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bhbhld, BARKSES exopeptidase (22 THREFA#MA, % 5 (2 leucine enkephalin #4)8 O
EFERE L 1=, KSERIZHFEE T 5 exopeptidase @ 5 B, aminopeptidase (3, fMPIfEFESE aminopeptidase
CHLOMEEF L, enkephalin X IcE & L TS L TWS Z e»E A L htz. F71: dipeptidyl aminope-
ptidase Il (3, RXFRICHFETI»BELEEAOMEAHL TV S 2 e "B A, b F BARBKREICE,
radioimmunoassay (= & ) 387.7+191.8pg/lens @ leucine enkephalin #4)&E OEMEHARD 5 1, BHEEE
JRTFIF 74— %A T leucine enkephalin B E TH 2 = & #WBL 7=, 12, VLEEKREFCHL
T $388.51242.9pg/lens & FIFAFENFEHI RO b, BABOBE: NEFEOEEMIBL AL, -1,
LAL, AornEBFRA+FAL TV AAEMERTELRY, TORBFESHNRETHS, (HEB 91!
559—564, 1987)
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Abstract

We found that leucine-enkephalin like substances and enkephalin degrading exopeptidases are
present in the soluble fraction of human cataractous lens. Mean values of immunoreactive leucine
enkephalin were found to be 387+191.8pg/lens using high performance liquid chromatography and a
specific radioimmunoassay followed by a dialysis technique. An almost identical value of 388.51+242,
9pg/lens was obtained even in the monkey lens. Further studies of enkephalin levels in patients are
necessary to clarify the physiological significance of the levels of enkephalin and its degrading
enzymes in the lens. (Acta Soc Opthalmol Jpn 91: 559—564, 1987)
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4, McDonald" b 2 F N BEK SIS WT,
exopeptidase {EHEN LR T A E R HMICL, AN
EDFRRBIMIENDBEERD B D Tikicw b L~ T
Wa, bhbhil, B, MEHEK, X Omks L
T B4 A1 FIEA%EHET % enkephalin &, %
@ exopeptidase 7 £ E D L 5 A EAEEE Y B
LTWAMERL TR, 2 o¢, KiEho
exopeptidase 7% enkephalin {S#cBl 5+ 58ETH
%k, fli% @ enkephalin 7B EIHEHE > A
THETL, & 5 radioimmunoassay 2z X b, K
{4 73 HC enkephalin B E % R Lz T
HET 5.

II SRk

1. HEKSRE

MATFERIC X bR LA B P A 188 2 4
Uiz, W&EH L, BHNA, LH74, F#65.2+
12.25% (mean+S.D.) T, D fd THIBAKICH A
CRECEB LK, 4ETh-7, TR
i, A=24%A0 (5~108) X b LicKihE12
A, M KSR, 256mM Tris HCL buffer pH
TOTHELLE BRYT-%, 2, vA003FE
KL ERH L,

2. WBRE

enkephalin (LLF Enk) & exopeptidase D ¥E%LT,
1 K fafd 2472 H 1ml ©25mM Tris HCL buffer pH 7.0
# N % T homogenize L, 2,5000rpm204i#.L» L 7o,
L% #%25mM Tris HCL buffer pH 7.01c%f L4C T
#$\ T, over night TEH T, BF=—71
Visking Company #® seamless cellulose tubing
(size 20/32) # M\, FJBITHIZY ~ 7 1ml #1100
ml (i, BT EREIEC X b o &1 G EoRHCEE
ks, ThUTORSTHEE TELLY, ARHO
EEEL, Lowry 512 X D #939.5mg/ml TH -7z, L
LoOBETH ORI BENANRE T, &8 exopeptidase
DEERRE L, B WTE, 0 Aara
ODS-Q3#4 5 2L, » 7 2 &FTHBOEEK
T, 80% # £ / — AT Enk BRE R BH L1,
BHEEREZE L, BRRT-20CcKE ®A
radioimmunoassay, WO ERGE 27 v =+ 7 F
74 —ZBfTLI.

3. BEA—bFTHTTT 14—

HREEE 9% 5%

0.1mCi[H?*]Leu-Enk (New England Nuclear %)
#10ul, FEFTAHE20u], 250mM Tris HCL buffer pH
7.0 Wul Mz ot H,O 7 & & b0z THRESu &
L, 37CIc T304 FRIG & 230 %BEME10k] 2z TK
In# ikt LEORIGHERZ > ) 2y Lv7v—¢
(Mark 8 No. 5721) A4y b L, RBMBH, ==
A AR — 0 /FERR/A (45 130 161 TV/V) TR
15em BRI L7z, 7L — b IR X o IR KT %2,
5-diphenyloxazole/diethylether % # # " % L,
Kodak XS-1 7 4 A~ 2% H\ T —80C FT 2 BREREK
ST,

4, exopeptidase ;EMEIE

aminopeptidase #ll% 1M Tris HCL buffer pH
7.0 50pl, FEHAIH300k] 1= H,O SFHEME * n 2 46
B750ul & L, & A4 EH2mM  L-Alanin-g-Naph-
tylamide 25041 % 0 2 3075 il FUIE & 4 7= #%, Fast Gar-
net (Img/ml, SIGMA #8) 1,000.1 inz & 73045
WiE L7z, WE X HITACHI Spectrophotometer
Model 100-10%{# JH, 525nm TlE L7z,

— 7}, dipeptidyl aminopeptidase #I5 (}, aminope-
ptidase OFHEH|TH % Bestatin  10ug ZHIERIZ A
#i¥aminopeptidase OFE & PEER, 2mM Arg-Arg g
Naphthylamide % 250gl, 0.1M Tris-HCL buffer pH
9.0 500ul, # v 7 A150n] WK H,O #2002 THE&E
1,000u1 & L, ELF aminopeptidase & [@E#Eo K% H
WCIEHERIE 24T - 7,

5. radioimmunoassay % (LAF RIA)

BN H 7 4 7% ECHAREE L CE LB
# (FHUE1mg L) 120.068M borate buffer pH 8.6
100p] © % fi# L, ['**1I]Leu-Enk (New England
Nuclear #) # [££® buffer ©10,000cpm/100x] i= 7
WLt o® M, BHEECECD, v FLOER LA
LM 21, 0007% A B L T8 & o Hi Leu-Enk i
100x] &iEF, 4°CF over night THRIGE®l, £DOD
b, 1% ¢y 7 r 7Y 100, 30%H)=Fr vy
V2 —A-6000 500l 2200 %, +o i, 3,000rpm10
SRR, TOWEOMBEHE Y v ~h o v i —
(Packard #:% Auto-Gamma 800) % F . THIE L 7=,
Rk BEAIfE O Leu-Enk % H W CEEREMR A (ERL L,
¥ithkho Enk B E & HE L7,

6. BEEEI/ O & 57 4— (LLF HPLC)

MR T RBAB 0. 1%6FFR/ 7 & b = b ) 2(75/25
V/V) i L, pBondapak C-180 % 7 & (0.78 X
30cm) # v 7= HPLC (Waters Associates, 6000-A)
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THiE2ml/min, i THEEI, £ h L ho 582 FE
W L7-#, kEo RIA CTHIEL 7.,

I 5 S

VA FAEBA LSO T4 —TCHTA
&, KEETESE I Enk ¥ 98T 5 2880
peptidase 23\FE LA (K1), M1wmd X5, K
mA RS EPICEE PH]Leu-Enk # 0% % & [*H]
Tyrosine @ fragment 28 #ll £+, & 512 aminope-
ptidase @ [H % % & Bestatin % fn = % & Tyrosine-
Glycine @ fragment 7B h sz, LlEDZ & X b, K
S ETICIEnk O NSRS L b 1 &R 2581
% aminopeptidase, ¥ 0% 2 F B % 4%+ % dipe-
ptidyl aminopeptidase & “FEOBEENFLET 5 =
ENHER IR,

% Z T aminopeptidase Iz~ T, KEREEIEED
HrACTHEHLAE EL)., #FlemTLk51ig,
Actinonin, Amastatin =3 L TIEF <38 [HE G
#77L, &6 Bestatin, Puromycin 7 E126 LT %
BEETEM: %757 4%, Arphamenine €3, 7 FBHE LT
bbhhfhote, ThboZ tXbhKkffkdto
aminopeptidase |3, A @ Enk # 4 #f + % Mem-
brane-bound aminopeptidase® B {LOHE >4 0
THHZ ENTEE R,

1.Leu-Enk
2 Leu-Enk + Lens soluble fraction

3.Leu—Enk + Lens soluble fraction+ Bestatin

front

Tyr

Tyr-Gly

origin
1 2 3

1 Autoradiography of fragments from degrad-
ed enkephalin in human cataractous lens.
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%1 [Inhibitory effect of various peptides on the
aminopeptidase in lens

peptide (1.:g) inhibition (%)
Bestatin 56.8
Amastatin 90.9
Puromycin 54.5
Actinonin 100
Arphamenine (¢]

% 2 Inhibitory effect of various peptides on the
dipeptidyl aminopeptiase in lens

peptide (1.g) inhibition (%)
Leupeptin 0
Kyotorphin

Angiotensin IL 69
Actinonin 71

¥ 7c[F#kiC, Arg-Arg # Naphthylamide # k&
% dipeptidyl aminopeptidase III ®#:iz2uwnwT, %
BIAEWEY A TRFAET -2 (F2). T0FEE,
EXRHME I T B BB o dipeptidyl
aminopetidase I ic 5 W E &M » & T
Leupepcin®, BT Enk fR#IBSLT\5EE 2 b
T % Kyotorphin'®7g K1k L TERITH - 7o,
Actinonin % Angiotensin I IIFEEEM2ED Hh
. ThboFERL D, KéhfE+ dipeptidyl aminope-
ptidase (XRERE-CRARR D & Lk, HloMEELHTA
TTHEMEAE 2 b ide,

#U Leu-Enk Hifd & 2 E MR AR THHECOWT, ¢
b E B K S R O K Sk O RIS i h X b dhi
LRE Lo, BB T, F#4387.7+191.8pg/lens ®
Enk BEIAE TR TV (H2), Y AKSEECE -
ThREERIC, 388.5+242.9pg/lens & IZIF[A UH %5
L, WEEC Y ZERLEVGIED bR -7, &
bz oW EicowT HPLC THEHR L b 0%
FhZXh RIACTHIET 5 &, ¥ Leu-Enk & [F—
DEHEEICEEEE O C — 7 234 bh, Leu-Enk £
WETHHZ LRSI (R3), * 7% Met-
Enk & —F L BHRERIC /Dy -2 Aabh
fehs, bhbhofiH LA # Leu-Enk Hifkix, $10%
Met-Enk & & ZFEiE#* "3 2 & 55, Met-Enk #
WHOFETHHENLE LR,

Shiz, YLOLORKRL VEMLEEAZ VL E
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% Human Monkey

o | cataractous lens normal lens
n=18 n=12

387.7+£1918 388.5+2429
Values are meantSD

2 Values of leucine-enkephalin like immunor-
eactivity in lens

Lz L, B 2T\ EEO T Enk #40E > HIE
Lichy, TEHEEED bR, KiER O 02 Enk B4
EHFIEETHC LA R IR,

IV # %

MEEEWE L LT, Enk 236X b BEEE A TLL
F AR DA A FIERRETAMENESE
CHULWHERTEL, Chbdvda P27 24 Fig,
FOE#HO—RiT Leuw-Enk 301k, Met-Enk
LTwaEWIBERDD, it hbiy, AR
b L&A, M, EAE, ARV St o
Bx eBfrc i L, AREIEL A E D L 5 e ER
HER R LTV AERShTW3, BRIEZEWT
3B, IS S OFENREDLATWA, £
fo, AEAA KT 24 Vi EOESLYHAMTDELEE
% BHHA T\ 5 exopeptidase 73, KA O« fofili
T EhTtk b, ZOFETMCCERFHRO®E
T RE-HEEZRHD, ThEhoffiics T
Ba e BEE7F FORBEXB-oTWHEELDL
T3, McDonald (29, BAHEEKRAES D exope-
ptidase iz oW T HREAX B THE 2Nz, AR
BRI FOESA ERT A L, AR L OBME
WERRELTWA, FZThhbhit, b exope-

HERSEE 9% 55

Met-Enk Leu-Enk

| |

2,0
15
0,5 |
“"“f\—b/ l\
.,

10 20 30
Retention Time(min.)

Enkephalin like immunoreactivity(ng)

3 Eluction pattern on high performance liquid
chromatography of enkephalin like immunor-
eactivity in lens

ptidase 7% Enk fSHHcB S L T2 b oh, > ) h 4
LBBA—FFoArT57 4 —, SHEBEHICETHE
BMAEEWH THEREBER L, t0o—2ThH 5
aminopeptidase (%, ZOHE A <27 b Ahb, A X
hREWH Ehic Enk fRBIZBIE L Twab~7F 4 —
Y EEUOHERRLTE Y, Kébfhd Enk ©FH
CBR L T AAEMEHE < JRME & i, dipeptidyl
aminopeptidase (Z pH 9.0T Arg-Argf Naphth-
ylamide % %+ % = /5, dipeptidyl aminope-
ptidase Il It AEEh T BN, F 2T, B~ icfl
S A FTRE, Bz $s1% dipeptidyl aminope-
ptidase 11T & PR A H#E L € Zdz, + 5 LA @ dipe-
ptidyl aminopeptidase IIl #F/ATI L T 5 & Ebh b
Kyotorphin'®, I OMZHEA OEEFE SR L TIEF I <
FH % 2 773 Leupeptin® 7 &1 28 & hin - 7z,
—Jj Angiotensin III'®, & {2 aminopeptidase M @
FH 2= 48 Actinonin'® iz % L € 7K §h ¥4 # dipeptidyl
aminopeptidase III i, @\ HEEWARLI., 2F
DIhGIEENEXERT S Z Lick b KdhiEp
dipeptidy]l aminopeptidase (3, 4, P o#E &k
DR BHZ EDEZLRE,

Ebhi, Ktz Enk S EAHEEL TV 0
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RIA BECHat Lz, KB EFER ORAEFHET 5
kR, ETENCL VTR IIFU EOBHME
Hic EcmEhrEL, SowroBRMEY> ) »
7 0DS-Q34 7 A L, FHHEEEIC X Y Enk B4
HEBHLLY, ChboFHicl vBohigFic
PWTRIAZRTT 2 &, BANEKEGF S VT
387.7+191.8pg/lens @ #1 Leu-Enk & &£ G+ 7
THE RED BRI, EbiT, Zhbit HPLC o&H
BHflic X b LeuEnk SRE TH 5 = L R S hie,
F7, —MITH Met-Enk HitE(% Leu-Enk & (230EF
MR R E o5, #1 Leu-Enk HE13#910% 5 E Met-
Enk ERZEFERZRT I EAHBRTVL52, bhdb
HOFERL L7231 Leu-Enk #i 4, =212 b RREEDIEE
HEAED B TE D, HPLC £ Met-Enk D f£7ED
BHEE L bR®Eni, HPLC L v B bhtcEnb
HEWT % LK@ ICFET 5 &L Bbh b Met-Enk
HEHEORZ, Lew-Enk L3R LEIETHE LEL
bha, i, BEBE¥ERES BEI VBEEELL
TR X b (LU0, B&PA Enk BBEfR, B4
MehkaBEcET S, ToMCBACE IAERS
TENRFTICE bR, BAKRTICA bR S Enk 0%
Eleo e REM D DS, EHICH=ADEF L HHER
SNICHE~T 24 PP, BAE2E WI{bLizdo
EWSHRBD LY, SEBGEE Licr Akt
DEMZENR O ihofcz bl L b, K&tkdo
Enk -8 %, R4EFE A6 BELELLOLLE
Abhsd, Larl, BEOHMEEM T, 441
~7 24 FEEOFRRE (RIS, fBEER L]
BRI ODFERENLEnk 0O4BERICEST2HED
AR, AW tiEdhhTthsd, @ xickak
Enk tRH1Z, 4ie< &b AHEORRICIL, E#EH
ROGRD bhleh o e, MLIDEBRERLYETS
WML TOEL2 bR, FORHLESBORETH D,

ME#zsehicd, YAKBELRELTEHEE LL
ENL TR AR ORT, BEE RSB 2 =, E BEER
RS LT,
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