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Antigen Recognition and the Specificity
of Immune System

Hiro-O ITO

*Department of Preventive Dentistry,
Kagoshima University Dental School,
8-35-1 Sakuragaoka, Kagoshima 890-8544, Japan

Abstract

Both innate and acquired immunity are indispensable for human beings to survive.
Acquired immunity is mediated by lymphocytes that possess antigen receptors on their
cell surfaces, and are roughly divided into two populations, T cells and B cells. Al-
though their biological roles are distinct, the structures of ligand binding sites of the
receptors share characteristics in a great extent. One binding site comprises
heterodimeric protein subunits, and 6 discontinuous sites in the protein primary struc-
tures, termed complementarity determining regions, take part in making it up. There-
fore, the tertiary and quaternary structures of the receptor proteins play critical roles
for the antigen-binding capacity. Structural and functional complementarity between
the surfaces of receptor and antigen is required for the specific binding. In response to
a protein antigen, T cells recognize oligopeptidic fragments of the protein bound to the
self-major histocompatibility complex (MHC) class I molecules. The peptide-MHC
complex is provided by antigen-presenting cells (APC), including several different
types of cells. Thus, T cells can not react to any structures of the protein itself, whereas
B cells can recognize surface structures of the protein. A harmonized collaboration
among the three types of cells is required for the progression of humoral immune re-
sponse. Finally, importance of higher order structures of proteins for the B cell epitopes
is discussed, as to the immunodominancy.
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(H1)e LEMoT, BFLNNOHFEERSN S
hOWWE LI ALYRI—TH5H, MludWibis
PREIRE{RE D, ZOIIZonTiE, HiZlh
5,

V. WESREOSHEOER
HEZSBEEHFERT 501, HEST- 04Tl
7L, DOIBFEOPMOBENRRTH L, ZOMixE
W EHRERE, HHWVIELE b= T LS, X
o W (DR BVIRS > F SATAR K i Q3N Bl X33
L, LZAoTIHERBOMBIZOA (Lo LIEMICIE
IO b—TI2DR) I2EETEDL, TOZL
X, &L DEALEEL BT 4 RIELAMBE
FELE 70— FNHEERERLIFRISENL Ty
H5IZLThhH,b L3, BUECIIERLKROPL L
TEITFARSLNTWBA, PO TUIRIEFOREL
RF—THot,

8T, ToOMIHEEFEET 502 RUDMIT LD
LLEVEOPRICH LT, RERITERC, ALK
DrO—-YERAELTWS, BiZHICELE£D
Fixsed b 1B EEvbRTWVWS, W FTH
Bk, $hbblgidy oI ETHY, Lo
TEDBEBEFHT ) LOPIZHA SN TV BIETD,
KA2Z 1 EEELOBETFYY /20 HBETH S
ERITELRY, BEETFhOC MY/ A Tad s b
26, BIEEETFOREITHIOF BB X v L iEw
ENTVD, T, EOLHIZLTIDRALEOB
HEBET 2 RERIHET LI ENTELION?IZD
BERNCIBELC B A7 0A, J—RVEONBER -7
FIRINED—EDFIETH o712 o RISITTRT LIS,
H#iEHIZE B E, FBREVEREHET L #ETIXY
J ANTIEZ®EZ 5 Va i, #300DWR, 60DJ
HHICHNTEEL TS, ZhdBilla~DHL -
WHEST, V, D, JEMAMN LSO 574
WBRSh, BaL, BEMNVFRRETERT
%o THEHAEREFOFEL LV IN, Jodse
12X - T100X30X 6, HlIl%18,0008iKLL Lo & Hetk
PBEAMIND, SHIZFWRH MO LTI, A
PAREREIITbR S, ¥/ Alca—-FEhTnk
Dol BERNIEASRIED 7L —L T 7 MAB AT
W95, SN EETHEHMOLHMEIL S S I0H
KebDbid, bbrAIl.ar %#a~-F+5L

I oTLEINELDHBY, FOBRICLTCEE
HR St o 0MET 2 A L THEERERDET,
F#DOIHD, LBV TbiTbhb, LEHIZIE (8
LA 2HiFNH Y, FhENMILLA VTR #
FEETS (K3), HME LYOHEE L FAT >~
FHTHY, TOKREEOVHBROBENS M
FERIZEND DL D,

SEL - o AR T4, HRRVIMROEEET &
RIETHMICEELTLE > TWVB LW ) BIZTHE
W (rearrangement) DMWY, UK F ToOEWE
DF 7= BIETFEIAECHREETEDICRBNE
Hiahs, 50 1B# | fIETHREEEE2ICH
THEDTH-7- M FRINTAgzHEHCL T
LRI “BIGRIETF OB ERE LA, 4L
BRTHLHYTHRBMOBEIRES LI L
EoT, To4EWE, £{LFoHBEITEUD
bhaZbblhol, EIANHEIIE-T, Al
s a—YEORINE, GO TERLICEROETEZHE
5,

THRMESAROBET b RIILEESN, Fh
FHERET L I ERREOWMATH S Z EAHAS HI
ahiz, LaL, 2OBETOHE LDy » /3
7 \GTHbEE 1g (k) LML T, T4b
b, THRHERSEED L 38TY, ILEHKD
BIZFFEBENTHLR, X TERKZEOTH
L= M) —HEREND,

THRBMBESERIZE R, BIEE0RR L &
NaH, B L 2K B Ml A HUEUM B ¢t L &
NARMHT B8, RELHFETVRETICR
REREFRISZEFMONTVE Y, Zokiage
RERUZ & > THHEANOER I L D hotzru—
YHPEHIEED CHETFRPOPTEREN, &6
IR BT B 2 T, HENEkE LTRHED
EOBRUDSRBIIHELDDLEZ LN TV S,
HHEEORKERIE CDR #igxhOicigE, Zhll
OG- E ZECHETIIZERIIRE LV, 20
RYA#WHT L0 TRHHIZ (HRBBOT I TH
%,

Vi. ERERE (MEORREHE)

W OhDhifE - BEBEKIZBVT, FOXBK
FAAEERTIC L D SRS RIT S hTw 5,
$CH Poljak SO NV—7OIRY VF— A EF
WAL L 2 — M oRFE 2 1L, ko5 T2
B, OWTWRE U2 B0y oy BREEE R



W34 LTS amil ARt LT Nbd, lsails Lo WA H Y, HionEo
Hmr I Mg od L,
FLERO B A o 451

HMEE Oz,

GO D HUINEE &

(]
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HiEns, 71— -‘Ik
ff’:'-'C" U)flfl-.‘l:_l;_' & l}"{’j 2T W ﬂ‘J “zj ) /J‘c-bl BC .t}‘ |i L{l 3"
P |71 L e A7 U TWA" ZO8 %% induced fit &I

T-FMOMZ, AR L oHITEE: 7 3 7 Bsio XA s AT e o Gl o BT E & 1S
BEREOOATATE (BRI 7 2 2 W BT 3 2 g, A :flt#’ Th LY, EOMRFIZ2WTH RIS 2
BRYET 3 /7 BCIMREE T 2 2 %) O SIT 6 NSHETHE v, fiERE M sz h 2001k,
B o PUEMN G 3T o b1 47 3 L, "[7’;"1‘?;1’"’|1LLf_-ll»'ft-.'.)l'\( o fodh H Y OTHWIEIE T D
AL i e e 2 . A DD Lok 2 i &30 B D CREE L Cwv A oo RS & W2 BT HEMEA S
H¥bH. £7o, HMibEN—EORMN e LTLE EZLNLDOTHL, Tihbbifpl lmlf“"%o_ N

AE, 1 XKHhEY S
A DU & 1) 5,

Ls.. A ’ull JC{;)’J

iy < b, Uik & BURO AR IE
ZENTELD, oTHMEox / J)UL‘.\'H- r EOFE -l OAEE T ARSI (NMR) Cl, #&5
=3

L ehs 2oz

ShwnA, §F WH ST B
EOT, TSLCELLATHD
‘7f}i'ﬂ]:ififl|£”“~.:3| 24
RO X MKW DT v,

Hi s

FTALELKE A

LRI, - Lf’~"ml* 9, 521577
¥ 87 gk f'fll{.'.liﬁi/)'f

HHEH20emTH L] EH5-TLF

/\ Efﬂ'U)I'}J f—fzﬂif'ﬂl ”I“ I|I s ")’)dl: /L X nn.L V '}I'/)‘tr)

baltitH uiL (QRVALD Vi =] {b& v HEEPI A 7 78 4*-‘}2- e,
L

-
i o8 AIWREL R -':: k& Tl

11 HIH (e o fFdr iz

DHET 112 75 Hi 3 7 i H""'E-Z; LAL, %

B PRI TH-TY DWND, FVIPRETHTTHED L Tu o2 EEL
FELZ & » TidZhll bicas < 54 T TABOTF LRI »2WTIEEL, HiklEoE

') ”J ”L.H x lll <4 :’.‘

st RO R ]

L b il h o )
frat o T4 A
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I CFIH S s AR
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Ab1 Ab2
HCDR1
H 57 Tyr HCDR2 H 59 Tyr
H 101 Tyr HCDR3 H 103 Val
H 105 His H 105 Tyr
L 30 Tyr LCDR1 L 28 Asp
L 32 Tyr L 32 Tyr
......................................... REDRR s osscogasiaesccosass
L 91 His L 92 Asp
L 92 Tyr LCDR3 L 93 Glu
L 96 Arg L 94 Phe

IR T —4 4tk (Ab1) EADUIHT 21 T« 4 21 Tk (Ab2)
OFBEEOIFENE EHEERCHS T 57 2 /BEXOMRSE LUBR. &
HE7I/MEW, BEFTI/BRER BKETI/BMEAOSETRY.
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Ab1: anti-Type 11 Collagen
CORL 50
QVQLQQSGAE LAKPGTSVKM SCKASGYTLIﬁ\WKQR PGQGLEWT(A

VH

SZA COR2 CDR3 100 AB
[INPSNGYTEYN QKFKOKPILT ADKSSSTAYM QLSSCTSEDSAVY YCAREDYGSTHH
102
B
(Dﬁl
vy DIELTOSPAS LSASVGETVT ITARASENTY SYLAWYQQKQ GKSPQLLV@
CDR2 CDR3
[AKTLAEGVPS RFSGSGSGTQ FSLKINSLQP EDFGSYY(QH HYGTPR] FGG
GT
s B6 ME~XTFFEHESELLMHC
Ab2: anti-1-5 Idiotope &
- class [ iR, THiBLERESEHEA
EET2EELEALYRAEHT,
VKLQESGEG LVQPGRSRKL SCAASGFPFS[S -NVFGM RQA PEKGLEWV. ) i
v A i . R HEDE VBRI T F
[ISSGSNTIYYA DTVKGRFTIS RONPKNTLFL QUTGLRSEDTAMY YCVAPSPGVFYSH] Fo Class | # FICREETE 5D
O] 7 /B6~8RENDLOT,
(oo ZRENBVHOREETE TH
- BEhYWBEWV, ClassI5F0
BZEDRIEIRAKTHEIY, 73/
DIELTQSPSS MYASLEGRVT ITCKASODIN SYLYWFQQKP GKSPKTLI
VL CORZ ' w o3 {?‘; BEEHI~1265WEEF Al E
ANRNVOGVPS RFSGSGSGQD YSLTISSLOY EDMGIYVYQLQ YDEFPLFGA DEREONTF FLIRENFRET
H3.
GT

E5 OIS —44ufk (Abl) & AbT (CHT i1 71 o
24 7tk (Ab2) OVHIE D 1 X#WE, GenBank
(NCBI sequence data base) accession number: U69538
(Ab1 V), UB9539 (Ab1 V), U69540 (Ab2 V), UBISA1
(Ab2 V). ITO. H.-0. et al™ kWi,

B, MBS TCHwORES (150kD) Lok s i LRt E R L Twua Mic o THERL T

W—irFOLRTRAD LN EE Lo TWED, L WALZELW, HEOHBE LMY Lz 7a=y

(RBUE S22 o I I‘H TN & Bl 2 12 s FTHDHDOT, ZOL) iR EEL 4 KRS LT

lr‘:. e Abl &£ Ab2 D 20D % 23 B O B HITEATE
AT, PURPURRIEO L FlE LT, g5 # o4 KSR alTiff L, BZI\‘.‘F}EEUJI“ﬁ‘*'f?:i?\'

mj ar¥a— 9vi\-1:u P ) I A i 4 afﬁ}fﬂr ForTdh b Z Eid, REEFMIZLHEEL STV AT

LzI®as— W A€, ra—Fndifke o

OPEICHT L/ 20— WA 7445478 V. THRORERGEE S HRET

W OfUER AW o TR R R T S (’4), T OO ZF AR O 23 TR W TR L, Bl

MRS T 2 25057 3 /BRELEZ0 B0 L HEERBLTE), Z05TL<LoR

1A (5) Laahbd TR THELV, X#ME ML, EoREZERE AR R L L AL

A REE LRESE O /ORI IR 2 0% (S v L Lad's, SigTaHFCRELird 5.
TiEWv 5%, HEHEMET 3 788 (Abl) EREMET 3 /8 THIRIUEZER T E COMEE G YL (major

(Ab2) 2k ‘i'Uti'flw)_li_"i‘(ﬂ'}'i‘l[’l' EHl %, B os hi‘itncum]Jatihility complex antigcn' MHC) (245
Tz Fo7 I/ BOBMACHITLI RN A3 2 1 . LY X BEOR 2B 5 OATHY,

T-HE9 A f}‘;L 5o EHEMIZIZMIE (Abl) & (hifi hLl” o fCiJé([Illnl GrfilE % FRGk S AU AT K
('\h‘)' OMFIET R L TwahH, T2, 1 KHGE LI E (R, HE MHC I2EUS L 22w T HiB

WCERALTHAET A7 3/ MRFRAE AT A L TR {LO'M)J'JH RECHEBR L, BT BOSYER %4 T il
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PV ASRESA L TR AR OE S nilieT 5, S0k
IREIEBHELLND AL VB2 Lk,
Ihe THIRDOIEDRIR (positive selection) & \»
VW, FENLLRVEETHLY, bLAAHCTHKRK
3 RS LB & 2 RiERHRE b FMbodiliciE 3 h T
BYH, THH¥HDRIR (negative selection) & &
AW, T, RIERICLZHTLIEECTORIA D
K Eh T3 003, BRETH REEOFLFD
BOWERETH Y, MEICHBIIMRRW, T2, &
BOERLDIEITIhE0C, ZOHICHKEBRELD
HIZHBHEROLE D H 5D TIT—HEFE N,

6 IIRT & 91, MHC- JLEARTF FHEHEDO T
HRARZEALOBAEOKES I, ACHKT
B, PRBSOBRSNALFARICTCEAY) IRT
F VST B, BL L TORMED, MIST 2B
WL THROMBSESR L —E LB THEE

activation

MK DBEIT, RIFECEIXHIET S, MHC i class
I LclassT iC s D, «SHEBHINOLL DT
BhREBOTHER GRHY > HBORkEH) &
MHC class T {ZXJti$ % CD8 T #fg &, classIl iz
Ris$+ % CDA T HIfg 2559805, MHC class I 4
FideTtofiiRmcRBE s TE ), KAKCH
BNTEEINDL F Y328 (FRERE) ol
Fa¥EA8+5%, CD8 T Mg digt b & h 5 L Wi
REeRrd A2/l ERd, MIERESTERE LS,

INGIIERERLBELBECHRR, Y1 VAR
e DBEBRIC L DR ER TS5, —HCD4 T M
feid, E& L TRERS AT 5EMEH TS,
BlziE, BHIfasHidZEET A L) IRk B I, T
otz CDA T #iah 5 iy % Fir 5 LN
5%, CDA T MMLAERIY 5 classT MHC 4Fi3,

PURTRRHIRE L R S W A B e MIRBEOANTEIRT 5,

Ab producing cell
(plasma cell)

NI MHC classlt costimul

T |
0y peptide
%p«mcﬁ: antigen Y Iz

‘ reccptors for

co-stimulatory

co-stimuration

3 interleukins
.
.

7 SHR2CNIBRBCHTIAGEERICSYS@REBEER. HERFZRARRBREAR (APC) K
endocytosis & U < 2 phagocytosis & & WBRAAICRYAZHh, 7OF7—HIiCLWiElkEsh, ~TF
FBfE 2 MHC ClassI @ Fic & - TIRREh 3, THRARS®E (TCR) T MHCH~TF K238
L, BRI ES A TERGEER SN, BAROBEMLICDEEY KD A PRINBIFEREAT 3,
—FE NI ERFRBOIE b— 7 4ARKRE g IC L VISE L - BiR) THRL SOFREGS L.,
SEMAL, REEESRBCREMET 2, BICRRLTVWEWSY, BERG ELARBREEZET S,
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SskBFILER, PUERRERAICRD AT RIS
MR F7T—E¥THEtsh (Faey v Y), £
DO D—Eh class I T & 44 L CHIBERTE IC1R
REN, THIRIZL 2BHEMED, SRy V7 HD
ISEDWH #4E L7 MHC class I 2% L TEMH
OV THBIESEGEE TS 70— UHTEEILS
h, ZOHEEBAREHILICSERS YV EH#ET
Bo FhUE, A V5 =Y xr (LhbiTILA4,56)
R EOWBERF L, WRER Lo CD40Y 7 FW
&THB, $72, CDAT B OEEILO Bz,
MHC %5 OHREBFFFBO A TREA+FT,
RAMBRLEDOBT LRIZNEFSFHRETHARLED
CDBHTF LA ZIILD, ~BOBPNE S FD
HEEAPLETHEY, BLLD, ARKENEBAL
LRI EEND, MBELCELRELECBIIS
TH#IfE, BHIRR, HFIRRABROMEERZRE 7 I
AMIZTR T, BMRIX, 0% FOHESFO K
Er D, RN TCHILGBINAEEoEELR L
HoOWOLEELDRAL, HHILOMRRICA>TTH
far6nEs 2o, M, PIRRRERICERE
NAHEREAY) IRTF FE MHC classI 5+ &
FRBHMLA-CDA T HIRAATEMRIL SN B Z L CHRIE
Ricifc#+20THhs,

VI. HERREER

FEPLLLRBRT 20, ZZ CHRERRER L X
% B2, Fhid MHC class I % # B8 221 (=
ERATHMROBEE ). ERBLIRON L,
FHIE LT, EEMICMHC class 1 # #8454
707y a A RUERFHBEE . HiEkR
(dendritic cells), I > ¥ A4k, BAK, %
NCBES IO 7 7=V 0—8Bh EHTRICHY
T5, HHHYT (BLOPE4 9 —T7200 54
L2HE) TOHclassIFFERBTHIDHHD,
Zhid/ vy 7a 7z vy a FIVERETRARE E FEh
%, MENKHR, 555 /94 b, HHEFMRBRL &
PHLYT D, BIED REFOBFFICBNTERD,
[HFRTHBEA a— V=077, #bFH
h | oM DEBERLIEDDBH, ZDLII
BRETHILIZIENTHS,

4 D5 4 7OHFRFABRO T AREHELEI,
BT H A BB S FoRBAECEEINhTHES,
BERDBHROHFRRARTHELEZLATY
208 TH B4, ZOREIERLDERY
RELSEZ, oI, FERSEHBTICBIT3HERY

BRI LTER N LOTH Y, SRAELERR
TEHVERER b EET 3, HERTEROREY
b OIKARTH S LED & LIEE LA, Bk
MRRARILRAR TS A LES L, 1, LFLD
EHETIIRV, ERNICFEETLZI 7MWy AHR
REUFRTIEY AT 2 BRMARO—2DETHD L
AHNTVA®, BEIMD, i 2 RGEEEICSIT
ZEELHFERTENCH B, RS ¥/ BOKRE
MRS S BT 5 BRI, HRSEAEALT
WE L CRERAR LMD AR, THRICRTF P
KERTEY, /7072y ¥ a+ VHERTME
T, £ DEHETHHFIFORBIATITH S,
R OB FURS A ARSI, TR GRS 5
DEILHIC, EBREN (7FY—) 2HHTL0,-
Zho DIt LA RIS % 8IS I 5 Wik
MEZLNDY,

X. &SribEkEds@iRIc -7

BEICHIE & R /-8, JUREASY Y S HTHLGE,
EOB#T I~ T, 73 /B0 1 KEFO
—BTHRIATEL 4 T, 3K 4 ROBKMEC
KETD5 47D DOFFEET S, BiHIL, linear
epitope, sequential epitope, continuous epitope %
ELiks ZIBEh, %12 conformational epitope,
discontinuous epitope %2 &L IHEN S, WD
ATH, HTFHRRTIOBTE b — T
BELORKETHS Z LITBVIEE WA, 2oOiELED
RS, 1 BICBI oY) IRTSF FCEBTES
BbdHoH, TITLrVEELH 2,

WEE, FONIBRBOIE =T ¥ T8
BAATDNTE T, IEWROLYE b —TRF7ET
Y MR TENE, ERLEOEMTEEL R
T WRERTIFUPERTELEVI LI, b
AniHDRERREZIE L~ THHFRMCHBL LS
EVSEH L, BEMRERELERTSLTCOR
ATHb, tNOARTHEAINTE - FERIT,
SDS-PAGE BBI#O A A 7 70y bR, SHA—/—
Sy ¥ IRTF FERVELDE LHHRLTH S,
INHOFERIITHR T - TOREIZITAEDE
#:6N5500, BHARIE F—FizonTig,
linear BTV b= FICLAPHRIETEL WV, bHBHA
linear T¥ b— 72 & » TRFEISE T XHRHICHE
TELHENDHY, T0OL) LHRIIANHRESNTE
724, L L, conformational Z¥ b — 72k
HHENREMICEETH Y, linear =¥ b —T7id
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BERMICEMETHL2HE80H 5, Fl2IE, Vo<F
HEEHRL oMb Y RELAL IR IS — 7 i2xd
ZufER® ™ SLE O—ifIcHifk$ 28 PCNA (pro-
liferating cell nuclear antigen) Hifh% KO B CH
@2 Tid, BREEEREEZY b~ THEEL TR
EFOLEXOLNTWAL, ¥ U7 HAKTIRREW
#, Rikh SLE L OMETH & %P DNA HEOHG
Tb, 148 DNAHETIEZ < 2448 DNA (CR»
I PUECHRERNEEIS DO LN, WEAKRETY,
WifE %2 B & @ Porphyromonas gingivalis #E2%}
TAHHMAEIE, BER) T — I3 T 008
EE/ 7Rt L RV EREShTWAEY,
YV F— b BT MHEE LT, linear epitope &
discontinuous epitope @ HBLMNE % B2Emy, HRH
IRDITFEH D 24, linear 2 b DITMH L2k
REINBLRVWEERSTORTWED, FEHIT- 2
EETYH, VVSF—LR P gingivalis BEZFHT,
RENRER I RHBVZAROBRBELET L5
BiCid, FTROEHRE L TEBRNTHEYS SR AHE
BEMR S - OEEAES A conformational
IE =TT 5 70—yTEDOLNE £ #E
2/,
PAEIPRFZE =70 EMERRET LV
HEIZBV T, HESSHETHRBRETHNILED
ZETHBN, F 7 EDRER, HEHETO
LY ICERC BTV BT AT 5 (folding)
IHE L, BRI b= T FEHRTAHEICLZD
folding pattern 2 BT UNEISH L, ¥ V87K
DOEFFIHRILBEF, T4bE DNA O 1 REHT
HDHNDT, 1XELHIH folding pattern ZHE L TW»
BITLEL, | kMEE 3 kit BT 550
HEROITE I &, HEEYEESIILICDHA
T, 4N ZAERIEL I TERR LI B dDIE
AL HhoTRREWVIZELWL ) THEA, Tk
IREBOERPEONLLDE, FHIRELHE
HFHETWD,
BEEMEOTEN IO LS LB THEDOT, &
2BV THREEKEEI Y~ T2RATET 50
RESLREETIELV, ZALDIIT, KhEROE
23V linear epitope PHFFREN R L LTW Y EITS
NAERMRP oL SEZ DD, BREEEKRE
BrEb—-FICHTAHRLBEIHRITIOATE
huw T bhRMT MR, s hoilEs
WMEDEHLBHALT, BRI 7 F HARDIOOL
h &R BEEDLTHERL T MBITE NV,

X. b4

RIEROTFERMICBNT, yON7EHEEDO LK
PO ARECOBENEDL ) 2BEREHEDLONE
i, URERROMEL D20, BERI SIS
BLETEEEN L WERbN AR LB HMEICE
HL72b D Thb, HITKEEEICAZELA-19834E L)
#—H L CREE, PCOHHEEEICEDLTFERICH
boTEZDLNTHEY, FIEIEDLLFICERL
DYMHEBEIEDL Y (BEKREELE—~TFBk
%) TOHE, HARRL OO LML R
RERAEDLEBuhol. FALBELHST, HHD
WEREZEC LT RoRH+E+IcEmEEL &L
7oh, FRIEVS EPAMEN LB IChoTLES
12& 50 H 5 ) BIFERE W,

RS

BERZDICHI), BEOREEBFATES L
FEERRRAOBEECHLB L LTS, $480%5
TR % 85 - 2o F R A, b B — B R
HWLETS, FMICHT L BEEOHERRIE, L
L T REFH IR A E I B Ul R BT
#, FHEABBROLOT, BRERZFRELHER
RIEFMFHE (HEFHBIR) L OKEIFRICLS
bOTHY, MERO—BRIABEHEHER
(No.07857135, 08877282, 09671924) #» HBIE % ¥
el LEHBLIRR 5o WX, FRMHPEPICEIEL A
EHLICIRE BT SETHE LV,
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Abstract:

A conventional notion regarding “ethics” and “natural science” is that they are
fundamentally different intellectual disciplines, in which “ethics” is the study of values
dealing with the concepts of “ought” or “should” (rooted in the dichotomous of “good /
evil” or “right/wrong”), while “natural science” is value-free research which attempts
to deal with “is,” “facts,” or phenomena.

This article argues that the above view is one-sided if examined from an Early
Buddhist perspective. The Early Buddhist canonical texts introduced an ethical system
that was non-prescriptive and non-judgmental that dealt with “is” without utilizing
concepts or terms that connote “good/evil.” They explained its moral system by the
notion of “health” by utilizing the law of causality obtained through direct observation
of phenomena. These texts not only presented a moral system based upon the principle
of causality, but also enjoined others to experiment, examine, verify, realize, and repli-
cate it. This article discusses some similarities and differences between the Early Bud-
dhist methodologies and those of contemporary dental/medical science. For Early
Buddhists, “health” meant “mental health,” while for dentistry or medicine it means
“oral or physical health.” For the former, the goal was the “normalization” of mental
functions that “normalize ethical behavior,” while for the latter it is the “normaliza-
tion” of oral or physical functions.

In conclution, this article demonstrates how Early Buddhists used ethics as a
scientific discipline to understand the nature of the ethical world and that it was not
different from other scientific discplines that are applied to the physical world today.
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Introduction

For students of the Buddhist Pali Nikaya texts,
it is surprising to find the following statement at
the very outset of the article under the entry of
“ethics” as representing the scope of ethics in the
Encyplopaedia of Religion and Ethics, the most
authoritative encyclopedia in the area of the study

regarding ethics and religion:

Everything may be looked at from two
different points of view. We may take it
simply as it is, seeking to discover how it
came to be the thing it is, and how it is
related to other things; or we may com-
pare it with some ideal of what it ought
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to be . . . Corresponding to these two as-
pects of things, which we may call respec-
tively fact and ideal, we have two kinds of
sciences -- those which concern themselves
with the description and explanation of
things as they are, and those which con-
cern themselves with our judgments upon
them. The former class has sometimes
been called ‘natural,’ the latter ‘norma-
tive’ or, as is better, ‘critical’ sciences.
Ethics is critical in the sense explained.’

Setting aside a philosophical discussions of ethics,
the above statement seems generally representa-
tive of a conventional perception of ethics that is
widely accepted in the arena of Western ethics
even today.’ The underlying view is that ethics and
natural science or physical science are two
different sciences or intellectual disciplines.' In
such a paradigm, ethics is seen as a value judg-
ment that attempts to deal with “normative” or
“ought,”® while science is as a value-free research
that attempts to deal with “is” or phenomena.
Thus, it is believed that the fields of research of
ethics and science are fundamentally different
from each other. The implication seems to be that
ethics neither can nor should deal with scientific
approaches and that science neither can nor
should deal with ethical approaches. The purpose
of this paper is (A) to show how the system of
Early Buddhist ethics differs from the common
notion of Western ethics and (B) to emphasize
that mutual cooperation between ethics and sci-
ence is needed.

Let us suppose that there is a system of ethics
that is not directly a value judgment and primar-
ily deals with “is.” In this ethics, first of all, one
does not find concepts of “good/evil” or terms
that connote “good/evil.” This ethics utilizes the
principle of causal conditionality, as the basis of
its moral system. Also suppose that this ethics, in
providing its ethical principles and its moral sys-
tem, utilizes factual knowledge obtained through
such methodologies as direct observation, experi-
mentation, verification and replication in search

of ethical truth or ethical facts. In this paradigm,
ethics and science are regarded as similar intellec-
tual disciplines with similar fact-finding meth-
ods.

These ideas are not awkward or surprising to
those who understand ethics as Early Buddhists®
did. On the contrary, students of Early Buddhist
ethics, and perhaps Early Buddhists themselves,
had they known the concept of science, would
likely consider this dichotomy between science and
ethics as unrealistic and undesirable, and they
would likewise consider the above cited statement
of the famous encyclopedia as inapplicable to
Buddhist ethics. For them, science and ethics
would hardly be regarded as two different intel-
lectual disciplines.

Indeed, significant resemblances of approach
and methodology between Early Buddhism and
science have been noticed, so much so, that Bud-
dhism is presented as empiricism by some schol-
ars.” The Buddhist empiricism thesis and its
controversy are ongoing.! Unfortunately, how-
ever, these arguments and discussions are solely
in a philosophical vein. They discuss subjects such
as incarnation after life, extra-sensory perception
or reidentificaiton of a deceased person. None of
these discussions have focused on the psychologi-
cal and ethical perspective of Buddhism, the main
emphasis of Early Buddhism.

Since the mid-19th century, in the field of sci-
ence, close observation and experimentation have
been considered as “the central plank of all scien-
tific work.”? But, on the other hand, a rigorous ex-
perimental testing of a scientist’s hypotheses
themselves also began to be emphasized.” Today,
scientific research is defined as “a mixture . . . of
logical construction and empirical observation,
these comoponents standing in a roughly dialecti-
cal relation,”” and modern science is perceived as
“far more a form of enquiry into natural phenom-
ena.”” Thomas S. Kuhn states that the traditional
theorem of the separation of “is” and “ought” is,
in practice, no longer honored.” Indeed, in the
field of modern science, the above dichotonomical
perspective of phenomena or reality began to be
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perceived as no longer acceptable. Now, it is even
said that “to call science ‘knowledge,’” with the
implication of certainty, is an idea long past its
prime.”" One may even see the replacement of sci-
entific realism with scientific relativism, ques-
tioning the possibility of objectivity in any
scientific endeavour.” In considering these circum-
stances, it is interesting that Early Buddhists util-
ized the similar scientific methodologies in
obtaining knowledge of ethics (Dhamma) to solve
the human problems and formulated the moral
system, and yet claimed universality of Dhamma
beyond the historical context.

This essay will analytically examine the meth-
odologies and approaches that Buddhists utilized
in presenting Dhamma, particularly the Dhamma
of ethics. The examination may open a new per-
spective not only on the Buddhist empiricism
thesis, but also on a new relationship between
ethics and science that may embody a potential
unity of these two intellectual disciplines. Such an
examination will not only directly and indirectly
recast the entire Buddhist tradition itself in a
broader context, but also raise some fundamental
questions about the study of religion in general.

This essay is neither a comparative study of sci-
ence and Buddhism nor of Western ethics and
Buddhist ethics. This paper limits the scope of its
examination to some basic similarities observable
in the methodologies that both Buddhism and
science adopt in search of truth. Further, when-
ever the term “Buddhism” is used in this essay, it
refers to the Buddhism depicted in the Pali Nikaya
texts, which is known as Early Buddhism. Al-
though to some the term “Early Buddhism” may
suggest an ancient form of Buddhism no longer
extant, “Early Buddhism” is still studied and
followed as a living tradition in contemporary
Therevada Buddhist countries such as Sri Lanka,
Burma or Thailand. While the Theravada Bud-
dhist tradition embodies the later commentaries,
the present essay focuses exclusively on the Pali
Nikdya texts.

I. Early Buddhist Position towards Their Texts

1. Texts as People’s Records: Non-Revelatory
Texts

The Pali Nikaya texts as “religious texts” have
several distinctive characteristics. First of all, for
the Pali Nikaya authors, language was strictly a
tool for communication. The Buddha is said to
have discouraged the habit of regarding his words
as sacrosanct and forbidden their “Sanskritiza-
tion” and chanting after the Vedic manner.”
Secondly, the Pali Nikaya texts are people’s
records: They are not only record of words of the
Buddha but also of his disciples and followers. In
the Saccavibhanga sutta, for example, the Buddha,
after giving a short talk, goes away, and then, his
disciple, Sariputta, elaborates on what the
Buddha said. On many other occations, when his
disciples (including house-holders or their wives)
make a sensible statement, the Buddha applauds
and approves by saying, “Well said” or “If I said
it, I would have said it in exactly the same
way.”" Thirdly, the Nika@ya texts themselves pro-
claim a delimitation on the value of the texts, by
using the stock phrase “Thus is heard by me”
(evam me sutam),” instead of “The Buddha said
..." at the beginning of each sutta. This is tanta-
mount to an admission by the authors of the texts
that these texts are, so to speak, second-hand in-
formation (teachings).” They abandon the claim
of “authority” of a “sacred” text or even the
claim to be direct records of the “word of the
Buddha” (buddhavacanam). The stock phrase is
also employed to distinguish the Buddhist texts
from other religious texts. In the Mah@yana lit-
erature, however, the same stock phrase, “evam
me sutam,” is adopted rather to denote that the
sutras in the texts are the direct teaching of the
Buddha himself.” Fourth, since they are second-
hand information (teachings), the Nikaya
authors deemed it necessary to have criteria for
making these texts as accurate as possible so that
they could become as close as possible to the first-
hand information given by the Buddha himself.
Buddhist Councils, which were carried on from
time to time during the period of oral tradition,
were conducted to seek agreement in justifying the
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use of the above stock phrase of “Thus is heard by
me” (evam me sutam). They established a certain
set of criteria for the approval and acceptance of
a particular teaching as Dhamma, qualified to be
introduced by “evam me sutam.” The sutta calls
this set of criteria “mah@padesa” (“great authori-
ties” or “true authorities”).” The compilers of the
texts must have regarded such a procedure as
necessary to avoid the confusion or misquotation
that students of later generations might become
liable to.

The above mentioned characteristics of the texts
show that the Pali Nikdya texts do not claim to be
a revelation. Buddhism differs from the Vedic
tradition which gained its authority through
belief in divine revelation. They also indicate that
the Early Buddhists’ primary concern regarding
their texts was precision, accuracy and clarity of
the literary contents. Unlike the later canonical
texts of Mahayana Buddhism, the Pali Nikaya
texts are written with substantial coherency and
unity on doctrinal issues with prosaic and simple
expression. The notion of nibbana, for example,
the ultimate goal of the teachings of the Buddha,
as it appears in the Pali Nikdya texts, is not meta-
physical, mystical or symbolic.” These aspects are
also closely related to the issue of interpretation
of the texts.

2. Freedom of Interpretation

The Pali Nikaya texts themselves did incorporate
some minimal guidelines for disputation over the
doctrine with regard to textual interpretation of
meanings and words. The Kinti sutta,® for
example, presents a very basic criterion of
interpretation: Dhamma is for the purpose of
ending suffering. Dhamma is not practiced in
expectation of future happy existence or for the
sake of material gain. Another sutta offers basic
misconceptions (vipallasas) which should be
avoided in reading: (1) To hold that there is
permanence when there is impermanence; (2) to
hold that there is happiness when there is
suffering; (3) to hold that there is substantiality
where there is no substantiality; and (4) to hold

that there is pleasantness in that which is foul.®
All of these are so basic and essential, and, conse-
quently, so definitive and clear-cut that they seem
targetted against gross misreadings rather than
guidelines for interpretation. The implication
seems to be that Buddhists have almost no interest
in engaging in textual exegesis and interpretation.
The purpose of setting these criteria is to elimi-
nate erroneous reading of the text and/or to guide
the reader to a correct comprehention of the texts,
instead of formulating sophisticated strategies of
interpretations. One may even say that Early
Buddhists allow freedom of interpretations,
except for fundamental mis-understandings and
mis-readings. This aspect is noteworthy in the
context of a strong interest in hermeneutical
issues of the later Mahidyana literature and also of
the current academic interest of modern Western
hermeneutics.

Early Buddhsits' lack of attention to interpreta-
tion is clear when we compare it with the later
Mahdyanists’ enthusiasm toward interpretation.
As Peter Gregory states, for Chinese Buddhists,
interpreting the various teachings became “more
urgent and, at the same time, more complex as
Buddhism developed doctrinally and spread geo-
graphically.”® The situation that necessitated
complicated hermeneutical strategies arose from
various conditions:

The hermeneutical problem as it pre-
sented itself to Chinese Buddhism was
how the bewildering welter of teachings
to which they were heir could be recon-
ciled with one another into a single, co-
herent, internally consistent, doctrinal
whole. The problem was at once more
pressing and more complicated for the
Chinese than for their Indian brethren.
The different sects that arose in India
were all an organic part of the evolving
cultural matrix out of which Buddhism
developed. Even though they often dis-
puted with one another, they could all
claim some form of linkage to the histori-
cal Buddha. The cultural and historical
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continuity made it unnecessary for them
to account for the teachings of the other
sects in a systematic fashion. In China,
however, Buddhism was very much an
alien religion that violated many of the
most central values of Chinese culture. It
therefore continually had to justify its
presence within Chinese society. Further-
more, since the scriptures contained in the
diverse collection introduced into China
were all believed to have been spoken by
the Buddha, and were thus all sacred as
the Buddha’s word (Buddhavacana), Chi-
nese Buddhists felt compelled to devise a
systematic framework to account for the
tradition as a whole.”

Apparently, the later Mahayana literature pre-
sented different problems of interpretation from
those of the Early Buddhist literature. However,
these historical, cultural, geographical and tex-
tual reasons for the Early Buddhists’ lack of inter-
est in interpretation seem subordinate to a major
cause, the Early Buddhists’ scientific methodolo-
gies and approaches to Dhamma. We will come
back to this issue later.

3. Freedom from Interpretation

Early Buddhists regarded interpretation as
nothing but a distortion of information, albeit
mostly unconscious.” According to them, due to
the interpretive mechanism of ordinary human
consciousness, so-called understanding is
problematic by nature. The Pali Nikdya’s position
is that interpretation or distortion of information
is caused not by external factors, such as
historical/social factors, but by one’s own mental
activity called sankhd@ra. Sankh@ra is the function
of mind that is accumulating, editing, and inter-
preting in-coming information. The goal to which
the Pali Nikaya texts aspire is defined as seeing
“phenomenon as it comes to be” or seeing
“phenomenon as it is” (yathabhiita), seeing
phenomenon without interpretation. Yathabhiita
f@na (the knowledge of yathabhiita) is the highest

knowledge of seeing phenomenon, being com-
pletely freed from interpretation. Early Buddhists
have a suspicion of interpretation and aspire to be
free from any sort of interpretation in order to see
reality as it comes to be or as it is. For them,
interpretation is a problem not only in the realm
of intellectual discipline, but in the existential and
soteriological sphere.

4. Rejection of Belief, Pure Logic, Reason,
Texts, Authority, Tradition, Respect, etc.
Buddhism does not consider itself a belief-
system. It exhorts one to be suspicious not only of
belief,” but also of reason, tradition, reports,
texts, or scriptural authority. The Kesamutti
sutta, known also as Kalama sutta, clearly
articulates this position. The Buddha is reputed to
have answered as follows, being asked about the
criterion for evaluating a certain theory, by the
people of Kalama, who were said to be highly
intellectual:
Be ye not misled by reports or traditions
or hearsay. Be not misled by proficiency
in collections [on the authority of the
scriptures], nor by mere logic or infer-
ence, nor after considering reasons, nor
after reflection on and approval of some
theory, nor because it fits becoming
[seeming possibilities], nor out of respect
for a recluse (who holds the idea). But,
Kalamas, when you know for yourselves
that certain things are unprofitable, un-
wholesome, blameworthy, censured by
the wise; these things, when performed
and undertaken, conduce to loss and
sorrow, then reject them: when you
know for yourselves that certain things
are profitable, wholesome, blameless,
praised by the wise; these things, when
performed and undertaken, conduce to
profit and happiness, then abide therein
[Emphasis added].”

The passage describes the four steps in evaluating
and accepting a certain theory: (1) One evaluates






