRICE ZF UV BEIESE L T
FEeEIRBEE N, 0.8 mM EDTA 2
& o TEBEIS6RIET LiznT, &84
T EHICE S L W B RS S 1),
AR ERED S B Tld Ca*t & Mg? i
IERAENC G F BE X T 2005,
ZOWBIIARBERIEEICHATHD LD
#EZ bbb,
4. F MANBHEMBICBIT AL TS
—ILRITT L EL
B &Lz g~ T bERL 2y
0 ) ) FF =iy F /BT E B LS
6.7 7.0 v F A BADBILR IR EIT 592
pH LHEL LD, AERETEERESE
Fig. 2 Effect of pH on RRase activity. THEN L 72V F LRI EUG I3/ ERE
iﬁ?a;}gf;r’f,hg.éigs/?ni_gincl\fbégﬁ?ﬁj BIC BT 5L F - LoRBO—EE R
120 min. TRBIZBEL, MgrEY 2 F—F

100 +

Relative Activity (%)

30 ¥
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E =Y
—
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§0min
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BHT pgﬂ_ ,;"-"

240min }\
4 12 ¥ v
0 LY
S =
0 ry i L S
60 120 180 240

Incubation Time (min)

Fig. 83 Time course of rat intestinal RRase.
Retinal, 370 «M ; GSH, 2 mM ; NADH, 2 mM ; protein, 0.78 mg/ml
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Table 2 Effect of some inhibitors and metal ions on rat intestine RRase activity

Inhibitor and metal ion Relative RRase activity (%)
no 100
0.8 mM PMSF 104
0.2 mM DEP 65
0.8mM EDTA 14
0.8 mM CaCl, 128
0.8mM EDTA+1.6 mM CaCl, 49
0.8 mM MgCl, 112
0.8 mM EDTA+1.6 mM MgCl, 38
0.8 mM MnCl, 111
0.8 mM CoCl, 36
0.8 mM MoCl, 12
0.8 mM FeCl, 0.8
0.8 mM ZnCl, 0.5
0.8 mM CuCl, 0.0

Table 3 Effect of NADH and NAD* on in vitro reduction and oxidation of retinal in rat
intestine crude extract

Pyridine Retinol Retinoic acid Retinal Yield of
nucleotide produced produced decreased products®
(n mol/hr) (n mol/hr) (n mol/hr) (%)
2mM NADH 49.5 1.3 136.8 37.0
2mM NAD+ 8.3 8.4 79.7 21.0
no?” 0.3 0.9 29.1 4.3

@ (Retinol prod. +Retinal prod.)/ (Retinal decreased) x 100.
®No nucleotide added.

FEAWEEAE ) P2 X 7LAF P E LT NADH 29T ULV 7/ — 2410 5%, NAD
BHIUIVF /A EBEPELZY NEREREY 2 24— FRIEEBEEEOE Y VX 7L
FFEDHBEEZ LNEP L, HEERZH W invitro 28113 g-HuoTFrdHENL F
F= DR EERTE I EREETEITUTE S %, 2 2T, RRase D pH, 6.3
I2BW T &% NADH i NAD 22 2R TRIGR ¥/ & EDEfM %R~/ (Table 3
& Fig. 4). NADH OHET T, $BOLVF / —LELBOLF /4 v BEEL, NAD
DEETTRVF /A VBOERES ML, 72, NADBESS LbELVF /A4 VB
ERELIERKL, VLB RS LT3 (Fig. 5) 45, FEERIC T b2 £ 5 cofactor
PIZORIGICHE L TWD I EHEL NS, RRE TR L 2B ERIHERR O
RRase EHRIEICE L 2 &G TEH 505, DL I TV F /4 P BERDBIRIEIE-> T
2720, BEICHMLMRIIBUEBERIACZERCI AT L%,

Z =

B a T 2 NERIRMIC B R RBRIC L) 20 TFOVFF— AT EL 50019,
VF15-15 PSDFES DN B D™ (5> & L BE) IO THERPSH T W v, ERL 7
U FF—IE 2D in vitro EBRICE VT min TH0% L ES LV F S — VEHRESZIT T
BH 5, /NEHE RRase DFELEED L FF—ILORTICH LI EEETRETLHLD
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Fig. 4 Effect of pyridinenucleotide (NADH,

Zrhb,

EERL b,

VA4 ERE
VI~ NDERIERTH D,
ZRL 2BEENIGOREEE» H D EBbNE, L, -0 T>%7 v b

RO &V F / — WA BBUTIE KT 5 2 &2 5%, MEHEIRIC

NAD*) on both reduction and oxida-
tion of retinal by rat intestinal
enzymes.

Retinal, 250 ¢M ; GSH, 2 mM ; NADH,
2mM ; NAD, 2mM : protein, 0.58 mg/
ml. (4), chromatogram of retinoids
extracted at pH 6.3. (B), chromatogram
of retinoids extracted at pH 2.0 after
(4) extraction. Curve 1, NADH-retinol
; 2, NAD*retinoic acid; 3, NAD*-
retinol ; 4 ,NADH-retinoic acid.
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& BEIEE Ca?tk Mgt
T Ca¥ & Mg ##Ez2 bbb, #95LT, Co?t,
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Retinol, Retinoic acid (nmol)
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BHEREY =3 —F2HWT in vitro T
RRase &M% BIET 5 &, HIGEHEOBFHED
ZLL, AR EY 22— BT RRase D
B2 REIFRZ B, TR C ooz,
B EEENIC = 7 I P NADH
EN=2F T I FFEEE 2mM Bl
ZADEBMTHBLI LR BN Bl
pH {34.3, cofactor & L T GSH #ZExR$
5 83T I Goodman 525 &L T 218
N T 575, GSH LIAnF+—nz3EL GSH
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EWERFE 55 55, Ca?t, Mg 0 ishn ¢t

I} 3

2 4 HOETLZ b, 2RI L
NAD*Concentration (mM) LTEREIN T A EEbILE, RRase D kn
Fig. 5 Effect of NAD* concentration on rat Ei383.3 M TH D, 200 uM Ll EDLV FF
intestinal enzyme activity. Retinal, — 2B CEBEELITS X120 min T
220 uM ; GSH, 2mM | protein, 0.24 _ TS -
mg/ml. Incubation time, 120 min. O— By FF—=nD4g A Lr@msnsg. oo
O, retinoic acid ; @—@, retinal. Z &, VFE—ILBIERIGA Y T L
AT KE BN THEZEE2RTILD
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