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Antibody affinity maturation plays an essential role during an immune response, resulting in the generation of
highly matured antibodies. It is well known that the antigen-binding mechanism varies during the maturation process.
The well-shaped form for antigen-binding is often favored in matured antibodies and enables them to bind to antigens
with high affinity. However, molecular insight into the correlation between antigen-binding and affinity maturation is
limited. This information could be useful for the elucidation of an immunological response. It has been previously shown
that at least two antibody types are secreted after immunization with (4-hydroxy-3-nitrophenyl)acetyl (NP). One of the
antibody types appeared during an early stage of the immune response, while the second type appeared at a late stage of
immunization. A key residue of these antibodies is located at position 95 on the heavy chain; the former type has Tyr
(Tyr%-type) and the latter type has Gly (Gly"™3-type). Although Fv domains of these antibodies were encoded by the
same genes present on variable heavy and light chains, Gly"%-type antibodies have ~10-100 fold higher binding affinity
to NP than those of Tyr'®-type antibodies. We examined the biophysical properties of single-chain Fvs (scFvs) of Tyr!%-
and Gly"%-type antibodies. Antigen-binding and thermal stabilities of scFvs were evaluated using isothermal titration
calorimetry and differential scanning calorimetry, respectively. Thermodynamic analysis enabled us to discuss affinity
maturation and adaptive dynamic nature of the immune response.
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Fig.1 Schematic model of antigen binding of germline and
matured antibodies.
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Fig.2 Design of C6 scFv. Fv domains of anti-NP antibody N1G9
(PDB code, INGP) are shown schematically as an scFv. C
terminus of VL (gray) and N terminus of VH (black) domains
were connected with a (G4S)s linker (dotted line).
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Table1  Thermodynamic parameters of interactions of anti-NP scFv antibodies to NP-Cap.
Ka AG AH TAS
™M™ (kJ-mol ™) (kJ-mol 1) (kJ-mol ™)
N1G9 1.85 (£ 1.32) x 10° -35.4 —46.0+2.6 —-10.6
N1G9-W33L 8.31 (+1.29) x 10° -39.4 —69.2+3.7 -29.8
Co 5.68 (£ 1.60) x 107 —44.2 —52.1+0.8 =79
C6-W33L 1.40 (£ 0.59) x 107 —40.7 —46.0+3.5 =53
The averaged values of two independent measurements with S.D.
(A) _ , (B) : .
Time (min) Time (min)
0 10 20 30 40 0 10 20 30 40
1 1 1 1 1 1 1 1 1
0.0+ 0.0
g -0.24 a5 =0
2 044 2 -0.44
=06+ =2 -0.6-
-0.84 -0.8
-1.0 -1.0-
8 o § oS
5] 5]
20 S ]
= =90
‘-08 =204 c.a i
S 301 = -40+
E OOO E E Q
= -40 = o)
= T T T T T =< -60 T T T T
0 0.5 1.0 15 20 0 0.5 1.0 1.5
Molar Ratio Molar Ratio

Fig.3

ITC profiles and diagram representing interactions between NP and anti-NP scFv antibodies; N1G9 (A) and C6 (B). 100

UM antigen solution was titrated 20 times in 2 pl increments into the 10 WM scFv solution (upper). The data points were obtained
by integration of the peaks in titration profiles (lower), corrected for the dilution heat, and plotted against the molar ratio. The

data were fitted using non-linear least-squares method.
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FNX—Z (AG) & DRRM% Fig.6 |27~ L7z, Germline
FINIGY Db/ SV ATgne 78 L, W33L ZBRITES T
FOMN LR L=, —F, NPIZHT DT 7 4 =F 1 —Dix
B C6 T, ATane i bR E 72D, C6-W33L Tl

T T4 =T 4 — DR T L TAT, e 13N E < IR0 T2,
Z OFERIT, NP FEARFDAG & ATo e & ORI OFE % 7RI2
LTWb, T742bbH, NPHEERHIEKRIND, KEMKE,
T 7 TIVT =)V AT], BOUKPEREAER & o IR
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ZO X DICHURMPRENCAFIET D& F T, Gly™ 4
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Table2  Thermodynamic parameters for thermal denaturation of anti-NP scFv antibodies in the absence or presence of antigen.

CD DSC
T (°C) T4 (°C) AHea (kJ-mol K1)
N1G9 69.3 66.2 395
N1G9 + NP 71.3 68.8 452
N1G9-W33L 64.7 64.0 418
N1G9-W33L + NP 68.9 69.8 493
C6 49.1 48.5+0.1° 3844200
C6 + NP 66.8 67.040.4" 585+ 105"
C6-W33L 482 474+0° 405+ 11°
C6-W33L + NP 61.1 60.240.1" 459 + 43°

2 The analysis of the transition curve to determine the transition temperature (7m) was performed on the basis of two-state transition
model.
b The averaged values of two independent measurements with S.D.

(A) ®)

20 kJ-mol "K' 20 kJ'mol™*-K™!

20 30 40 50 60 70 80 20 30 40 50 60 70 80
Temperature (°C) Temperature (°C)

Fig.4 DSC analyses of scFv antibodies N1G9 (A) and C6 (B)in the absence (solid line) or presence of NP (broken
line) at a molar ratio of 1:10.

(A) (B)
'_‘/'\ v_‘f\
._a -14 '.6
g -1
5 5
o N
g
5 § 2.
& g
o =
S’ S
o o 34,
'S o E
) L b
X X
= o -4
o =
CIT -6 T T T T T E‘ T T T T T T
— 20 30 40 S50 60 70 80 20 30 40 S0 60 70 80
Temperature (°C) Temperature (°C)

Fig.5 Thermal denaturation curves of scFv antibodies N1G9 (A) and C6 (B) in the absence (solid line) or presence
of NP (dotted line) at a molar ratio of 1:10.

B EMWAREL 2 B, BFMMERAPUKO PR GRTIOARZ X, BIROT 7 4 =7 4 — & BET 5 12 DI oK
EL, BIUOPEREZORENMT, EENTORRER  EREENRMEL LY, D ZNUBRHEROARZEIZ D720
ATE BN, TORMEOERI, 5% OMERENEF- B LEMRENTWD, Bko@Y, HiikoyFE#kicB4
na, HET IV — ADORKEE T, PURIIHIEREARE & 2aEht

ABFFETIE, ITC =° DSC & AW =BT 21TV, ORI HRIREN D Z LR ER TN S, 161D 4 [EET
T T4 =T 4 —EATone & OFEBMRZ /R LT, —IC liL7z C6 DA, 77 4 =T 4 — OB TITEAIZERIN
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Fig.6 Plots of —AG values vs AT4. The AG values obtained from
ITC measurements are plotted against A7q, the difference of T4

between free scFv and that in the presence of NP at a molar ratio
of 1:10.
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ERLEMEOE RN TRNTLR CIXRE T, £5 L8
ROLLENFEOERIIMO THEHWEE XD,

APURIZOWTIE, C6 LV @mROT 7 4 =T 4 —%FA L,
X BB EA TR DIFENREINTND, 22 b
PR TIE, B FE 7 AL PORRLT IV BERDON
=28 C6 LITRR->TWD, ITC MIEDH R4S
5 &, PURDORRBWCEE > TAH Z M E&E 5 & 58 g%
BT A= =Rl S TnbbiF Tk, &L
Ay b —0EKEZMEIT 5 L5 RERNA LN
B, B2z NE— 2 b E—ERICLY, BE
BRI DOKREFE R EOBAE W T HIZHECLTYH, &
AEHITEITHBLTLE Y, THOHERIE, BnRofs R
BT O R EXFT2H0THY, PR 2EE
R T2 L HICEAT 5 2 8, FukoyFEbickir
LoD TH D LRI SN D,

ARETIX, B2 & W T2 UR O T il & 7Rk L
Too FEE/NT A—H — L BE®ROT — X ZlAHEDEDZ
ET, PUROBRWERIE 73 TRl O 72 5T, SN
RE D SEIRT D Z ERARETH D Z L B FEIE LT, fE
RGN 72 &2 AW THEAMICERT 52 & T, Hilko
DTSRI T A ERE, A% 0 —EED D Z L IR
Sha,
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#Ho

PUNP scFv ik % W= 21T 5 12 H 7= 0, LIT O
oW, ZROZBY £ Lz, BFFEOBITI D im ST
FEIEDETITHENWETE E LEERBERE GiihT
gt > % —), ITC IE CTRMEET /e 0 F Liz/MRshik e
A CRBCKR), ABFZEREEE (RBKK™), DSC BIEIC 2
FInT=f2 & F UIIRAINE D 25648 (RBRIFFSL R 123 L,
ZOEMED TEMEILR L EFET,
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