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FIGURE 1 Departure of mean global temperatures from their 1951 to 1980 Period mean value
for individual years (dots connected with dashed lines) and for 5-year running mean values
(solid curve). Error estimates for both individual and running mean values are shown for selected
years. Period of record is 1880 through 1987.
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Luteinizing hormone / choriogonadotropin receptor ?;aamé

Purification and partial characterization of rat ovarian
luteinizing hormone / human choriogonadotropin receptor

Abstract

Rat ovarian luteinizing hormone / human choriogoandotropin receptor was purified
to near homogeneity by one-step affinity column chromatohraphy using CNBr-activated Sepharose
4B coupled with‘ highly purified hCG. A chaotic agent, urea (1 M), was used in the column buffer.
The purified LH/hCG-R showed high specificity and high binding ability to hCG, binding activity
of 2.85 pmol, specific activity of 1425 pmol/mg protein. The binding activity of the receptor was
hihgly recovered, 88% of Triton X-100 soluble receptor extract. That suggests that urea at 1M
does not alter the receptor binding activity to its ligand.

The affirity purifed LH/hCG receptor existed as a monomer of M 64,000 dalton
(non-reduced) or M 83,000 dalton (reduced) analyzed by SDS-polyacrylamide gelrelectrophoresis,
silver staining, affinirty cross-linking, and autoradiography, suggesting that the receptor contains

intramolecular disulphide linkages.

" AR TINEN ANEANENANART NMNIVENRETeULNY
? Department of Physiology and Biophysics,

University of Nebraska Medical Center, Omaha, Nebraska, U.S.A.
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Undntia

Luteinizing hormone / human choriogonadotropin receptor ’i’ﬁﬂf}'\ﬂﬂi"ﬂ@d?ﬁuﬁ (rat)
gntmﬂ'lﬁu‘ﬁ‘@gwé@fngﬂm Affinity colum chromatography A3ttt ua=laelld CNBr-activated
Sepharose 4B il hCG fafin TunszuaunnsilalY e 75 1M Urea iludoutlsznay
LH/hCG-R U3gnE uamepuanilunsvinlfnietednegaiu nee natofell manu
LWIZIANZAI0I8 hCG X binding activity 2.85 pmol & specific activity 1425 pmol/mg protein WA
activity NALIAY 88% AN Triton X-100 soluble receptor extract %1%%% urea ﬁmmn’fu{m
1M M.ﬂ?%auuﬂmqmmmﬁmﬁemﬁ%a LH/hCGR wiethdle wasAdildmnunsouen
LH/hCG-R protein TLFAMBLAT 2 ug /ovary LH/hCGR Uusmatinuinluanailsanguas
FUPME (M ) 64,000 dalton (non-reduced) #38 83,000 dalton (reduced) tila AuAs1z gt sDs-
polyacrylanr\ide, Silver staining, Affinity cross-linking &2 Autoradiography WAAIIN LH/hCG-R
Uszneusaumiaafenfid disulphide linkages nelulazeaiezeduana

A

Luteinizing hormone (LH) L% analoque 184 LH %Qﬁ@ human chorionic gonadotropin
(hCG) Lﬂu glycoprotein hormone 'v'i’mumuanmﬂﬁﬂm@q%ﬂﬂuaﬂﬁi (ovary and ovum)
Tmaﬁwﬂﬁn‘?mﬁu receptor LANNE %;ﬂu plasma membrane 18 ovarian cells WAQ receptor
adiﬂf}ﬂ“}ﬂ’lﬁUﬁ‘:UU adenylate cyclase WA guanosine nucleoside - binding regulatory proteins
YR G-proteins® ? el utas LL@:‘lu“?.\'sgmﬁﬂﬁﬂﬂ’\wﬁﬁmyciic adenosine monophosphate
(cAMP) Tevinminfidu ansAeansTiaes (second messenger) duiunaliizasgiaan
ANNNITArLANYesaes iy NalnTsALTIANATEWIN receptor U G-proteins E9la]

NZWYN Luteinizing hormone receptor (LH-R) 'lﬁu‘s‘@w'é‘ﬁ'au%amn NI
receptor luFltiUFn0ulatan (low abundance) uas lulagldtan wss suiAdng (unsta-
ble) WiRgOAt receptor binding activity athannluszuinafumaunis iy receptor
Wuveaman (solubilization) n’mmﬂ'}.ﬁu‘éqwg (purification) URE NM9LAL** N9l 20-30%
Glycerol®” Anunzndanudiloymitléthe LH/hcaR 189Uy (rat) gn&.mn’l,ﬁu‘éegw‘é‘é’w‘i%
Affinity chromatography 2 ﬂ%«iﬁi@ﬁ@ﬁﬁu (two sequential Cycles> ?'\ﬂd’\ud'}ﬁlﬁ’mﬁﬂm@ﬂﬂ
ﬂmﬂgLLa"ﬁmW“ﬂﬁ' (apparent, relative molecular weight - ) BYTZUIN M 46,000-92,000""
(uuqmﬁu dalton) dfm LH/hCGR ﬂ@aim(porunemgsvuw M 45 000-68, ooo AT receptor
‘VlLLEJﬂU’;‘QVIﬁL’Mﬂ’muu Hormone binding activity FINg 1 nu
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LH/hCG-R AAT1=UIAL Covalent cross - linking 9849 hormone-receptor complex
$189NUNNH M 90,000-100,000 Lm:LfJu‘iumqaﬁﬁumwﬁwd@u (oligomer) 221314
M 32,000-120000 " Farfusnoi (characteristrics) 189 LH/hCG-R Asflumnsinariuey)
ﬁfﬁﬁué’qLwiL‘§@ulﬂm:%‘ﬁ’?ﬁwmﬁﬁmwim:mg'u

hmmmuﬁé‘%ﬂlﬁﬁﬁmmﬂn rat ovarian luteinizing hormone / human
choriogonadotropin receptoﬂﬁ‘l.f?‘?iﬂgﬂﬁ'\\lgﬂmﬂaﬁ Atlfinity column chromatography Lﬁmm:eﬁm
(one step) AN Triton X-100 soluble receptor extract WA= 14 hCG U ligand Fafuaaaly
ﬂé’ﬁﬂge@'\mmﬁm%nﬁmmﬁu Affinity column chromatography ﬂ@dﬂ%@ (two sequential
steps) LL@:Lﬂuﬂ’]?LLHﬂ LH/hCG-R 'Lﬁu?zgﬂﬁmu Affinity column chromatography ‘7!11‘3’ Urea
(1 M) Fuflu Chaotropic agent ludaulsznetlu Tiwas il Triton X-100 W&s CHAPS

A ] [ £33 4 d‘d
Taflu Non-ionic detergent agfine  uRAENAINATILENLA receptor LFGMBFINT Hormon

UFnnuganingnsag

fninanasuarisgainsal

Wi (rat) - m;mqmvﬁuq‘ Spraque-Dawley (Charles River CD strain) (WALl
fzﬂq 23 U ’-ﬁﬁ Charles River Breeding Laboratories, Wilmington, MA, U.S.A.

gaslau (hormones) : ﬂ@s“iuuu?qﬂ‘é‘qq - hCG (CR 121, CR 125), hFSH (I-3),
hTSH (I-6) uas rPRL (1) Hs"umwuwmm:ﬁmn The National Hormone and Pituitary
Program, Baltimore, MD. Gestyl (PMSG) TN Diosynth, Chicago, Il. Prgnyl {hCG) T8RN
Organon, West Orange, NJ. 17 B-estradiol W& crude hCG %@"i’m Sigma Chemical Company, ST,
Louise, MO.

lodination reabents: [ 1] sodium iodide, carrier free 1N Amersham, Chicago, IL
lodo-Bead RN Pierce, Rockford, IL. Lactoperoxidase (’i’m bovine milk) %‘M’m Worthington,
Freehold, NJ.

Gels : Cyanogen bromide-activated Sepharose 4B LR~ Concanavalin A-Spharose
4B 1N Pharmacia, Piscataway, NJ. Sephadex-G 25 WA -G 50 /31N Sigma, ST. Louise, MO.

Electrophoretic reagents : Acrylamide, Bis-acrylamide, Sucrose, Tris-base, SDS,
Glycine, TEMED, B-mercaptoethanol {l&< Silver stain kit 91N Bio-Rad Laboratories, Richmond,
CA. Ammonium persulphate, Coomassie brilliant blue R-250, Bromopgeno! biue 1N Sigma, ST.
Louise, MO. WA Silver standard kit 37N Diversified Biotech, Newton Centre, MA.
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Protein assay reagents : Protein assay dye reagent concentrate 31N Bio-Rad
Laboratories, Richmond, CA. Aurodye R1N Hoelffer Scientific Instruments, San Fancisco, CA.

Chemical %u - Glycerol, Polyethylene glycol, MW 8,000, Soybean trypsin inhibitor,
Triton X-100, CHAPS, PMSF, EDTA, BSA Uac ﬂﬂﬂﬂﬁgu 1 %QL@U American Chemical Society
grade RN Sigma, ST. Louise, MO. Glutaraldehyde /7N Aldrich Chemical Conpany, Inc.,
Milwaukee, WL

X-ray film . Kodak XAR-5 film /10 Eastman Kodak, Rochester, NY.

IEmanaans

Superovaulation : W19 Spraque-Dawley IWWAY 81¢) 23 JU QnAAlAMITS
Anin (Subcutaneous injection) mu%%?ilﬁﬂa*uﬂgqmnﬁ%mm Richards and Rolfes” Mt
hormones FNNANFLFAT] (1) 2 mg 189 17 B -estradiol Bl 1HWIaN 2 AU (2) 50 U 189
Gestyl (PMSG)  (3) 65 T3 AANYEAAIY 25 1U 184 Pregnyl (hCG) URE 7 SureA sy
Hsauazuaniald (ovary) gananilaifielfinfuatnazansa LLé’QLn{Lﬁmumm"ﬁmﬁ@‘fg
169 dry ice-acetone LL@:LﬁuﬁHLL'ﬁL@a%mugﬁ -70°C AuNImaInsle

m‘sm%'yu Membrane WHE Soluble Receptor Exiract : Luteinizing hormone
receptor extractFINANARTILAIS VU593 N75 89 Wimalasena’ FAUUUERT Lmﬂma@gﬁﬁeif
ﬁmﬁ*@hil,ﬁu%mﬁn y 14 10 mM Tris butfer, pH7.4 171 4°C UAZT 25% glycerol, 0.1 mg/mi soybean
trypsin inhibitor &= 1 miM PMSF Lﬁuﬂ’luﬂ?:ﬂﬂﬁ WAL glass/glass homogenizer Tu
vnuda 14 Homogenate (P‘) fu homogenate 7 480 x g 4°C 1981 10 U1% LEngaunan
(supernatant) 8ANANNAZNAU (pellet, PQ) 'ﬁu supernatant %ﬂﬂ%&"?’.} 48,000 x g L9817 1 1l
fndalauireududhuudaumaiiaoiudna wan supernatant (P ) 88N3N pellet FeRa
Crude membrane (P ) #NA LH-R 31N P Faunirumaehaties 35 AFILY 0.33 mi Tris 1% Triton
X100 (w/v), 20% glycerol WRZ 1.7 mM EDTA, pH 7.4 mrmmmu@mmﬂ) 7 4% udatiy
mwmimuw 4°C 1987 45 UH ANTTUT AR89 10 7 A8 10 mM Tris/25 % glycerol,
pH 7.4 75 5mM EDTA, pH 7.4 WARZ 0.1 mg/ml trypsin inhibitor (mwmmu@mmg) 1t
Extracted membrane (P3> ﬁu Prﬁ' 177,000 x g, 4°C 1981 1.5 14 n supernatant "ﬁ\‘iﬁ@ Soluble
receptor extract (S) WA pellet(PS) 0 (assay) W1 LH/hCGR binding activity %aﬁ%&imnm‘?’u
(fraction) nens Radioligand-receptor binding assay

Radicligand-receptor binding assay : QLG\EI‘L‘B} 1 labeled hCG Lﬁu ligand WA
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uqmﬂ;‘jn‘%m’tu assay I;}/’JEJ NIANMENSU hCGreceptor complex 9‘{’3217’3%‘ Double polyethylene
glycol (PEG) precepitation method MIAYNMANTUAAYNH Y8 PEG T 12 % AeadunelSlme cat®
wadn 7 5”@%5@{1 Autommatic gamma counter gauns assay U7 non-specific binding ‘Hf

s

unlabeled hCG UFanmuiimmAunalumsunaudety  ™Habeled hCG Uas dmlFunn
Wshumeifves Bradiord”

Radiciodonation 983 Human choriogenadotropin hormone (hCG): ['2511 lodo-hCG
wiztlag Lactoperoxidase method 484 thorell W% Johnasson 2 WEINAAN unbound [*1] lodide
1t Gel filtration ﬁ')ﬂﬂ"l?f«f”m Sephadex-G 25 column NIUWRITIN fractions ﬁmmmu
WADLEN mi-hCGlﬁU?ﬁVlgﬁfmmﬁﬂj’m Concanavalin A-Sepharose 4B column faasunelalae
Indrapichate® $94 fractions %’%mmmu LAITIN Dialysis FNU PBS (phosphate-buffered sa!ine)
71 4°C $20fu fiu™rnce Wudawiin 7 (aliquot) Fmnzanuinsldlsa 7o specifi

125

activity 189 FhCG SnnmnaiaTiesunelilay cai ® 180 Specific activity Bgj7EUdN
200,000-300,000 cpm/ng protein

Radioiodination Y89 LH/hCG receptor: LH/hCG-R u‘%zgw‘éﬂwmm‘%an [l lodo
LH-R #98n1514 lodo-Beads mnadETiasunelilnn Pierces bulletin UAZLENSAN unbound [
lodide ANtl Sephadex G-50 colurmn WAL ™1 -LH/RCGR WU aliquot TuMEALAT -70°C

ﬂ?im%?_l&l hCG-affinity Sepharose gel : hCG-affinity Sepharose gel TR
1ntiNng Coupling hCG, CR 125 (U?zgw‘ﬁ‘faehazgq) WU CNBr-activated Sepharose 48 N
75999 Pharmacia's bulletin LA @3 U1elA 198 Wimalasena’ N5 coupling 183 hCG U CNBr-
activated Sepharose \IALTZNANL 80-90% &nuFunsle hCG-affinity gel TWME9RINNAS
1infareu Fesdne gel adnannmeeiundlslag ndrapichate RarsrlsiuTions
wiennAaaglu gel

Affinity column chromatography © NNFULEN LH/hCG receptor ‘lﬁu?zgwﬁﬂﬂ%%
Affmtty purification laeld 5-8 ml 204 soluble receptor extract (S) mmmu hCG - Sepharose
gel mmummsmm\mm UA2LINA NI FULLY end-to-end shaking wqmugwm 198N
6 13, ANTUM gel HaNadlY glass column (mumgummq 15 mu)luqmuwwm’[vm
(chromatographic refrigerator) LLﬂmnm UAUNIRBRINTENTENT 4% auaiadu Vil
RIS T INTRRS receptor \iia gel anmznauLa sl Ut avaslvatituaen
waztiulAu Flow through fraction wazlindu fraction ﬁ 1 819 gel'lu column lalJasInda 300
mi Y83 Wash buffer “ﬁdﬂ?:ﬂ@‘ué{')ﬂ 10 mM Na-PO4 buffer, pH 7.4, 1 M NaCl, 0.03 % Triton X-
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100 (w/v), 5 mM CHAPS, 1 M Urea URE 25% glycerol uastfiulAiilu fraction 1 2 aantfuuen
receptor At Elution buffer TiNAaUL7 NaLWTIaUAL Wash butfer witFillsiiu pH 4.0 patl
Acetic acid Lﬁlj Acid-eluted receptor fraction aclszunnd 6-6.5 ml LLﬂ:ﬁuﬁﬁ'lﬁLmlﬂ: fraction
U1 pHatasama T iU pH7.4 B2t 3M Tris-base, pH .4 TR NE AN MEITNT TR
receptor AV hormone binding activity UBIUFIRT fraction Lot Radioligand-receptor binding™
uaz vFunnulusiiu InedFaes stoscheck? 314 Aurodye (colloidal gold dye) WL fraction
FavasldT -70°C aunddaanasle MEVRITNANNTIN activity LA T3 Acid-eluted fractions
7T LH/hca - R gegainmuii wivhaetraunsdaulu@inen Displacement equilibrium
UNAIUYIN Dialysis SN 1 mM Tris, pH 7.4 33704 200 111 7 4°C uazifaeu dialysis buffer
WAIEATY AnTusinedhdliuidag Lyophiization L&AMivhetdiiutaamaaRy
fatl PBS UNgautewnetaiuilinlvin Radioiodination AaNan9inei uazRn SDs-
polyacrylamide gel electrophoresis WA Autoradiography

Sodium dedecyl sulphate polyacrylamide gel electrophoresis - SDS-PAGE 1oel
1990 Mighty Small I, SE 250 989 Hoefier WaZl¥72UL Laemmiis system®™ ﬁ1ﬁﬂ§uﬂg‘u§n
Vaelag 1A 2.5 M Sucrose® Tuiiia gel fiaxl gel 2 357 (1) Siver staining ANNIZUAL Merril™
L*fv'@‘f‘:l,ﬂm:ﬁmﬁwﬁnML@Qmm:mmu&’zgwﬁm LH/hCG-R (2) Coomassie blue staining
Aaaiunelng Hoeffers bulletin WAINALMLNUUWAUNTEANENBY 3 MM 189 Whatman
L*?Q@Lﬁmﬂui@g@iunm‘l‘f‘nm'x:ﬁm Liabeled LH/RCH - R ¥1n Autoradiography 984 gel 7
-70°C 1281 3-7 TU

Displacement equilibrium study : 19 0-50 ng ﬁmaﬂﬁuu?}u?qwgqa "ﬁﬂﬁm’
hCG (CR 121), hFSH (I-3), rTSH {I-2) UAZ rPRL (1 -1) LNTLFMALNT affinity purified LH/hCG-
R WAz ™1hCG ﬁqmuqﬁﬁm TwAn usvegpUniundaunisanaznau PHabeled hor-
mone-receptor complex Aatl Double PEG precipitation Wauns e percent labeled hormone
bound M@ natural log 984 unlabeled hormones ﬁ'li'lu assay

Covalent cross-linking 984 Radiolabeled hCG ﬁli LH receptor ; TR

Radiolabeled hCG recepto r complex 1'%@1410\5]1';1’ ovarian homogenate <P1) ﬁﬁﬂﬁﬂ?ﬂ’\ﬁﬂ
|-hCG URIUELN complex ANt Double PEG precipitation AXANEASNAUAIE 0.2 % Triton X-
100 Tu PBs TuladFanm 100 ul .N1TuRn Cross-linking 1neiFist 2.0 M Glutaraldehyde®
(Pdindiugaing) Tu 200 o Aiqraugiisies 1981 1 1. g nTendnanisidu 5o m
v e 1% o s v ] .
Tris buffer (AMINTUgANNE) AnTrzvirallmnae SDS - PAGE nellaidaula non - reducing
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WRZ autoradiography ¥ -70°C 13@1 10-14 U

Hamanegad
Purification Y849 LH/hCG receptor :

LH/hCG receptor 184wy (rat) gmmn’tﬁn‘%qﬂ‘gwwﬂ Triton X-100 extracted
membrane ﬂi@@?ﬁlﬁiﬁﬂﬁ receptor TR N0 N Hormone binding activity WaZ mmm‘?}
(stability) 19194 sl wansaza8 10 m Tris/25 % glycerol, pH7.4 ?ifqmw;ﬁ seciiunanunui
24 T3. LUNTIRTHN extract 984 LH/hC Greceptor 11 19 1% Triton X-100 (w/v)", 20 % glycerol,
0.33 mM Tris, 1.7 mM EDTA (Panaudindiugaving) ilassnnuanianaaeadiusuilsinin receptor
activity gaqw’lwf@wlwﬁy LAz L receptor 131AUAUMANER BT -70°C 1157971 1449 receptor
activity AnFat1adus 471 100 ovaries Triton X-100 @417 OLEIN receptor THLIHA (yield)
184 hCG binding activity ’Qdﬂ;ﬁﬁd 102 % ‘lu%‘u extracted membrane (P ) WRZ 83 % ‘lmfu

4
3

soluble receptor extract (S)

Iﬂ’?ﬂ\ﬁ] 1Fauiiay LH/hCG receptor binding activity ) [1] lodo hCG Homogenate, Mem-
brane WA Soluble extract FFEINATN Rat superovulated ovaries laeREsdlu ‘Methods* 18
#{A/3N 100 ovaries

125 I-hcg binding ®

Preparation Protein ° Activity Specific activity Yield

"""""""""""""" mg pmol  pmolmg %

Homogenate (P ) 3 3.88 125 100

Membranes (P) 2.48 3.98 1.60 103 (100)

Soluble extract (S) 154 3.24 2.m 83 (81)
[100]

Purified receptor (C) 0.002 2.85 1425 73 (71)
[88]

* Im’n Radioliband-receptor binding assay

® UFu1n Protein/ovary (1 ovary wiiniszunod 0.116 nfu)
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hCG - affinity column chromatography 184 Triton soluble extract tﬁﬂdﬂ%&g}ﬂ’l (one
cycle) AMNTAUEN LH/hCG - R IHLFgn3 I duGenfunisuandaedadeaiutl winsziia
Reiaafuaesray (iwo sequential cycles) Taillanmzandisiiuay y ﬁiﬁﬁﬂﬁﬁﬂ?mﬁu
hCG - Sepharose gel Aatl buffer Na-PO_ / NaCl pH 7.4 unmuann (athevey 300 ml)
MaFuEuan Halsngan receptor {Ravfavuananaanuily a-4 fractions 43N 1 by pH
FANGA pH 4.5 FUAASlY profile 189 hCG binding activity, pH ez UFurulilsmu waq LH/
hCG - R 'lugjﬂ*?lx 1 atidlafinnn 9098 receptor BnAAuAUUTIY Uszunos 11 % Tlalin
UfnTunfiy neG-Sepharose get a1z dnsrdautes fnathe fa gel LT 115
daldiivunzan vie Latlunisu (6 1) deaiuly

20000 I
] @ S
£
(@]
~
= 15000 4 T 64 4
3 )
3 b P
o
o L3
O
o
Q

BCLM
NOILOVY S/ NIFLOYd WV HSOYDIA

10000 4 ST ——e——o4 4 %
L2
5000 2
\ Hl
\Q ) )
6 /L s 1o

| 2 3 4 5
FRACTION NUMBER

11N 1 (gegununin)

Affinity - purified LH/hCG receptor WARMY Activity 2.85 + 0.49 pmol (n=4), Specific
activity 1425 + 280 pmol/mg protein walona (yield YL recovery) 'QQFN 73 %, 71 % UAC

88 % [N homogenate, Triton exiracted membrane WA soluble receptor extract ATNAGL
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waloa/Funo receptor protein Zﬁ&ﬁd 2 ug/ovary 7N 1.54 mg/orary 1u soluble extract

Chracterization Y84 Purified LH/hCG receptor :

LH/hCG receptor ﬁﬁ’ﬂﬁ‘lﬁﬁﬂg 1ot one-step affinity column chromatography
ﬁm'zmu?qﬂ'é'gmm (homogeneity} ﬁﬁt&ﬂﬁﬂﬂﬂﬂﬂﬂﬂ@ﬂ 3 acid eluted fractions 1713‘3 binding
activity §egalLAnszyiresay sps-PAGE neldidaula non-reducing WAz reducing 3t 5 %
B-mercaptoethanol WAUEN -S-S- (disulphide) bond 18Ry undienvwoLlUsiudae
silver staining "x?aLﬂuMﬂﬁﬂﬁ@nﬁﬂiﬁuﬁﬂmm’hgqqm (329970 Radiolabelling) NauaAn3lu
717 2

117 2 (gefurunn)
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Purified LH/hCG - R Usngidlu Tsdufoauauidos Suininluans
ﬂ?'mguﬂ:iuﬁﬂﬁ‘ (apparent, relative molecular weight) M 64,000 mu’lﬁfﬁ@u‘lﬂ nor-reducing
(Lane A) uaz M 83,000 melBiderla reducing (Lane B) n"g reduction uua’lmumqa
vedllsuARIineanaNENINE TN AupRauTiEand Ty gel WuAaliaszlsnin
winluanagands dau Lane ¢ iflusinetanaugy (control) 410 - Fiu - Finunnswiean
iudiuietanaaenlsznig lideangilusmule 4 u get  uandn Purification
189 LH/hCG - R 1At hCG - affinity chromatography ﬁmm:auﬁ

ieripnetiiaunaues acid eluted receptor AT Radioiodination UWAA
AATIZYAIY SDS - PAGE UWAT Autoradiohraphy ﬁammmm‘lusﬂﬁ 3 Lane A \lu P1LH/RCG
R nelsidenly reducing M 83,000 WA Lane B il FLH/hCG - R nelsidenla non-
reducing i M 64,000

117 3 (gAredurunaw)



105

¥ = a7 P ¢ o) o3 o o o
ﬂ??lll]ﬁ;ﬂﬂffﬁ'lﬁ‘f ETIneeEed we. UR e [ULUN 2 LWWEIUU-NOWIEY

Ligand binding activity 184 LH/hCG receptor ma hCG fiflunastiugiu
n13UsInDH receptor UAT TUALILANATA receptor I¥anaauils Tunsdsuil v affinity
cross-linkage $EUINE LH/hCG receptor 41N ovarian homogenate fill radicicdinated hCGflu:/;Iﬁ
uaz 188 unlabeled hCG atNAUREINE 1ol Glutaraldehyde %uﬁu monobifunctional cross-
licker NNUMAINNTAATIZROY SDS-PAGE UAS Autoradiography UAALSINGRT LH/RCGR
TANUBNIZIRNZRY (specificity) BB hCG s’{mam'lugﬂﬁ 4 Lane A WELHT unabeled hCG
TutlfjnS a1 hCG receptor complex 2T M 115,000 2w hCG i M 50,000 hCG 130,000
LAZ hCG 71 20,000 Lane B L8l unlabeled hCG r(z ug) lalrlzangH LhoG-R complex (finu
iesniinminyes hea @@nm’{mfwﬁ’niumqmm FRCG-R AU¥NL M 65,000 Gatuda
?Juﬁuio'{d'\ LH/hCG-R 984 rat ovary ﬁéﬁ%ﬁﬂiﬁ!ﬂ!}ﬂ Mr 64,000 ﬂ’\ﬂl&lﬁtéﬁl’ﬂ non-reduction

u?@'luﬂmwmsu'mﬁ'lu ovarian cell membrane

gﬂﬁ 4 (AneFU"aNN)
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Displacement equilibrium %8BS hCG ’?;ﬁﬁllﬂ purified LH/hCG receptor :
ATTNIANIZIANEAY (specificity) 989 Affinity purified LH/hCG receptor fidde L/nca
uandlilaunns@ne naunudi (displacement binding) T34 PEhCG U uniabeled hCG
(CR 121) MU Anterior pituitary hormones 'éu 9 A® hFSH (F3), rTSH (F2) uRs rPRL (F1) A3
uandlugilit 5 sadsangiilifisesluusdsalaanunsoudsiufy “rhee Tunneing]
" N7UAAY LH/RCGR 16 wanann uniabeled heG lunnsfiuiiugn Purified LH/hCGR 184 rat
ovary i firnuamizianzasaturai e hea Tadlu analoque 189 LH

% BOUND

O L 3 )
0 1 e 3 4

Log HORMONE , pM

77 5 (gAneBununan)

g‘]ﬁl 1 hCG - affinity column chromatography 984 Triton X-100 soluble receptor
extract 8118 U * Methods * §NATUARINIFIFN Elution 184 column AN g1 aeuann pH
7.4 buffer (WBWEIN LH/hCG receptor BANAN affinity gel

1% 2 n99AsIzI Affinity purified LH/hCG receptor ARt SDS - PAGE 1anl
WG ENGRDNS (100 mg/lane) 1u1% sps sample buffer A uas lailis % B- mercaptoethanol
FNFRBEN 3 UAT NaUYN SDS - PAGE UM 7.5 % gel Wdatian gel #atl silver nitrate Lane A
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Lﬁu receptor 145 reduction Lane B Lﬁu receptor 1% reduction uaz Lane C Lﬂuﬁ‘)@dﬂ‘i’m
"HU * Protein marker 97N Diversified Biotech oA Phosphorylase B (95 K), BSA (68 K),
Ovalburin (43 K), Lactate dehydrogenase (36 K) UK Carbonic anhydrase (29 K)

gﬂ‘?l 3 Autoradiograph 184 1 - labeled purefied LH/hCG receptor {aeinng
AATIZURLY SDS - PAGE (20,000 cpm/lane) Lane A 1TlW Pkreceptor 75! reduction AT Lane
B 1u mt-receptor ﬁin‘ﬁ reduction Protein marker 81N Sigma Toun Myosin (205 K),
Phosphorylase B (79 K), BSA (46 K). ovalbumin (45 K) WAZ Carbonic anhydrase (29 K)

‘g"lﬁl 4 Affinity cross-linkage 184 [m ] lodo - hCG - receptor complex BT 81437
ovarian WAT @ |- hCG 'Imu'l‘ﬁ' Glutaraldehyde L‘ﬁu cross oknkir LLﬁQﬁLﬂﬂ:ﬁﬁ'Jﬂ SDS - PAGE
(50,000 cpm/lane) WAZ Autoradiography Lane A AR8¢14 ®I-hCG-receptor complex (iﬁﬂﬂi%)
'lu‘?ﬂn'ﬁ unlabeled hCG Lane B 1lu likage 189 ™| - hCG-receptor complex 'luﬁﬁ unlabeled
hCG NANINUNWE Protein marker 7N Sigma mﬁ@u‘lugﬂ-‘fx 3ARAR  subunit 989 hCG B B
subunit 489 hCG Uz AB Aim  hcG Taiana

71N 5 N12AN® Displacement equilibrium 22U ™LRCG ALl KOG, AESH, hTSH,
UAZ rPRL NAa Affinity Purified LH/hCG receptor
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Pseudopregnant ovaries
Homogenaite in 10 mM Tris / 25 % glycerol buffer, pH 7.4,

containing 0.1 mg/ml bean trypsin inhibitor and 1 mM PMSF, on ice

Homogenate (P‘)
480 x g, 4°C, 10 min
Pellet (P:) Supernatant
48,000 x g, 4°C, 1 hr
" Membrane" Pellet (PJ) Supernatant (P‘)

Exiraction with 1 % Triton X-100 / 20 % giycerol / 1.7 mM EDTA, pH 7.4,
containing 0.1 mg/mi trypsin inhibitor and 1 mM PMSF, 4°C, 45 min

Dilution with 10 mM Tris / 25 % glycerol / 5 mM EDTA buifer, pH 7.4,

containing 0.1 mg/ml trypsin inhibitor
Extracted Membrane (PJ)

177,000 x g, 4°C, 1.5 hr
Soluble extract (SS) Pellet (PS)

WEUTAN 1
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LH - Luteinizing hormone

hCG - Human choriogonadotropin (human chorionic gonadotropin)

hFSH - Human follicle stimulaing hormone

hTSH - Human thyroid stimulating hormone

rPRL - Rat prolactin hormone

PMSG - Pregnant mare serum gonadotropin

SDS - Sodium dodecy! sulphate

PAGE - Polyacrylamide gel electrophoresis

TEMED - NN N N-tetramethylenediamine

Tris - Tris(hydroxymethyl) aminomethane

CHAPS-3 - [(S—Cholamidipropy) dimethylammonia]-1-propanesulfonate

PMSF - Phenylmethylsulphony! fluoride

EDTA - Ethylenediaminetetraavitic acid

BSA - Bovine serum albumin

CNBr - Cyanogen bromide

PBS - Phosphate buffered saline
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Rat ovarian LH/hCG receptor QﬂLLﬂﬂiﬁU?@ﬂﬁmﬂ one-step affinity column 184
hCG-CNBr-activated Sepharose 4B gel IntiN13TA138t19u N0 Tinas fiussneusan
10mM Na-PO , 0.5 M NaCL, 0.03 % Triton X-100 (w/v), 5 mM CHAPS, 1.0 M Urea UAZ 25 %
glycerol, pH 7.4 LRIUEN receptor maTines TUnRTY U pH 4.0 Lﬁ@’?ﬂ hormone binding
activity 183 Affinity purified receptor 9% standard hormone-receptor binding assay E%/"Jilﬂ’]ﬂ%
hea 1o Activity ’4}3‘\35@ 2.85 pmol, Specific activity 1425 pmol/mg protein WAT Yield (recovery
of activity) 73 %, 71 %, URZ 88 % ij‘r]l.‘ﬁimﬁn ovarian homogenate Triton X-100 extracted
membrane WAZ soluble extract AMNAYAL One- -step affinity column ummmmuan purified
receptor protein 1ANANNIY NG1NAS 1alsFiuganie 2 ug/ovary WenAARANT Ay wo
sequential affinity columns 'T’;LﬂEJLLEJﬂ purified receptor proteiniﬁlﬂﬁ@ 170 ng/ ovary’ LRZ receptor
TutnuFgnEnsailfiainma hormone binding activity 1ilagaduideniu

Affinity purified LH/hCG receptor ﬁif’mﬁnimaqa Mr 83,000 (reduced) bas M(
64,000 (non-reduced) ANNNITNATIZYALY SDS-PAGE u@*m?ﬂuﬁuo’fqa Radioiodination
WA affinity [‘”] iodo-hCG cross-linking 184 receptor HANNTNARRS AUUAYUTIEY
1BIATUE Q'DQEILL 7 ‘vﬂmmn LH/hCG-R 1m8 two sequential affinity columns WAYINNNT IZANS
column At Trines FienAie Wash butfer, pH 7.4 W3 2 TTives fie Wash buffer, pH 7.4 UAE
pH 5.0 39 tiined T1szneudas 10 mu Na-PO,, 0.5 M NaCl (72 1.0 M Nacl) 0.1 % Triton
X-100 WAT 25 % glycerol nauNIsLen receptor Al elution buffer, pH 4.0 ﬁi‘jﬁ'}uﬂ’a‘:
n@umﬁ@uﬁu LARMIIN LH/hCGR Lﬂu‘immqmtnu monomer "ﬁa@@mﬂﬁmﬁmwmums
AATAZUW rat ovarian receptor IneAE AR a iUl wil§dautlsznayaas ties sne q fu

ons 2 15,16
Q8 Hormone receptor complex cross - linking

Az Ligand blotting > wananiiea
AAAREITLNTAATIZY LH/hCG - R 1At Recombinant DNA technique "ﬁqﬁmemud'\
receptor protein vy monomer ﬁﬂs:nw%uﬁaﬂ 669 amino acids (72,000)" WAZ 674 amino
acids (75,000)%

ﬂ’li“}’i reduced LH/hCG-R ﬂaﬂng‘w M 83,000 'NNH’J’\ non - reduced LH/
hCG- RV\%J M 64,000 ﬂv«mum receptor protein Y dlsulphxde lirkage N‘ﬂ Soj ar’°1mmm’m‘bm
LH/hCG-RY 6 disulphide bonds W& 2 free cysteine residues

19l inuiis891U97 Porcine ovarian LH/hCG receptor™, rat ovarian LH/

hCG-R’ UAS rat Leydig cell LH receptor® # M 60,000-90,000 uaziflu muttimeric protein
r
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ArAnssiianaiiesannmailalunig purification 3@ receptor protein @1AgNtatAIE
protease LUTZUINANNTNARES

ﬂg‘ﬂ‘lﬁ']’"} rat ovarian LH/hCG receptor mmmgmmn’lﬁu‘%qﬂgﬂwn ovarian cell
membrane LAE Solubilization Extraction WS One-step affinity column chromatography '?’ifl hCG

-

iy igand "»ﬁ‘iﬁQWﬁ‘Z‘aQiﬁ@Uﬁi homogeneivty Purified LH.hCG receptor WARIAHIRNAZ
lanzawie heG iy wrilanin nFeniu hormone BUAN Pituitary gland WRE purified LH/
hCG-R Y Binding activity 2.85 pmol, Specific activity 1465 pmol/mg protein10‘\’Nﬂﬂl‘ﬂ€fll;l\ctivity
88 % AN soluble receptor extract uazln Receptor protein 2 ug/ovary %Qgﬁﬁx‘l 12 MY
purified receptor ﬁif?\?ﬂﬂﬂﬁ Two-step affinity chromatography (170 ng/ orary®) uazdaflu
NATUAAYIN Urea lalifReuutlag Binding ability 989 purifide LH/hCG receptor LH/hCG

receptor LUMINIMANA M 83,000 (reduced) %38 64,000 (non - reduced)
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MSATUIETLUUITBIND LS L UL Euaa U

l wHva 9aaofs1

TuszuuduIauin (Horizon System) AUUARUMUIAIPIEATYNGY (Al
tude) URTANRTYS (Azimuth) LEIANNTOATUAMANMUITeINTlLs s UK U e
Funautidalaladldaunisfail

cosa sinA = cosd sinh (1)
cosa cosA =sind cos¢ - cosd cosh sing (2)
sina = sind sing  + cosd cosh coso (3)
Local Sidereal Time = H.AM.S + RAM.S = RA. 183079 + h (4)
LM.T. (Local Mean Time) = HAM.S + 12" (5)
A0 (5) AuFu dwmFudoautt HAaMS Wy - dwiudesting Hams iy .
U.T. (Universal Time) = LM.T =24 (6)

AN (6) AN - T‘B’Lﬁ@ﬁmmﬁaﬁﬁnwﬁfagw\am:f'{u@@m}mn‘?ﬁ'ﬂ uazen + Milesaumisd
AneagamzTunnyeni e

GHA = LHA T2 (7)
AN (7) A1 - 'lit,fl@mmdaﬁﬁnmmjwmm:Eufa@nmfaan?ﬁ'n uazAn + WilesaumieR
AneegnimzSunnaesn il
ananns (Ve (7); a Lﬁugngwmmo A LﬂU'ﬂ"ﬁHﬁﬂle’W

RA  1939719UNN8N03 (Right ascension) 189A19

5 V1804 Declination 184M7

h vneia agwn;fﬁ,mwmmqﬁm.ﬂu - dwfudratwazdaudu .
Aufudasting

* k'8 & N £ & g o l
anemansnanst mMasTRand ansinetmans uunangrdasauudy
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o uazfiqneaunmnizaifidnrzunn 14 B9ANT NNY, 16 BIANTITEY
uriy, 19 earniideudadodml dusu
RAM.S. 11U Right Ascension 184 Mean Sun (A998 #imtiasiaR)
HAMS. il Hour Angle (3yn§91319)184 Mean Sun
u.T. Wunrnana vianailudssmadaings
LT, ifluinanviastiufivinnasfananisal
aHA duyudilussemnivegananidfudszmadings (6 dewtann
Greenwich)
LH.A. Lﬂugu*ﬁﬂuwmmo o Viasdufiianasdanantsal (L dexnann Local)
ailuAn Longitude 1asviasdiuiivanisdananizal S 100°E dauiy nv,
120°E AMUFU 2. 28ULNU LA 150°E AFY A.quaTirsnil iusi
i x iusuauiuiuan 21 Sa. feuiidnegaann
RAM.S. AT Uszunng 4x un¥
Fathatu druiidesnisinsaanadudud 21w, x azilAwindu 31 du
(/7N 21 Le. D9 21 e, 3 31 5U)
FofuRAMS, = 4x31 uil
= 24 UM
= 2 1. 4 U

fasiaanisAngaann o wawmidwnunaiunRndludszmelng fea Aty

navasiiunieu (LM.T) il atludszwAlnelfiaanzas .qUaT81l :ﬁqﬁamﬁgm 105°E
U SsasnsAnEnad A veuuniy ?oﬁamﬁqm 102°8 Winldaail

Aa0ANA  105°E = 7"E

ARINA  102°E - 6"48"E

187 q.fqumm%ndmmﬁ A.4AULNU 127

1R A.08UUMY (LM.T.) = 19gnT) s.quA (aludszmelng) 127 (9)

anaunz(9)azun LMT. 18 aanlunuluaunis (5) azun HAMS. 1wt
HAMS. = LMT. - 12" (10)

uazundluasnag (6) azun U.T. 18 Indl dipd aeumng - uazunu a wirfiu 102°
V7| 6" 48"
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sz@ﬂ?"m RA URC 8 'II'E)\WI'W#} Uu.T. (Universai Time) wia E.P(Ephemeris Time)
T 9 faNN20MT RA. UAS 5 984779 1 U.T. 1nizAnmanafiveunnuls

Aniiunu RA. 1899719, RAMS. [371 (8)], HAM.S. [a7n (10)] Tudsnng (4)
Azu h 19

Unu ¢, h Uz & luaunng (3) AEUHNFY (a) i

MAZUWNU b, 3 UAZ  a luaunis (1) sswnedys (A) 10

w ] ‘ 3 s L i 6 o &
WALTIEAANIT ALY 12198 AN UFUUML8IAN IS ANAITIY LAY
AnUaUNNAUILS X UAZ x Aauandlugiin 1
e ndl x uaz x A1 a = o undluaunis (3) 219 cosh - -tans tane W
RTUNTENAIN S WY o WL 14°N A2l tans - tand  Fau cosh = -tan’d 1@931N
tanl4® = 0.24933 AIUU tan’d = 0.06217 WAL cosh = -0.06217 = cos(-93%6)
vy AU X Hualuaiafiy -93%6
ﬁﬁu@qﬁmﬁummﬁnﬁgqu“lo’{dw NAUUU X Nyufaluayingy 93°6 fadu goeh
mwejuuﬁmﬂw - 93°6 + 93°%6 = 187°.2
a9’ n 1" = 15° ez 1° - 4™
L al' i L h m s
WiagaannneguuYiaann - 12" 28" 48
& [V
YUZANTUUNY a = 0 TuaunIs (1) a<la

sinA = -cosd  sinh

e § = 14° UREZ h = -93%6
fravdu sinA = (0.97030) (0.099803) = 0.96839
= sin 75°.6

TuAe TuzAMnTU [ AR x}'luglﬂﬁ 1]ANAsTiyNgAviniL 0 89A7 WasHadyswiiy
NCX Fasiafy 75%6 E

Tunueaduaiuunizanmn [ FRaums xz'lugﬂﬁ 1] ARz Tiyugayinml o
avAuasledy sy NCX_ FavnTu 75%6 W

snusRaesiunnasiiiumiad x -‘Anm,fluqmmﬁ@?&m:m?\ ifiesann
XCA = X CB = (1/2) n2" 28™48° - 12 = 14" 24°

oy 1AM TN 6" - 14m24° = 5" 457 36°
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| Image processing is becoming more and more important with the advance in medical
imaging, remote sensing and robotic development, etc.. This paper demonstrates one of the
methods used for image enhancement by modifying histogram of the intensity levels of the image.

The technique used here is called histogram equalization and is used for global and local
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Halftone Printing on a Dot-matrix Printer.

lan Thomas *

Abstract

Halftone printing has been developed forthe EPSON FX printer. Three different
resolutions can be accomodated by the programme, 40, 60 and 80 picture dots per inch.
While the resolution is not as good as laser printers, it will provide a low-cost teaching aid for
image processing. Another advantage is that it provides a cheap way of preparing stencils

of pictures for Roneo reproduction.

introduction

Photographs consist of many colours, but when they are printed in books the
printer is able 1o print them using only four colours: magenta, cyan, yellow and black. A black
and white picture, eventhough it contains different grays, can be printed using only black ink
onwhite paper. The technique which is usedto allow the black ink to produce different grays
is halftoning. The ink is applied to the paper in dois, with the spacing between the dots kept
constant. To make a dark gray area the dotis are large, whereas to make a light gray area
they are small. Our eye integrates the blackness of the dots with the whiteness of the paper
to make agray. Incolour printing the amount of each of the four colours is controlied by the

size of the dot of each colour, which the eye blends into one colour.

The halftoning technique was used many years ago in weaving silk pictures. The
modern process was Invented by Stephen Hargon in 1880. In the halftone printing process

the unit of print is the cell, corresponding to one dot in the halftone picture. The size of the

* Physics Department, Faculty of Science, KKU.
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cell depends on the quality of the printing. For newspaper pictures there are 50-30 cells per
inch, and in books and magazines 100-300 cells perinch[l.aing, 1984]. Agood quality paper
is needed for book and magazine pictures.

The printer makes a halftone image using a screen made of clear plastic with lines
cutinto itin a grid, at the spacing that he wants for the dot spacing in the printed image. The
original picture is photographed through this screen to produce the haiftone picture. Another
method which can be used is to use an electronic scanner which measures the reflected light
intensity at the position in the picture where dots are wanted in the printed picture, and stores

the information in a computer data file.

Theory

The information which can be printed per unit area using a dot-matrix printer is
limited by the size of the wire in the printhead and so the size of the printed dot. Within the
size of the printed dot only one bit of information can be represented - the dot can be printed
or not printed. The area of the printer wire in an EPSON FX80 printeris 6.7 x 10° sq. in,,

giving a maximum information density of 1/6.7x10°% or 14.85 bils/sq.in..

The information in a halftone picture is of two types - spatial information and tonal
information. The amount of spatial information depends on the resolution of the picture. If
there are many cells per square inch the picture has a high resolution. Tonal information is
reflected by the number of gray levels in a picture. Our eyes can distinguish about 64 levels
of gray. In halftone printing the balance between spatial and tonal information is set by the
size of the halitone cell. However, thelimit o the spatial and tonal information is the maximum
information density printable. In general (Number of gray levels - 1) x cell density <=

maximum information density

This relationship is plotted in Figure 1 for the EPSON FX80 printer. The number
of levels is always one more than the number of bits since one bit can represent two levels,

black or white, two bits can represent three levels, black, gray or white, efc..
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halftons cell density
{dots/sqg.in.:
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Figure 1.  The relationship between halftone cell density and number of gray levels.

Method and Results

The EPSON FX80 printer has three densities of printing; 60 dots per inch, 120
dots perinch and 240 dots perinch [Epson, 1983]. To be able to print ditfferent size
halftone picture dots, each halftone cell has to include several printer dots. Inthe 240 dots

per inch mode the printer dots actually overlap - there are only 120 separate dots perinch.

The software written can print images stored as binary files at three
differentresolutions with cell sizes of 6 x 5, 4 x 4 and 3 x 3 overlapping printer dots at 240 dots/
sq.in. [Epson,1983]. Figure 2 shows the same image printed with the three different dot

densities. The image contains pixel levels from O{white) at the centre to 255(black) at the
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corners. Whenthese pixellevels are converted to gray levels, they result in the banding seen
in Figure 2. This banding could only be removed by having 256 gray levels, which with this
printer would require printing only 8 cells per inch.

Figure 3 shows the dot patterns, adapted from [Rogers, 1985}, used in the three
different printing methods, along with the cell positions. Note that in the 40 cells/inch
mode the cells do not overlap, whereas in the other two they do.  Aliernate rows of cells are

shifted by different amounts so that cells do notline up ina vertical line, which the eye is very

sensitive to. With this offset, cells line up at 45 degree lines.
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a) 40 cells/inch and 13 gray levels.

{high tonal information)

b) 60 cellsfinch and 8 gray levels.

¢) 80 cells/inch and 4 gray levels.

{high spatial information)

Figure 2. An image of 128x128 pixels printed using the three different halftone printing methods.
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40 cells/inch and 13 gray levels.
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Dot patterns used for cells in the 3 different printing methods, and cell positions.

Figure 3.
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Conclusion

Software has been written to print images at three different resolutions
on a dot matrix printer. The gray levels are not spaced equally; the dot patterns
can possibly be adiusﬁed to improve this. It is also possible to have more printing
densities than reported here, whichmay be used for specific tasks. The 40 dots/
inch mode is currently being used to print computer generated holograms
[Chootin and Thomas, 1991], which are then photoreduced. When printed at 80
dots/inch apicture is approximately the same size as it appearsonaVGA screen.

While the resolution is not as good as a laser printer, dot matrix printers
are easily available and three or four times cheaper at present. The ability‘to print

images on a dot matrix printer will allow more people to performimage processing.
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