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Multi-Component Analysis of Human Lens Protein Particles
by Laser Scattering Spectroscopy
Tetsuya Haga, Yoshinao Majima
Department of Ophthalmology, Fujita Gakuen University School of Medicine
Eiji Yuasa
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L—Y—HELSAEE AV KSREEARTOZHS BT A E 472, 1. #19 CEHD polystyrene latex i
FREHMC TEMARRN £ A=, BIERER2sec. sample time 20usec. NEEHTIE, LR2um £ TOHF
FREHNAJETH -1z, 2. ERKKEEECSH T, FH50.021xm, 0.583um, 1.699m ? 3 A I2RFbh
fz. 3. JEAKSEEL T, Small particle & #4 & K &\ particle OEELAE O (BIELAELE) 2 & hin
e DR AEAD &, MBS ICHHEVCISEBISA B L 12, F 7260 LAL T, 2B mT 2 @R B 5 At
4. EFOUVCEFHRERFESE E EREOKSEL LB L 12/, BEAEIEERRUERE CEEUERRE
DAHANFREICKE, -1 (HEE 91 :481—486, 1987)

F—T—F . L—Y—#ESRE K&RtE &£EEHA, IDDM

Abstract

Laser scattering spectroscopy was employed to analyze human lenses. We examined age-related
changes of the lens nucleus, and compared the nucleus, anterior cortex and posterior cortex of insulin-
dependent diabetes mellitus (IDDM) patients with those of normal humans. 1. Polystyrene latex
particles were examined by multi-component analysis. The results show we can accurately measure
particle diameters up to 2.0zm. 2. By this method of analysis, lens proteins could be divided into three
groups of protein according to size-small, medium and large. 3. The ratio of scattered light intensity
of medium and large paticles versers small particles in the transparent lens increased exponentially
with age. 4. The scattered light intensity ratio of IDDM patients was larger than that of normal
humans in the nucleus and posterior cortex. We propose this technigue in order to decirpy the early
phase of cataract formation. (Acta Soc Ophthalmol Jpn 91 : 481—486, 1987)
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BAEROEOELETIRT Aok Av b
7o O, KaafERBERL hEmH L CERET
HHDTH -, T OBETHMER RSO
Ao, BHhAERGEMA ST 2R
BB, V- —-HESHEEE, EEHOKEL D
BEEMCEAH BT 2HHREBLRL V5 HTH
FlichtkThnr tErbRD, BROWCKEXHEH L
DI119754F Benedek, HHVT, gt e P ROTY > D
K tThbii, RPickuTid, 19804, 4,
EHESYIUEE e P BT 2 KGR AR B Ao
HRIToTW 55 19824, KR, BHkoYh e K
FIC B CTARBEIZ L ) B0 b EEFR Y i bR
HLIDOERHDE L DFEHHBBILN SE, B
D Letex B ¥ b U0 b F ARG EICRKETo %
WATL, RO Mkl rcfT, Bk HE RS
oD THWET B,

II [FE LS

. AERE . v—¥—HEltod s ¥ 2 ELLS
I % correlator = Tl % & BERAMHBIBA B 2315
biha, ZOREIHBBEE L v EFRFE ¢ R E 5,
Cor L HELCRTA TR TE MRS, K2 s
RO — B TNEBEORN TA/FELICEED
BB R A TR LT\ B, SO MITECl T
BROEELEE R 5, R cRBETAOR
Eﬁﬁ%h?&l- \l[IJ-lz)_

7 =1/2DKZ eivviinninn (1)
K=2asin(g/2)-+---- (2)
D=KT/6M£ ......... 03

. observation angle

. absolute temperature

: viscosity of water

: radius of protein
particle

K : Bortsman's constant 4
D : Diffusion coefficient i B
7
s

c (t)zﬁl1 Ai«exp (—Tit)
C (t) : RERTHIBI B
Ai t= 0o & F olFHAHBIBI#
Cioo i o BRI i ool B
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HiR$EEE 91% 4%
2% 1 Polystyrene latex particles
A ITml o filidy
1 0.038 gm 9.98x 1012
2 0.913 g 5.98x 10%
3 2.020 gm 4.50 x 107
4 2.950 ym 7.16x10%
®2 o %
i 6 ~T1ak
(T4 1209
it # 1408
& 3
IDDM
(Insulin-Dependent Normal
Diabetes Mellitus)
No. of Cases 67 19
No. of Eves 118 37
Mean Age 13.4 12.8
(year) S.D. 4.15 S0 3.26
2. &BE . = — 7 L ®WCLEAD-2000% H \» 7z,

CLEAD-2000T X, ik 99 ¥ CRVImRETH 5.

3. WER L LFO 3 0B AL,

FeBE 1 THEER & L T4 @ Polystyrene latex
R AW SR o R 2SR L 72, Latex FI
T LR L 4 Wi A Ml vy, BIRE S 1k Sample
time 200usec., 20usec., Scattering angle 140°, 5%
i

bk 2 ARTIT ARG e T, KA iRE AR
B KanEZ OB E(Lic> THET L, dHREE
R2IRTOEIBTEE COMMETH -1z,

HBR 3 MBS HEMEEIT R TR RIC BB A R
IRESEERE IR £ B A O BE, B BEEHI
FUWF OO LT, WHEFEFE I ITRL,
FAEMEBE R R & (140 Insulin - dependent Diabetes
Mellitus (IDDM) T & HEA FFiclc LD TH -
7o,

m #& %2

=R

(1) #% latex HI TH#iflic Sample time 20usec., 200
wsec. THPELOEI M L fo i A £ 4 12md, 20usec.
TUL, SHRTEICR W TRIETEE T & - 72 23200 sec.
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F4 R 7o, 0.038em+2.95um DR AHEN I L TRIE
Sample time 20 gsec. THETH -7,
Latex i1 g fie S.D. TEE D
0.038 m 0.0402 ym 0.0057 (1) & 7140/ o 7K dh ik 0 SE AR 51 % 5L 55 ff A
‘jﬁ;;#"‘ gﬁg:ﬁ:#m 3???3 FeH T Small, Middle, Large o 3 5 512 51
L um 0500 gm 173 X ok o
2.950 gm 3.0000 gm 0.2562 bhi. &8 (’i%—*j’l?@éﬁkﬁ@'étﬁﬁﬁﬁ?ﬂ<?
(2) # 41X, Small particle 2MBIFLFERITRD 5
Sample time 200 gsec. hicfesd, Small particle O#ELRE Yo/ E L, £
Latex 1% s ¥ i S.D. hibhREeNFoREMErSTFLTohE sz
0.038 um 5 A hE — L X b 7, Small particle o 44 % &0 5 FEEE
0 A3 0. E58ll s 0.0390 EfemlEx e, (LTHESRELLBPR3E, X
2.020 gm 1.9476 g 0.1609
2.950 ym 2.8944 ym 0.3234
w7 WTREOEMRPIDLGEE © um)
®5 MR Age Sall Particle | Middle Particle | Large Particle
Temperature 36°C  Total run time 2.0sec. 0— 9 . 00190 . .0.550 1.718
Viscosity 0.7085 Sample time 20 usec. n=ly] GO INEE | bl Geh | G Ll
Scattering angle  140° 10—19 0.0188 0.487 1.847
n=43 | (5.D. 0.0039) (S.D. 0.234) (S.D. 0.527)
FEE < 20—29 0.0150 0.635 1.792
n=14 | (8.D. 0.0053) (S.D. 0.184) (S.D. 0.452)
1. 0.038,m+0.91,m  ShOREHE P 016 CEE e
2. 0.038m+2.02gm W REOE Al n=i1| (SD.0.0073) | (SD.0.215 | (S.D.0.526)
3. 0.038um+2.95m SR ORGSR
40—49 0.021 0.728 1.912
n=16 | (S.D. 0.0043) (S.D. 0.256) (S.D. 0.513)
= 50—59 0.0170 0.735 1.764
RO LN n=23 | (S.D. 0.0057) (S.D. 0.179) (S.D. 0.098)
J. 0.038,m+0.91um 60—69 | 0.018 0652 e
" B AL n=20 | (5.D. 0.0088) (S.D. 0.186) (S.D. 0.627)
By S.D. o # S.D.
small particle | 0.039m | 0.0065| 25.9% | 2.283 ® 8
large particle | 0.824pm | 0.1090 | 73.8% | 2.044 OB 8
2. 0.038 um+2.02xm Small particle 99.29% (139/140)
= ~ s Middle particle 91.43% (128/140)
W F B e Gl s Large particle 67.87% ( 95/140)
SEOB S.D. DI ) S.D.
small particle | 0.046m [ 0.0122 | 41.5% 7.849 .
large particle | 1.600xm | 0.3433 | 55.4% | 8.514 (#) sl Laings
ratio
3, 0.038m+2.95um :
BISEARE .
TR DSV TOHMATETS - 12, i "
(2) 2 M8 latex BT EA L5k & k100 e
WE L, R5ic, MERMELBAELLHTFOMED ———— b
. i - 0+ RUTIRCI T .
HETT. RO EREAOEN SR TH S, ; ; S B S
0.038xm+0.91m @ & & 5 K B 00.038xm+2.02 10 20 30 40 50 60 70 age

pm OREREFHC BT, 2 ESICRITTEETH -

3 L O REAT LR ORTOBELIGHEE L
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Wi, YincHELEEL Y LoD TH D, 60
BT EAEY b EELEE IRl T B,
B4R Yarsiis LicboT, ERAHEmL T
5T Edvbinh, 2F b EELSHE RSB Hrnic 1Y
MUTWAEER Lo, K5 XENCFER, Y
MELBE Y L b O TH B, Small particle iZhnfEs
& & biiEd L, Middle particle (3 F—EfE%x &
9, Large particle {3hntis & & b icmML TW5Z &
pibin b, HELEER O L.

HIE&E 9% 4%

% 9 Ratio of scattered light intensity
(middle +large/small)

FHEPEREIR IE W & t-test
mean (S.D.) mean (5.D.) P value
Ant. & 5 . .
Comiex | 2-960 (1.491) | 2.956 (1.378) | NS
Nucl. 1.792 €0.907) 1.362 (0.407) <0.01

dost. | 2.798 (1.469

2.192 (0.897) <0.05

K3

F 9 X EEMBEIRRE L IEHEOMBE, & BE
HoMEMELOFRL R L, BEOEBEEICR
T, FEMEEREE O SRS R L HELHE
PEBIKEVERTH- .

IV %

L —F —HEL G Yot v o b P KaiEE R
FomozticlT a®ExbiiL v 254, hb
O E T sample time # & 2, 2 BIEHAIZ T - TL
%, 26 FHICEIERCHE ML 2EE TS Z L E
MTHB LY EHCA—TMNELTLADEWHAT
LEBIESEE L, v =¥ —#d@l o ot Te,
sample time Z% { Thi¥, DEVRTEITBIOBE
PEEL, L ThiE, AR TREIFORE T,
PTFERAHoBELET &V 5 5T, NEREBYRE
TAHzLbELZLRSY, BREREREZEET
TR TCH B HrxER IRV THAD
polystyrene latex FIF# H\, 1 BIFH &R 274
HOH—f FEHC LT, sample time 20usec T,
0.038um #>52.95um ¥ CTH o cEEcRIETRE T
B oo, BARE OSSR RICoVTE, 0.038
pm—+2.02pm OFE S IR TH 7o pd, 2.02¢m
OF T 6um, BEERFE0.3433E S CHE S h
=, Thit, 2va—2 -0y 7 bkBWT,
Feik b, FER#EE RS L ARG B IET
5 HMT, crrelator AORED 8 F+ v R AT %
baseline & LTHEALTWADT, BFD8 F+ v 3
A% base line DEMK DT & LTELFVTWA, 20
fedb/ N ELHBEEAREEZBGRD, Eh, BL/IX
u0.038um ORGSR EFRHEIATVS, Zh
AN EWRIT ERE VR TOEDKE WGE LM T
i CilE & hoc BB B B ih i, &) 2 iR
g, fit SEERTEYEHE T, BE02E
MEF/MCT A HACEHE SR, DpEVRTFR, EF
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KEL HEIhIc® EE L R, F1:, base line
i _Eo base line # U o3&, & D EE )
S fe-ro, ZToREGEREZMBUTHEME CHEL
B, 77 07 ANTORFNIEF A ABLL
BRSBTS » 7o, LN OKESETIE, Zokkink
S A b hiow, - THEERICE, sample time
20psec T 1 [BIGHMT X SR FEEO ERIZ20m FRE &£
Lz b,

gz, 140M oK SR D SR 7 TR a L s &,
small particle (30.0207¢m, middle particle 0.5832
pm, large particle 1.6991um THh -tz LA B¥D
X#AfELBic L s e F K@E0lREICL 2 & a-
crystallin fraction ® [*#£1340~70 A High Molecu-
lar Weight Protein'? (HMW) fraction 2%
250~500A T, EFRCERETS L, % 40.008~0.014
pm, 0.05~0.1gm TH %, So1F % HHE L 72 small
particle (X a-crystallin IS4+ 5 £ F 2 Hh, 1K
Lo Lic HMW OR-FIEillE © &t - fo, Bl
fEii% small particle TRFETRKELLME ST B
2, ik, in vivo, in vitro & s 5 HIE S R O
TEHEDEC LD LD THAI EELLRDB, T
Kb T s 1) % MORLARAE Fovx hntid & & b R 3B
AR L fo, BCELTEEE L ElR L OBIGRAY RS &
small particle BELIREE (XIS & & & 124 L large
particle BELIGEE (I INL T3, S0 = Lk, small
particle (infs & CHixEICEA LTV Bk R R L
T\ %, HMW ohnn & 35 iim L © < 2 R st &N
DT AT 274 FOLEEBREFRE a-clystallin £ 5
bR TWAY, #iZ small particle= a-crystallin &1
% &, small particle (hnfis & il Lt 5o T
Pz s ds SRR & e,

HEMERKRE L EREoKAECHWC £0
%« OMELEE R BT 2 L R OB E ISV T
HEMERFEO VR ECERALBAL, oz s
EHEREIRISE TREROBEEC R W URAECH
LADRENREECDH I LA I WD, FETE
AMEOAREO L8 tEo 1 - & LT Nat/K*
ratio 245 & &£ 1%, Duncan'®, 'Y, $8Hk5SIC
Lo T &h, Zo Nat/K* ratio ks Eo 13
DR A RY parameter TH B EE 2 LI T\ 5,
i S 93OK AR D Nat /K ratio 2 L,
METLVBRETOHPKELZ EXHEL T A,
F1o, BRE B2 Tt o Nat/K*, glucose, ATP
ZHIE T 5 & AR EEMT O glucose X 0° ATP (21

v —F — L R o e PR G EEER AR O S SR - R
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DFHEOAhD 7 7 LY EWEERLEL
b, BM¥TE, hbo=irF—2FHLiERHY
FHEfT- T DTV EE-TvD, kD
IO, BT, ROKRAWREE Y LESHICE
MEPOERITOTREVWHEEZLRE, ZOZ &
IO BEERBE T, BEE, ZickeT, &b
PLHEABOFEUN O E B2 SRER B H~#ELE
ErAEL T B5DTEVEE LT,

vV B B

1. BE#1o polystyrene latex B8 & alkho T %0
M A i Ate, IERF2sec. sample time 20usec.
D&M, ER2pm ¥ TR TEAESTIETH-
7=,

2. EHKahERE AR, F50.021m, 0.583
pm, 1.699xm @ 3 g bhte,

3. EWASMERT, Small particle & FiL L h A Z
- particle O EELGEEE O b (BELBEEELL) # & b Inis
L DRIFRE LD &, i TR BB Bryic i in L7z,
TA60ELL BT, ST A M AR bk,

4, BRBORGESRBERRE L EF G0 KGEEE
eEE U AT, BOELIE R O TS R R
HEDHIERBCAKEh T,

AREE T I KB EESR T 2um LR T
‘oicEETETRE TS EEL LRI, Thr—
¥ —HEL T KR R BB A S i BT
in vivo K CEBRFELE LB LD ENARTEH
HicgEEths LEz bR,

X #
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