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Genetic Polymorphisms of the S-Adrenergic Receptor
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Background : Genetic and environmental factors are known to affect the incidence and severity of asthma.
Stimulation of B:-Adrenergic Receptor (3,AR) results in smooth muscle relaxation, leading to decrease in
resistance of airflow. The gene encoding the 5,AR has recently been seguenced. The 8,AR genotype at the
polymorphic loci of codons 16, 27, 34, and 164 was known to cause changes in the amino acids. The relation-
ships between the structure of the 5,AR and its functions are being elucidated.

Purpose : The gene encoding the 3,AR was carried out to assess the frequency of polymorphisms in bronchial
asthma, to determine wheather these polymorphisms have any relation to the severity, or nocturnal symptoms
in bronchial asthma.

Methods : The subjects studied were 103 patients with bronchial asthma, which consisted of 30 mild episodic,
32 mild persistent, 17 moderate, and 24 severe asthma patients. The polymorphisms of the 5,AR gene were de-
tected by mutated allele specific amplification (MASA ) method at the codons 16, 27, 34, and 164.

Results : The most frequent polymorphism was arginine 16 to glycine. The other two polymorphisms, valine 34
to methionine and glutamine 27 to glutamic acid occured in 11 and 6 patients respectively. The polymorphism
of threonine 164 to isoleucine was not found in our enrolled patients. The homozygous polymorphism of 3,AR
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gene was found in only arginine 16 to glycine (12.6% ). The heterozygous polymorphisms of 5.AR gene were

in arginine 16 to glycine, valine 34 to methionine, and glutamine 27 to glutamic acid, as 65.1%, 10.7%, and 5.8

9% respectively in asthma patients. The presence of agrginine 16 to glycine heterozygous or/and homozygous

polymorphism was associated in severe asthma (p=0.015), but there was no association between the other

three polymorphisms and the severity of asthma. The frequency of the 5.AR gene polymorphisms was no rela-

tion in nocturnal asthma as compared with non-nocturnal asthma.

Conclusion : The arginine 16 to glycine polymorphism of the 5,AR gene is the most frequently found in

asthma patients and association with severe asthma. But there was no association between the polymorphism

of the 4,AR gene and nocturnal asthma.
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718 Hae 719l J|#A] 53 7= H o
& Ze 7z 934 AFoE EHHEHN HAF
8249 8734 gt B Aot l#A| H
o] W= o] FFe] 7|Ho] Bdde AL
el dct. 7R Mol Wi Szentivanyi
= 1B Ao WA w7t AR FEA] 7]
B2 FE-&e BFgoer dAEdE “B adre-
nergic theory”7} #rojels Aoz ARsdnt. 4,
A0l 71| Mo} Wy 7)Mo Bzl A
7182 A2 A B, A FEA 9 oldol
Ro] 7]1&EA] Ao Ao s HAom delA
12, Barnes5Y2 ovalbumino g ZHatH 7|UH
o] Ha HAgo A B, mAANA FEA Ho] A
2 naslyon, HAgdAte] B, A F=A
o digk 71¢x] gart BaE dn AR 2
SAE B, AR FEAT Ao e e
2 B3y e}, et oeid B, w7 4-8-A
o] otz A1) Mol Wl HAe] FHY (phe-
notype)ol| #osh= 71AL &dshA et

e B PN FEA FEAPE FEEH,
A2 IMEE HEAY. 4, aFANE FEA &
Azl= GAA 5 q31~q329] &£A3= intronless
fAxZ gHA A, E48A 5 q31~q32E ‘5q
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cluster’gtx HHE fdAtelle ANl BAHE @
3 IgE 5& =Hse AR ohel, IL-3, IL
-4, IL-5, IL-9, IL-13 % granulocyte-macro-
phage colony stimulating factor(GM-CSF)%-9]
F227} A8t B gt A7 e AE9
Al #aste] gElary g3 Bdske Al

G U, oleg LF ] fAAE MR e
Aoz A e} B, AR LA 413 of

QI C-TeRE= xR i 2 dedl 774
9] ~4=4 AA (hydrophobic cluster)2 AHEu
oA gAsla e 674e] loopE HAstH 37l
AE B2 gt 3Me Ax gF2 Fee tE
g sla o, B, Al $8A R o8
220 t}&A (polymorphism)o] FA|3hH, 4
AN B, A FEA HEARJ] HHAELS 4,
AP egAe] olmlAte] diAE HEoE
Argl6-Gly, GIn27-Glu, Val34-Met ¥ Thr164-
lle 52 Aoz IR ATt A&HA 8, wad
72 FEAY 23 digte B, FEAE MEEES
2 BE A2ye] dgupgoe] EstE] A AlEHe
o] glold +% Y= desensitization & 5849
7} 7+238l= downregulationo] EAs= o=z
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g3t B, AN FEAE A&3le] AMSE
Ae 3 53}t pAaske o gelA Jop,
e AHARAA 8, mPAHE FEA 9
desensitization == downregulation ¥9t oz}
A FEYH 2 AR A FEA g
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o7,

ol & AT 78A HAgAA 8, mAlA
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g A= HA #x} 1039golgoen, Ya= 54
3, dzke 49902 HF AF L 46.64] (19~80
AL ol 717k 4.7 do|ek. HA% 1deiyte]
Ads w3 1537 olde] Fokg wigton, 662
34 A9 otz $FAA} VT Aol Ud
AUt BE o A oF 7|EAE AES|
4o Ame} Fo] FAE FRlEIGUTE Fate] M4
Are vlx 3y 274 (National Institutes of
Health) 9| 710l oJated?), 2] AxE HZo A
4, 35% % 33 Moz TRasien], A3
AL Aoz Fado] WAE = M A Fulgk A
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Table 1. Characteristics of enrolled patients

Age( year . mean+SD, range) 46.6+15.3
(19-80)

Sex(M/F) 54/49

Duration of symptoms.yr( £SD) 47+7.2

No. of patients with 39
systemic steroid

No. of patients on
severity of asthma(%)

Episodic 30(29.1)
Mild persistent 32(31.1)
Moderate 17(16.5)
Severe 24(23.3)

< F94l, BE 74 AAE AREH L, 2EH R0
= FYAs 2o AMgshs AT AlAE ARt
Ak, o)9]d|E methylxanthineA|A], Azelastine
59 BATE AAE AR 89 olF 1¥F
o 671 o] AN AR =EE T3l #Al=
3990]lon, Fof Fok oz} whzto|y} ozt 7]
o] HAEUW #xl= 440}
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1) B, w317 4-84 ©t84 (polymorphism)<]
A

(@ Chromosomal DNA &z2]

AETE 5 Eed @3 &9 1004l diges-
tion buffer(10mM Tris-Cl, pH 8.0, 100mM NaCl,
25mM EDTA, 0.5% SDS) 500u1€ ¥il, 10mg/
ml proteinase K 5ulZ 718l 55°CalA over-
night3}$d 1, phenol/chloroforme g 2j&)&}e] Tl
AL AAFEo™, 3M sodium acetate 5019
100% ethanol 1ml& #7}3}d DNAE HAAZ
15,000 rpm 2.2 4°CollA 1583 Y4lEeistn I



Mutation Forward primer Reverse primer

A I TCTTGCTGGCACCCAATA

16 amino acid e G CCAAAACTCGCACCAGAA
G : TCTTGCTGGCACCCAATG

: ACCAC GTCACGCAGC

27 amino acid ¢ GAC GCAG CCAAAACTCGCACCAGAA
G : ACCACGACGTCACGCAGG
A ACGAGGTGTGGGTGA

34 amino acid GGGACGAGGTG G CCAAAACTCGCACCAGAA
G : GGGACGAGGTGTGGGTGG
C:GATT CAGGCCTT

164 amino acid G GTGT G AC GGACACGATGGAAGAGGC
T : GATTGTGTCAGGCCTTAT

EE 70% ethanolZ Md% AFoz B & 504
19] FHFol Ho 4°C ol HHste] A3 HT).

@ £, A7 584 o8Ad (polymorphism) &
a4

MASA®PHE o83l B, WAl 84 164,
274, 349 2 164 olnjxite] T A e s}
Act. ZAzte] B, w7 84 thEA e AL o
3 &2 primerE o] g3t

Pre-mix Top(BioneerAl)d] &l chromoso-
mal DNA 100ng, forward primer$} reverse
primer& 217} 10pmol & YoF ZHF52 3 204
17} H2E 3o, F3ad A4¥ke (polymerase
chain reaction : PCR)& Al883t%tt. PCRe] %A
< A WA cycle& 95°C 5%, 55C 30x, 72C
30x7to|¥ e, 40 cycled 95C 303, 55C 30
%, 72T 30x7oldvt. vpAE}t cycled 95°C 30
Z, 55C 30%, 72°C 5&%relict. PCR2ZRH
< BHEE 2% agarosed| A A7|gF3le] thEA
& &gt (Fig. 1).

® B A7 84 th¥A (polymorphism) 9]
sequencing

16, 27, 9 34W#A ofnxite] ¥4 (polymor-

phism) o #¥d== DNA ME& #lstr) s

forward primer(CCTGCTGAGGCGCCCCCA) <}

reverse primer (CCAAAACTCGCACCAGAA)
& ol83}o] PCRE Aellon 16415 ojolscat
9] Wolof| dj@sh= DNA AMEL forward primer
(TGGATCGCTACTTTGCCA) %} reverse prim-
er (GGACACGATGGAAGAGGC)E o|83}do
PCR& Algsigtl. PCRYM e AAEL 2%
A719F5eg U39 m pT7Blue
(Novagen) vectore subcloning &}$t}.

Sequencing kit (Amersham, USB)& o]&3}
Tt 2ol d7IMES A3

pT7Blue vectore] subcloning?t plasmid 50ul
(5ug)el 2N NaOH, 2mM EDTA 5ul& Y1 37
CollA 3083t ethanol precipitation AJFth A%
¥ DNA pelleto]] primer solution (1X sequenase
buffer, universal T7 primer 0.1 pmol) 10ulo]
resuspend A]Zt}. alpha-35S-dATP (10mCi/ml)
0.5ul, diluted labeling mix 2ul, DTT 1ul, diluted
sequenase 2ulg g3 AF29A 5EZF ¥hgA|AT)
o] & 3.5ul #¢& dideoxynucleotide mix7} ¥£3%
G, A, T, C 4/]9] tubed] o] Y& & 3750
A 1087} ¥he-A17]3 stop solution 4ulE YT},
7M urea-6% polyacrylamide gelol|4] Z7|¥g%3%
% autographalgth(Fig. 2).
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Fig. 1. Identification of B-adrenergic receptor polymorphisms using MASA (Mutated Allele Spe-
cific Amplification). Photograph shows the technique applied to genomic DNA obtained

from the blood of patients who were homozygous or heterozygous for 16(A), 27(B), 34
(C), and 167(D) amino acids.

B, AN F&A ALY A g W49 2k} Alg M4l @2 homozygous Argl6$}l ho-
AdE Ao} @A e} okt HAale] AL chi- mozygous Glyl169] &A1& Fisher exactz Q)
square testZ RIS, 2T R T35 H4 & &t



Fig. 2. Arrows in the sequencing gel show the presence of an adenine (A) at nucleic acid posi-
tion 46 of B-adrenergic receptor sequence, an adenine and guanine (G) in this position
representing the homozygous for either Argl6 (patient A) or Glyl6(patient B), or heter-

ozygous (patient C).

4 =

1. 5. nZeIE =23 ch8M (polymorphism)

EE o 84 1031 st 16, 27, 34 2 164
WA o] olu|ibel] et 2 wAIHE $8-H 2] f-2xt
thd A (polymorphism)& MASA®o s AMsty
th. 16WA] o}m]=4k<¢l Arginineo] Glycineo 2 #
o|7} WAY 4 Y= 46HA €719 heterozygous
Hol7} 679, homozygous Wo|r} 13Wo|g)om,

tig o] flo] AU 9= 2342 heterozy-
gous Hoj7} 65.1% & 71 ¥ttt 27¥Hx Gluta-
mamine©] Glutamate= ®o|7} dojul= 79HA
47]¢] ol heterozygous®t 119o g 10.7% o)

on, 34¥5 Valineo] Methionine® @ wol&
doFle= 1005 F719 7Z-$% heterozygousdt 6
o 5.8%%rt 27HA9} 34WA] ojuwAte] T}
BAE 4971 homozygous WHol2t 1647 o
Ake] ¥ols i B3l 103%Fde ¢l (Table
2).



Table 2. Distribution of 4, adrenergic receptor polymorphisms in asthmatic subjects

. . Mutated Asthma(n=103)
Designation . .
nucleic acid Heterozygous(%) Homozygous(%) Non-mutated(%)
Argl6-Gly 46 67(65.1) 13(12.6) 23(22.3)
GIn27-Glu 79 11(10.7) 0 92(89.3)
Val34-Met 100 6(5.8) 0 97(94.2)
Thr164-Ile 491 0 0 103(100)

Table 3. Association between severity of asthma and distribution of 4, AR polymorphisms

Severity of Asthma(n=103)

Amino T : .
acid Genotype episodic mild persistent moderate severe p-value
(n=30) (n=32) (n=17) (n=24)
Homozygous Arg 9 7 4 3
16 Heterozygous 18 23 12 14 0.150
Homozygous Gly 3 2 1 7
Homozygous GIn 27 29 15 21
27 Heterozygous 3 2 -3 -~
Homozygous Glu
Homozygous Val 27 30 17 23
34 Heterozygous 3 2 0 1 -
Homozygous Met 0 0 0 0
Homozygous Thr 30 32 17 24
164 Heterozygous 0 0 0 -
Homozygous lle 0 0 0

2. 49| Fo| E B, mAMY FEAM ctEMe|
@4yt

A Fote] A Axg A Ang A2, A&
A ZAng M, F5F E FF WAz 4GA =
TEI B, nAA 87 tEAde wA g
AR 16U opmjxAtel] tigk @719 oy
& heterozygous®} homozygous?] Wo|E =F
¥§ste wild typedt 49 g Aol Wk AR
A& AArH(p=0.150). 16¥=Y<] o}n|x=Ake] wild
typed} Glycine] homozygousZE H2]9] A%+ A%

o @& dHA= TN (p=0.074). 274, 34¥=}
16497} ojulAtel] g th¥AdE homozygous
WHol7} §lo] BA £4o] ErbEdlolan, 27H) 34
W o] oluliAtel]l thgt heterozygous$}t wild type
o tiE Mol A% Axd wE AWNE AT
(Table 3. p=0.981, 0.545).

Iy, W F4e) A% A=E A ¢ F539
A2 g e 22 AY gale 2R B, A7
FeA Ao dA NEE FFEA 16HH ojn]
=4ke] ol dABAel YAovk(Table 4), 274,
349 9 1647 9] otulxibe] gL ARl



Table 4. Association between severity of asthma and distribution of homzygous and heterozy-
gous 3, AR at 16 amino acid.

Severity of asthma

Genotype mild to moderate severe p-value
(n=79) (n=24)
Homozygous Arg 20 3
Heterozygous 53 14 0.015
Homozygous Gly 6
Homozygous Arg 20
Homozygous Gly 6 0.018
Non-Homozygous Gly 73 17
Homozygous Gly 6 7 . 0.015

Table 5. Association between patients with nocturnal symptoms and 8; AR polymorphisms

Amino No. of patients with nocturnal symptoms
. Genotype p—value

acid (—) n=59 (+) n=44
Homozygous Arg 15 8

16 Heterozygous 37 30 0.680
Homozygous Gly 7 6
Homozygous Gin 54 38

27 Heterozygous 5 6 0.605
Homozygous Val 54 43

34 0.366
Heterozygous 5 1

164 Homozygous Thr 59 44
Heterozygous 0 0

k. W F4e] A= wE 16MA ] opnjieat
2] o] heterozygoustt homozygousdl thatix
Aol Yol FFo| HAYFE 16¥MA 9] A=
Wol7} Be Aol BAEE & F YU (p=0.
015). Hjo] A4E e #xlA 16HH ofvjx
Aro] Argininet]dle)] Glycineo 2 #ol& do o
™ (p=0.018), 16W#A o}u|:=Alo] Arginineth4le]
Glycineo. 2 Wol& Yol homozygous 3Hxloj|A]
£ wild typeo]t} heterogenous®elE Yozl A4
iz e gxloA BUtH(p=0.015,

54

Table 4).

3. ojzt HA| Fate| R0l wWE [, wHMY A
oy

FoF o % ot Hajo] AT Fxk= 103HF
4490] Qiglem, uriz] 59 oftt My Figo|
ATt ot M4 FAre] FFol WE 8, wANT
497 A= 16, 27, 34 2 1645 ofnjicike]
gake] oA A@Ado] glltk(Table 5).
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71EA Aol YoM B, A A 718A
HETE o|AAAN 7| A ] At AAR F
88 adoltt. B, wZAA FEA B, wAA7
FEA | L3l 71BA] BEZ W G gHES
%3l adenylyl cyclased Ay} &Al3lsle] A ¥
o cAMP9| Fxrt FVtsEe ez 49A Ut
cAMPE protein kinase AE 84315l Z&AX
9 7AEE FA 8= <4ks}(phosphorylation)of
g3k Aoz deA Aok f, AR FEAVL
$43td Wl G 9ulg iR ¥ ISAEY
&3z potassiumE &2 (potassium channels) &
ZHe Gsoll 33 ALl cAMPE 84313k 4%
= HZo WA Uk, J18A HYAA 8, agA
A=A F HA Fa% 282 /)8R fRkg
oA 7182 FHAL i HoAg-& ke Foltt
0 olefdt 7|BA ERL dE AET [ &
AA YA ot 7Ixe T Aol 2Hg-3td 71
A FEHAL diF 23S ¥ Ao s
Ak,

A&AH B, g7 f=Ae] 2ol diste] Al
EEHOE FE M2 A o] FilHo] HFxt
AFAgdo] gloid =5 Q= desensitization T
FRA19] 47} 7tAdR=downregulationo| &z|5h=
Aoz dejx AcH?. o}Ft desesitization EX=
downregulationo] 7]#x] HA #ate] FEdAT
&Rzl B, WA FEAE &3S AR
A4= 2 At gashs Aoz deA ot ol
§ 298 J18A $FaASRE Jeie 4, 2l
#F=A9] tachyphylaxiszti skt 48z 73
2o} B4Q) A9 W) ol 22 WAl
ME FF 44EE Aeg BuEy 9ok ®d Jx
#9l g HA] rebound2 F7leHE Ao LA
ek~ HZ = o]#%F desensitization Fx
downreglationgo| 7|=9] £, LA F&Ad o
g oo} Agdate] e Aes HaEo 2 w7l

73 F&A 9 g =AY AR e 4
F7t &3] o]FolA 1 rkIn.

Q7te B, WA A FEAE GAA 5]
long armol] £A3}, intronless gene®E 1200
base pairs@ FAEo] . B, PN F&A
AR GAA 5 q3l~q32¢] SAska 1200
base pairsZ TA=o] U= intronless FZA}olt).
FAH 5 q31~q32& ‘5q cluster'gts BEE 43
Aolle Mo BAEE A IgE T& ¥s= &
Azt ole}, IL-3, IL-4, IL-5, IL-9, IL-13
2 granulocyte-macrophage colony stimulating
factor(GM-CSF)%o] x5l B gul9] 243}
ke AEe] Aol Fg3te] dH 27 FFd 8o
e Aoz dA Ao,

B B FEAY AR TGS A
restriction fragment length  polymorphism
(RFLP)&] wyjoz #Qlsle] Ao AT Hxe}
Aol Qe Hez wmEPT”. Ban [E4
DNAE HJ3le 9, 2.1 kbE 7}3 JgA= 2.3
kbE 2 A4} §F<¢ salbutamol A A d
sl Aoz Husgot. oleigh Aol HAe
Ag Azt A@o] A o =] Bk &
B: WA FEA FHAY] tHEAdol Mo ®E
& (phenotype) ] o g3e F= A= F43lA
¢4t}. Reihsaus S £, A7 =&Al9 9EFH
9] FAAL Hol7t e Ao HuslYct. diF-ie
2z} Woj ofuAte) ¥EA| g wild typed]
Holg dodle Aoz ¥eA AT, 16, 27, 34
2 164¥A 9] opnliate] Wiol: £4-A T F9 of
oliAte] OhE ofulicito 2 X EE Aeg UeA
Art. ol2fdt ojmliite] X|FE Wo] Fd 16, 27
2 34Mixe] Wolx= FH|U9] catecholamineo| } 9]
RolA Fodhz 2 AN FEA i 8 3
=5 H3ld £ ole Wolz WAz Qltt. 7|#A
Hle] i FEEY) g 77 AR o|F
o]A)a1 gl= Wol: 16, 27, 34 B 16494 ofn|x=
Ato] X3kl Wolo|th. 163 27 9] WHolx Bux}



of wald tlekshy, vimE &3 Aew 43R
ok M2 2 Foll Arg 169 the alleled] ¥1==
35%2} Gly 1622 HHo|7} H allele®] ¥lEE 65
%2 B Aoz A k. =3 Gln 273 Glu
278 717} 55%, A5% 2 F RAR B Aeg &
2]& 9}®. Reihsaus%®2 Arg 169¢] Gly 162
2 o7} dojit W4 &A= 53%, Gln 279] Glu
272 Wold A% 24%E 47 Rasloc). e
Val 347} Met 342 WHol® AS= 4 4 519
Zo 1wW%ro] heterozygous2 wWol7} flgleH,
Thr 1647} Ile 1642 Wol7l | #xl= §lsdch. &
AT e M 2 1038F] Arg 160] hetero-
zygous ¥ol= 65.1%, homozygous Wol:= 12.6
%A}, Gln 272} Val 34+ heterozygous Ho|wt
o] 10.7%, 5.8% %5 47 Jepiou, Thr 1649
Wol= i webd B 79 Ade gE Buxat
9} wl=s=dlg o}, Gin 273 Val 34 xjpol7) 29
t}.

16HA2] WHol= 462 ¥7] A7} GE muta-
tion¥|o] o}w]:=Ato] arginine 1694 glycineo &
A E Aes QdHes AT HAe dwrident
Aale) FHPE o] A& Ao Husn 9l
ok FHe] Ao of3hd 161 ofujisto] gly-
cine g tX®E He= B, wAAE F#&A9] Hx
o} Aol YE Aoz rusle 849 downre-
gulationd] F2 Z83h= oz AFH Ur.
T3 Turkis® ol oJshd 165 ] olmjimate] Wol
= 718A] A2 fxle ofhd Ao ® Fodhes o
= ¥ 350t} Rethsauss ™o Bio) oshd 4
3z} Zol| steroid oJEFelu AHAEIF QFHE
ZZ0o| H4] oM Arg 160] Gly 1628 ol
7F BE& Hasle, Arg 169 ®loprt e ASe
H2e] w7}t B} Ags & 5 AUt # Al
ME Mol A= 4GAR Yol B, AT #
£ Holo] REE Fd vtz w7} gidion,
43k 2] (severe asthma)¥} 7ZAn|d M4 & ZF

Fo) AL B Aol 2TEOR W By

AFAT FEA Wolo] EXE g F7) 16914
olu:=Ate] Wojoh= ojn] Qe ZAAE Btk Arg
162] ¥o]7} heterozygoust} homozygous Gly 16
o Adgle] 16WA) ofn|xAte] Glyoz wol7t gl
T FApA A d2o] ow] A Btk ey
E A7NE 16, 27, 34 2 16452 ojulielte]
Hole} ozt al o] Watolu} Fdolle =5 2zt 9l
2t Green T2of 2Jabd 27 Wole 79HA F7
7} CdlA GZ mutation¥o} glutamine(Glin)o]
glutamate(Glu) 2 dix|go] 16 ®Hole} 28] 2 up
A7 483 downregulation®] H&2H8-0] Q& A
o2 4HA St} wikr|RA] EEAFNNE B, B
2 fF=Ae] Ao 2ste] 28-Ae] downre-
gulationo] Glu 279! 79 Gln 27:c} E Z24¢
& B3t HToe ARy F5E HAgA
methacholine”| %3] $4AAY A Glu 279 A9e
Gln 2750 499 st AasHd Jeg B
&lo] H]Eold 7|= Hlukgol] goshs Aoz &A
H k. ARZ Bo] dFEHI e Hole 164
Wso] ojmi=Ake] Threonineo] Isoleucine o2 of
Y ALE WEE oF 1%ujteg By} =8 Ao
2 2#A ol Ile 164 83 o] 4uiAE
ok3lA whg-3ted adenylyl cyclase] &4o] 74
= Aoz VEA 28 wideld FHEHUY. Gly
162 7]#x] A4 kg2 do7l= ¥hdd) Glu 272
7182 Hl wkgo] FalA sk AkEs Worh E
A ¢ 5 A, o)& FHsHA Arg-Gly 1634
GIn-Glu 27 Wole A& linkage disequilibrium&
o]F1 A& Ao E Almdrt.

oldel Az 7l#Al M FAloA B, AT
=84 tEgAlo] Arg 16, Gln 27 2@ Val 349 ¥
o|7} &a3}1., Arg 160] 7} ®gtom, Thr 164
= ) Gly 169] ¥oj&= 2 gt A% +#8A9
e Ak Z18A] e fRNA Be] EAFE
& Ak 2y B AT okt WA E
olv} Zd3 B, npAR FEA e AR A
o] gisith.



2 o

M OB

B AN F8A FAA e odg 259 oy
(polymorphism) 7} EAElH, 4] &AM B, m
AR FEAe] dEH Hole B, A 4e
o] ofuxAte] WhXE REo=z  Argle-Gly,
GIn27-Glu, Val34-Met % Thrl64-lle 5¢ #Ho
2 9¥A Yot ALHA B, BN K5 22
of disted NZHEHO R HE AT AgnHe] &
gtslo] Hak AEAdo] glold £E Qe dese-
nsitization = #8419 $£71 Z48H= downre-
gulationo] gk Zloz AeA ot MA@t
Mo B, wAAA 239 desensitization F=
downregulation ¥3} oz} H4 A 8, wt
AR FEA KA 8 A BAC dE J7
7b o] FojA 3L Qlon} =ghe] BT}
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