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Table 1 Amino acid substitutions in insulins
of beef and pork as compared
with mouse insulin

Amino acid positions

A chain B chain
4 8 9 10 3 30
Mouse Asp | Thr | Ser He | Lys | Ser

Species

Accepted: October 16, 1985. Beef Glu | Ala | Ser | Val | Asn | Ala
Abbreviations: APC antigen presenting cells; Pork Glu | Thr | Ser | lle | Asn | Ala
B6 C57BL/6; CFA complete Freund's ad- Sequence differences are represented in gpmparison

OVA ovalbumin; PPD purified
TCGF T cell growth factor

juvant;
protein derivative;

with the amino acid sequence of both forms of mouse
insulin,
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HEETV v "By r7e—=v 735 HENEY
LY, TV v2¥D4 population #FH L -0 Tt
BTEhh - i@ %, §4T Vv HKoze—-vo
VALV TRERET D ENAREE s 5, H 42, soft
agar ¥ L T2 v — = v 7 %47 5 7 (B10.AXB6.C-

CH2™2) FERDOY oA vy a) VERHT Y v
¥rze—-vxBWT, ZOF, hybrids DT U v <&
B VA YA ) DL ES2ODRE S
antigenic determinants #2315 = L ¥ B 5 hic L
DTHRET S,

¥ LUK

1. =7 A B6& B10.A =7 AL, Jackson Labo-
ratory X DA L7, (B10.A x B6.C-H-2°™2)F, 3,
BAOMRETHH, AELLIDTHD, TXTo
<7 AR S -12EBMOMRFER LI,

2. R (v A vva )y v T a4 vy a ) v,
Novo Research Institute #:J b A L7, purified
protein derivative of tuberculin (PPD) %, Con-
naught Medical Research Laboratory 736, #7-
ovalbumin (OVANZ, Miles Laboratories X h AL
<.

3. antigen presenting cells (APC): F# -~ Al
B %2000 rads HHERBH L TAPC L LA L
1z, T O viability B ERST%LETH - 1o,

4. %% | complete Freund’s adjuvant (CFA)% A
VWTorAvra) v100pug/mouse £ 5 L 512, &
RERVEBRBOE FTCHEL 1,

5. TV RO /e —=vy BB THBIC~
VAEERRL, TRV v @y ERIHL, 714 vh
FARBBEIRTT Y v <HREBELL, 24 well
plate wFiv:, T T U v 23 1-2 X10¢/well R
DFEFZAPCEY v A v ra ) v l00ug/ml & 125
Loz, 31C, 5%CO, Tk L, 5 HEKE
UMk %, 6well plate # LT 1-2 X10%/well
L, CThEZRBDORIFZRAPCEY oA vra) vk
nzBE soft agar A THB L., 3NS5 HE
soft agar HCISE S 1v7: colonies B EE FCH b
HU, AFRAPCEY A v a2y vdmz10% T
cell growth factor (TCGF) ofFHETFCEELT, T
VIS - F R . Y

6. TCGF [ EL-4 1.5x10°/ml % phorbol myris-
tate acetate  Fl\  THIB L T 5 #7 supernatant
* TCGF & LC#ER L,

7. TV “HKOWBEORE  fFETHBED =
Amb ) VAHIRREL, FMevh s AahERARR
THLRAT YV v 23R4 x 10°%[F%D APC1X10°&
FICERELL, 4TV ARz e —vrHLicRs
Wi, SXIPDT Y v K7 v—v #1X10°0D A%
APC 0% TCGF AT THE LA, T Y vt
B2 v — v o viability {390% Ll ECH - 7=, Harvest
o 18F# 1Al 123 H-thymidine % hnx, 96K§fd] B DNA
HEU DA ¥ hA*H-thymidine * BIET 22 &0k b,
T ¥ v B ® proliferative response ¥ & L 7-.

Table 2 Complementation in T lymphocyte proliferative
responses to beef insulin

3H-thymidine incorporation (cpm)
Strain
Medium Beef insulin PPD
Bl10.A 990+173 3019+148 37136+ 427
B6.C-H-2vm2 679+326 5549+ 140 33890+4169
(B10.A X B6.C-H-2"™12) F, 8374183 22498 +894 39443+2834

Mice were immunized with 100xg of beef insulin in CFA in hind footpads and at the
base of the tail. Seven days after immunization, T lymphocytes from draining lymph
nodes were collected and cultured in flat-bottomed well microtiter plates at 4 X 10° cells/
well with 1X 10°® syngeneic irradiated spleen cells as the source of antigen presenting cells.
The cultures were incubated at 37°C and 5% CO, in air for 4 days. *H-thymidine was
added 18 to 24 hours before harvesting. Each experimental point represents the average
of triplicate cultures. (» <0.01)
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1. B10.A, B6.C-H-2°"2% & U°(B10.A X B6.C-H-2%m2
F~o2B¥0T YV v By oAvea) vtk
T % proliferative response

B10.A, B6.C-H-2"™?3s X 18(B10.A X B6. C-H-2°™'2)
Fi=v A CFAZRVWTY A voa) vTREL
fo. THEWCY v A@iYROEL, FMIevhTak
BAIRTT )V v E2B. 20T Y v 5R4X10°
IX1PORFAPC $ i UEFHET CHEL, 4
HH DNA 28I LA, Table 2itT L 21
B10.A & B6.C-H-2""20> T y v 38, o o 1 v
Ya ) VR LTRERETH 1D, 5—H0%
BZHETH5 PPD o L Cxsdi< BET5 &2 Ao
b, >4 v>al) e L Tlowresponder TH 3
EMFERENK, —HIomEOMO F, hybrids
high responder T4 b, gene complementation ¥ ¥
TLTw530EEBbhs,

2. (BI0.AXB6.C-H2™H)F H¥X Y v 1 v>al
v 7w — v OHERRE

(B10.A X B6.C-H-2"™2)F, 13,
%f L C high responder & /5% Z & AAER I 1D T,
Z® (BI0.AXB6.C-H-2™)F X by fvray v
BEKT YV vABKore—=v7%RAAt, CFA L
oo a vy ) v TREIR-(B10.AXB6.C-H-
2MOF, DT Y v F%, invitro Ty (4 v>al
VERIRELTZ v —= v 7 %fT75 &, Table 3ILiR¥
o, Bohte TV VA Ze—vDTTLY >
Avea ) v LTRIBE LY, ) —HOoRKE

DA val) v

HovArval vy T Vv r7e—v

Table 3 Antigen specificity of (B10.A X
B6.C-H-2°™'%)F, beef insulin clones

Clone *H-thymidine incorporation (cpm)

No. Medium Beef insulin PPD ovA
1 4154+ 727 58302 +2332 1676+ 245 37234331
2 1982+ 461 2078112720 853+ 286 8024138
3 756 + 399 9469 +471 404 £219 936+289
4 322+28 8385+ 1079 97383 398+ 76
5 51721651 58002 +5012 1372+93 4058 +779
6 10917+1528 | 113149+2828 | 3302+571 | 8244+627
7 25431745 34551+ 3355 1466 + 275 27594631
8 11385+ 405 93623 +9749 5246+ 538 8777+430
9 2690+ 455 54145+ 6622 930+ 86 1561+247

i0 785+55 2883+ 169 456+ 225 236+43

11 2015+ 175 60906+ 5481 552+ 73 756 +153

5X10° cloned cells were cultured with 1X10° syngeneic
irradiated spleen cells as the source of antigen presenting
cells in the presence of 10% TCGF and the appropriate
antigens. Thymidine incorporation was measured on day
4. (p<0.012

HETHAHPPD KLU, 2 ELETH -1, ¥
foohnbo =2 23 OVA 2 high responder T %
», BB OVAFERXFER LT b ied, WFho
s —vh OVAHRMZL > CTHETSZ Lidshs
o, TRALOER?L, BohicTXTo T ) vAR
sa -V, sa—=v S EREARERETCHEY
A vra ) VICBRETHDHZ LB IR,

3. vA vy ) VREENT Y vk e -V
XBv >4 vay) v5F ko antigenic deter
minants @ 817

(B1.AXB6.C-H- 2™ F ik 0 TV v - K 7

Table 4 Proliferative response of beef insulin specific (B10.A X
B6.C-H-2°™2) F, T lymphocyte clones to beef and pork insulins

Clone 3H-thymidine incorporation (cpm) . o
No. - - - - - Antigen specificity
Medium Beef insulin Pork insulin
1 7093+ 1134 57141+4114 34338 +729 Beef & Pork insulin
2 117401+ 1056 90174 +5164 5261814735 Beef & Pork insulin
3 5440+ 1184 38255+ 3722 25889423 Beef & Pork insulin
4 299+54 9307 +825 2425+ 156 Beef & Pork insulin
5 1495+ 30 24960+ 2464 10770+ 1163 Beef & Pork insulin
6 93871431 11027518305 28757+ 1634 Beef & Pork insulin
7 371+112 10676 720 2657 +120 Beef & Pork insulin
8 6979+ 531 8175549015 45165+2711 Beef & Pork insulin
g 2015+230 6187514010 16965+ 1321 Beef & Pork insulin
10 929+73 3599+209 725485 Beef insulin
11 3769+ 425 55386 + 3042 3457+ 268 Beef insulin

Experimental conditions were the same as in Table 3. (»<0.01)
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hic. L LIehib, RO s e —vid, o f vy a
) VOLTHEBMINT 24 vy 2 ) v TRBIE I R
mole, ThHLDERMG, (B10.AXB6.C-H-2212)F,
BEOT VvV BRI, 9o vea) VICHEEL T2
AV 2 ) YRFELIWEfLE, v b 72 omE
DAV Y2 ) VEHBTEWEOL L &b 20%
antigenic determinants & L TEREL 5 5 = & HEE88
aht,

2

AFORBFICET B HEROES D, REEC
53+ oMy, &40 —v DUV ATEFTA
ERARRIC LA,

#Xk (BIOLAXB6.C-H-2™)F k0 T U v B
i, 9vAvra Y7 s4vea) vOESS
TH»5 B chain ¥ B#THL0 L BRI h TV 109,
SOOI LR, T Y VB4 population 2 # A L 1=
B, 9vAvva ) vPHC T EA v a Y VR E
RELTERLTHTY v B o proliferative
response BRI NDLZ LN LBLhELDOTH-
122, SEIOH A DERMD, Yo vy a ) VIZHE
L7 A v a ) VEBEELEWEBSCTH5 A chain
loop (A8-A10) % antigenic determinant & L -C305%
Thrze—vE, 9oE78D 4 vyay vicdEmT
LI THBY M2 ) v AAXE B chain %
antigenic determinant & L TR&# T2 2850 /
PVORETHIENEOENE ot L Licht
b, Lo/ 8 - VOERRETOUEY - OEB»
DEETHC L TERL., UL soft agar HTH
B & hte colonies % at random IZHUh H L -t 8 ¢
B BEOT Vv Bre—vplvrvbT 24V a
YYORBRAEBZEL T\, oL, T Y v
“*BRoD4 population 23, Do b FAHEDAL v o2 )
YIGER R LI LR I BBLY 24D TH B,
Chbnz e —vid, RECEEVIA, invitro T
RBER U feds o 2o BUR PPD IS L TS L 72 0

1. CDZ LR, PPDRBRETHIT IV VA —v
in vitro TRIRT A2 HENEE L » oo dic 7
Re=VI/ORBTHEBETEIRESRLLDEED
ha,

=V ADRBIGE Y ZE TS immune response
gene DMRAERE E~DFEHEH, 1 region associated
JORMETHAZ EDBTFRIATBD, Lizdis T,
HOHED la EAHREB ELCEBL TV 505
DB, BERFHT BRI EOREYRETS L
DEEZLRS, KT A v ) v BT ECHE
L, 7842 ) VIZEELRCEBEITH D Y o 1
v a ) O A chain loop (A8-A10) 54+ 25 4%
IGEE, T Y v <8 proliferative response®$ B ¥
v SERIZ X % plaque formation®? % 3tic, H-2°~ w =
% private specificity D —2>T % % 1aW39D K3
—RTHIENREhT &,

la W3 DRERIL, Vi L4 20DBEFIE -
FEEIRTVWBZENRPELEMT IR T LB, o3,
MR EHETH S X chromosome i 558519,
[aW3IDHREE E~ORBLFE L5, Lic
DoT, xid ¥ KB T 5~ v 2T, 1a. W39 cyto-
plasm A TEX I TH, RFEECEEB AL
WIKREIC B B, B6.C-H-2°"2= % 241, X chromosome
REFHTHAHL, [AWIRBRBE I TUViWS, T
H, 1a.W39%F % code T % B T 7 mutation i X
HYHELILEEZHRB®, 20 51 mutation % 33
CLAB6C-H2™2 = 2T, voqvealyvio
T HREISED, £FET Y v Eo proliferative
response RHAEEALTRIB O TP EL T
59 BIOA=T AW, 9o R8IV T84V al) i
Xt LT low responder T H ¥, 1> 1aW394 B L
TWIeW9 Zo LS~y ZAnbELhi (BIO.
AXB6.C-H-2°™2)F, i, 1a.W39 negative D% ¥ T3
BB, PYBIVTEA V2 ) i LT high re-
sponder & 7¢ b, gene complementation 3= LT \-
L5bDEEZOLNDYY, ZOKEYRET L DT,
(BIO.AXB6.C-H-2>™)F Bk T Y v 28RiL, o>
BIUVT 24 vy a) voRFHECHD Behain %
FRBREEL LTEBTHELAY, £ LT laW39%
Fiohuvw=9 213, 94 vea)vo A chain loop
ZRBTERVEVCOURDTBEF > TELS,

L2 L7enih, 1a.W39 negative T2 % (B10.A X BS.
C-H-22"")F, ik O HUFRGEERE A, v oA v ay
v A chainloop (A8-A10) ¥ T ¥V v BRI#ixL
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W3 o latiE s w42y oA chain
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LML LEARERICL - T, EOEREY 2H
2 LT, [aW3DRERHRLE Y42 a ) D Achain
loop DRBOICKF ICHELBGRD I Z LA GEHR
i,

& &

1. BI10A 53X 0'B6.C-H-2""2= & xi23tic o v A
viia ) VI LT lowresponder TH 545, LD
Ziw2i¥7 5 F, hybrids X high responder & 729,
gene complementation ¥ 8 Z L T\W5 D EEZD
s,

2. (BIO.AXB6.C-H-2"™H)F Hkv 1 val)
VERHT IV VAR Ze -3, 9o 4 vra ) v
Ftod i< &b 2 o0 antigenic determinants *
BALYB, —2F, v A vra) vk TsLAvva
Y vi2#E 3% non A loop XiL B chain T3 9, b
5—HE, vrAvya ) VRFEELT A Vval
VIZFFTEL 72\ A chain loop (A8-A10) TH 5.
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CLONAL ANALYSIS OF THE ANTIGENIC DETERMINANTS IN THE RESPONSE
OF (B10.A x B6.C-H-2™"F, HYBRIDS TO BEEF INSULIN

Sachio Kanamori, Taiji Nishimura and Masao Akimoto
S Department of Urology, Nippon Medical School
Kozo Yokomuro
Department of Microbiology and Immunology, Nippon Medical School

One point mutation in the I-A subregion of C57BL/6 major histocompatibility complex causes the mutant, B6.C-H-
2"™" to lose its ability to respond to beef insulin. F, hybrids of two nonresponder mice, B10.A and B6.C-H-2"™"% were
found to be good responders to beef insulin suggesting gene complementation. T cell clones were isolated from (B10.A
\ x B6.C-H-2>"")F, mice that had been immunized with beef insulin. These F, T cell clones responded to beef insulin
but not the other immunized antigen, PPD, or the unrelated antigen, OVA. When these clones were tested with the
antigen pork insulin, which differs from beef insulin only in the animo acids in positions A8-A10 (A chain loop), a few
clones failed to respond. From this we can say that these clones recognize an insulin determinant associated with the A
chain loop. The remaining T cell clones responded to beef or pork insulin and therefore can be said to recognize a non-
A chain loop determinant (A4 or B chain). Recognition of A chain loop on the beef insulin molecule is unrelated to the
expression of Ia. W39 on antigen presenting cells because these F 1 mice do not express Ia. W39 on their cell surfaces.
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