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ABSTRACT. The solution structure of the B domain of staphylococcal protein A (FB) complexed with the
Fc fragment of immunoglobulin G (IgG) is reported. A previous NMR analysis has shown that in solution
FB is composed of a bundle of threehelices, helix I, helix I, and helix 11l [Gouda, H., Torigoe, H.,
Saito, A., Sato, M., Arata, Y., and Shimada, I. (19®¥pchemistry 319665-9672]. In contrast, the
crystal structure of FB in the FBFc complex lacks helix 11l.  Uniformly*>N- and *N/'3C-labeled FB

were prepared, and the backbd#@ resonances were assigned. The spectral data obtained in the present
study indicated that in solution all three helices including helix 11l are preserved in thdFEBOomplex.

The mode of interaction of FB with the Fc fragment was discussed on the basis of the combined data of
hydrogen-deuterium exchange experiments aHd-°N correlation spectroscopy. It was concluded that

a contiguous surface shaped by F14, Y15, E16, L18, and H19 in helix I, and N29, Q33, L35, and K36 in
helix Il is responsible for the binding.

Protein A, which is a cell wall component &taphylo- was observed for the F&E48 segment; no structural
coccus aureusspecifically binds to the PFcportion of information was available for the AZK5 and A49-K59
immunoglobulin G (IgG) from various mammalian species segments. The crystal data indicated that two antiparallel
(1. The extracellular part of protein A contains a tandem helical regions, Q16L18 and E26-D37, exist in the Fc-
of 5 highly homologous Fc-binding domains designated as bound FB. It was also suggested that FB makes two types
E, D, A, B, and C, each of which comprises about 60 amino of contact with the Fc fragment in the crystal.
acid residues. The C-terminal part is a cell wall binding  In a previous study€), we have indicated that FB in
domain designated as X, which does not bind to the Fc solution is composed of a bundle of thieéuelices, i.e., helix
portion and comprises approximately 180 amino acid residues| (Q10—H19), helix Il (E25-D37), and helix Il (S42-A55).
(2—4). The solution structure of FB is in marked contrast to the

The three-dimensional structure of the B domain of protein crystal structure, where the S4E48 segment does not take
A (FB) bound to the Fc fragment of pooled human IgG has any ordered structuré). We suggested crystal contacts as
been solved by an X-ray crystallographic analysis at 2.8 A a possible cause of this discrepanéy. (
resolution b). The electron density for the Fc-bound FB The crystal structure was obtained using the—f8
complex, whereas the solution structure was that of uncom-

* Author to whom correspondence should be addressed. FAt- plexed FB. Therefore, in order to proceed further, we had
(3)-3815-6540. E-MAIL: shimada@iw-nmr.f.u-tokyo.ac.jp. to determine the solution structure of FB in the FBc

* The University of Tokyo. | he obvi difficulty of ina b

$The Institute of Physical and Chemical Research. complex. Due to the obvious difficulty of treating by NMR

I'Water Research Institute. the FB-Fc complex with a molecular weight of 60K, we

f AAtl)atS)traC_t publishltzed ir;kdvance ACS Abstrglctfﬁicer(l;ber 15, 1I9t?7|. decided to use the chemical shift'd€a, which reflects the
reviations: Fc, fragment composed of the C-terminal halves ;
of the heavy chains of immunoglobulin G; IgG, immunoglobulin G; secondary structure of prOte.mg)'( . -
FB, B domain of staphylococcal protein A; 2D, two dimensional; NMR, [N order to locate the region which FB utilizes for the
nuclear magnetic resonance;—B, hydrogen-deuterium; HSQC, binding with the Fc fragment, attempts were made to use

heteronuclear single-quantum correlation; CT, constant time; HNCA, 1415\ correlation spectroscopy in combination with hy-

amide proton to nitrogen te-carbon correlation; HNCO, amide proton .
to nitrogen to carbonyl carbon correlation; HN(CO)CA, amide proton drogen-deuterium (H-D) exchange measurements. On the

to nitrogen toa-carbon (via carbonyl carbon) correlation; HCACO, basis of the NMR data obtained, we discuss the mode of the
o-proton too-carbon to carbonyl carbon correlation; Haproton; interaction of FB with the Fc fragment.

Ca, a-carbon; CO, carbonyl carbon; ppm, parts per million2(0C+3,

constant regions of the C-terminal half of the heavy chain of

immunoglobulin; NOE, nuclear Overhauser effect; TPPI, time- MATERIALS AND METHODS

proportional phase incrementation; 3D, three dimensional; DANTE, ; :
delays alternating with nutation for tailored excitation; INEPT, insensi- Sample Preparation.A synthetic gene for FB has been

tive nuclei enhancement by polarization transfer; DSS, sodium 2,2- expressed icscherichia coli8). FB uniformly labeled with
dimethyl-2-silapentane-5-sulfonate. 5N ([*N]FB) or >N and 3C (['*N/*3C]FB) was prepared
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by growing the bacteria in M9 minimal medium usitiyH,- Determination of H-D Exchange Rates of Amide Protons.
Cl as the sole nitrogen source’®NH,Cl and ['3C¢] glucose In order to acquire the HD exchange rates of amide protons
as the sole nitrogen and carbon sources, respectively. FBin the Fc-bound FB, lyophilizedIN]JFB was initially
was isolated and purified as previously describ@d (The dissolved in an kKD solution of the Fc fragment at pH 6.0
Fc fragment of human myeloma protein Igg(ke-N was ~ and 30°C. The molar ratio of FB to the Fc fragment was
also prepared as previously reportéjl ( 1.0 to 1.0. Under this condition, all of the FB molecules
NMR  Spectroscopy All three-dimensional triple-reso-  are tightly bound to the Fc fragments. The solution of the
nance experiments, CT-HNCA, CT-HNCO, CT-HN(CO)- FB—Fc complex was diluted with D, and the diluted
CA (10), and CT-HCACO (1), were acquired on a Bruker  gample solution was concentrated by ultrafiltration at pH 6.0
AMX400 spectrometer using a triple-resonanee/"*C/*H and 4°C. The concentrated solution of the FBc complex
E’lsmT probe. Measurements were made using about 1 mM,ya5 givided into several samples. Each sample was incu-
[**N/*C]FB solution at pH 5.0 and 38C in H;0 or D,O. bated in DO for time intervals ranging from 0.5 to 83 h at

;I'he proton _If:r?mer t\)/vas f|x¢d "’;t the water resona?ce pH 6.0 and 30°C for the H-D exchange of the amide
fge"%l\fsr-m&; r?1 ;:;rlaocr& c;;ge;7gequrenntf:(|)isscv(;ereﬂ;5: @Sprotons. The concentration of the FBc complex was-0.7
’ PP ' PP ' mM. The pH of the sample solution was then adjusted to

nitrogen carrier frequency was set to 117 ppm. Spectral
. TEnp 1 pH 3.5, where FB was released from the Fc fragment, and
widths of 1600, 5000, and 1000 Hz were used'fdl, **Ca, the 2D H—15N HSQC spectrum of the released FB was

and®3CO, respectively. The States-TPPI meth&d)(was . D
pectively (W measured in BD. The H-D exchange of the individual

used to achieve quadrature detectiontlirmandt2. The 3D ; ; . .
data matrix 1 x @2 x w3) contained 64 (complexk amide protons was followed by varying the time of incuba-

128 (complex)x 512 (real) data points. A shifted sine-bell tion using 2D*H—"N HSQC experiments. In order to
function was used inl, t2, andt3 for resolution enhance- determine the exchange rates, plots of the peak volume versu:
ment. time were fitted to a single exponential decay. A protection

IH—13C HSQC (L3) spectra of free and Fc-boun#N/ factor, p = KiredKoouna Was finally calculated for each amide
13C]FBs were recorded at pH 6.0 and 22 in D,O using a proton. In order to obtain the HD exchange rates in the
Bruker AMX400 spectrometer. A molar ratio of FB to the free FB, the sample preparation was also done in the same
Fc fragment was 1.0 to 1.0 for the complex. In order to Way in the absence of the Fc fragment. The->N HSQC
obtain the!H—3C HSQC spectra, constant time evolution spectra then sequentially were measured at pH 6.0 and 3(
(14) was used duringl for the free FB, while we performed  °C with a time interval of 80 min.

'*N and *3CO decoupling durindl on the Fc-bound FB,  competitie Binding Assay.A competitive micro-ELISA
considering the molecula_r weight of 60K. In b(_)th experi- tachnique was used in order to study Fc binding of the
ments, carbonyl decoupling pulses were applied as hardmytants of FB: F14A and L18A, in which F14 and L18 are

pulses using an off-resonance DANTE sequence dufing  eplaced by alanine residues, respectively. The wells of a
Spectral widths of 5000 and 2200 Hz were used fband 96-well microtiter plate were coated with 50 mL of human

13C, respectively. Data points of 2K were used in te : -
A . Fc (5 mg/mL) in a phosphate buffer (PBS) &t@ overnight.
dimension, and a total of 1285611 points were recorded After coating, the plate was washed 3 times with PBS

?%W%?Sf;?ﬁ%gig;gghﬁl'7;- ﬁsﬂglra%gogrzheéﬂg and containing 0.1% Tween 20. The wells then were coated with
) P 100 mL of PBS containing 0.1% bovine serum albumin at
1.2 ms for the Fc-bound FB, which is smaller thanJé/d 37°C for 90 min in order to block nonspecific binding sites,

The experiments then yielded optimdki—3Ca. correlation. . i e

IH—15N HSQC spectra were also recorded for the free and 21d Washed 3 times with PBS containing 0.1% Tween 20.
Fc-bound F5N]FBs at pH 6.0 and 42C in H,0. Spectral A protein A reagent conjugated to peromdas_e (Kirkegaard
widths of 6000 and 1200 Hz were used fti and 15N, & Perry Laboratories Inc.) was diluted 1:10000 in PBS. Serial

respectively. Data points of 1K were used in th2 dilutions of FB and its mutants were also made in PBS. A

using the States-TPPI method. For y|e|d|ng the Optimum the well in a total volume of 100 mL, and incubated at 37
1H—15N correlation, the delay was set to 2.55 ms and 2 ms °C for 90 min. After a final washing, 100 mL of substrate,

for the free FB and the Fc-bound FB, respectively. 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonate (Kirkegaard
The data acquired for the free FB were multiplied by a & Perry Laboratories Inc.), was added and incubated for 30
Gauss function in2 and a shifted sine-bell function id. min at room temperature. The absorbance was measured a

During the data processing of spectra obtained for the bound405 nm on a microplate reader.
FB, we used a stronger Gauss function tih for the
improvement of the signal separation. RESULTS

For the H-D exchange experimentsH—N HSQC _ .
spectra were recorded with spectral widths of 6000 Hz for NMR Experiments.n the previous paper, all resonances
H and 1400 Hz fo#SN on a JEOL JNM-GSX spectrometer originating from the amide protons and nitrogens of the
operating at a 500 MHz proton frequency. Data points of backbone of FB except for A2 were assign&jl (On the
1K were used in thé2 dimension, and 32 transients were basis of those assignments, the backb#fe, **Co, and
acquired for each of the 128 points. Quadrature detection **CO resonances were unambiguously assigned by the CT-
in t1 was accomplished using the method of States et al. HNCA, CT-HNCO, CT-N(CO)CA, and CT-HCACO experi-
(15). The measurement time for one spectrum is about 80 ments. Figure 1 shows representative planes of CT-HNCA
min. and CT-HN(CO)CA spectra at a fixedN (wl) chemical
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FIGURE 1: Selected*C(F2)—1H(F3) planes at[!*N(F1)] = 125.7 ppm of CT-HNCA and CT-HN(CO)CA spectra ¢fNl/13C]FB. The

intraresidue and interresidue correlations in the HNCA spectrum are connected by the dashed lines with residue assignments. Seq

connectivities for several residues are indicated by the arrows.

shift for the sequential assignment. A set of CT-HNCA and

CT-HN(CO)CA spectra was used to link adjacent residues Table 1: *Ha, **Ca, and**CO Chemical Shiftsof FB at pH 5.0

and 30°C

on the basis of theit3Ca chemical shifts. A complete

assignment of the resonances originating from FB in the residue 'Ha *Ca *3CO residue *Ho Co  *CO

complex was impossible even by using perdeuterated FB T1 3.87 59.8 169.0 F31 443 608 175.9
along with?H decoupling, owing mainly to the fast relaxation A2 435 512 1748 132 370 631 1759
of N and*C. Table 1 summarizes th¢la, 3Ca, and Bi i'gg gig ggg 83?43 i'gg 211 gi'g
13CO chemical shifts of the backbone of free FB observed ' ' | ; ' '
K5 414 550 1746 L35 374 562 1759

at pH 5.0 and 30C. F6 499 545 1752 K36 397 580 177.3
Figure 2A,B shows théH—1N HSQC spectra of'fN]- Eg g-gg gg-g ggg ggé 21-33 §§’§ i;ig
Frl? in the a}bsence and pre?err;ce of Fc, respeqtlyely]; As Eo 407 581 1779 P39 448 632 1768
shown in Figure 2B, most of the resonances arising from 10 385 571 1757 S40 428 595 1745
the Fc-bound FB remain at the same positions as observed Q11 394 57.1 1765 Q41 459 538 174.6
in the spectrum of the free FB, while several cross-peaks N12 458 546 1755 S42 372 621 1725
originating from the FB-Fc complex are significantly shifted =~ A3~ 4.04 541 1765 A43  4.09 541 1792
binding to the Fc fragment, compared with the spectrum Fis 380 594 1745 N4 449 243 1761
upon 9 g : p the sp Y15 391 608 1772 L45 411 563 176.6
obtained for the free FB. Therefore, the residues of FB E16 397 588 1784  L46 377 562 176.2
which are affected upon binding Fc are able to be identified. 117 337 642 1761 A47 400 538 1794
Similar analyses have already been carried out in other Ig- 118 366 558 1752 E48 398 576 177.1
binding proteins to determine the binding sit(17. We HI9 444 546 1rzr  A49 341 538 1778
gp , 9 : L20 447 519 1758 K50 373 588 176.9
suggest that the residues Q10, Y15, L18, H19, R28, N29, p21 438 637 1763 K51 408 581 178.0
G30, L35, D37, S40, Q41, S42, A43, and N44 are respon- N22 497 512 1743 L52 414 56.2 1764
sible for the binding to the Fc fragmentH—15N HSQC klzzi j-gé igg g‘ég ggi i-ig ggg gg%
spectra can allso prov!de information on .the microenviron- 50 391 580 1762 A5 422 528 1775
ment of the side chams_of the asparagine and glutarr_une E26 402 583 1787 Q56 4.36 53.6 172.4
residues. The changes in the chemical shifts of the side- Q27 386 56.6 177.3 A57 432 493 1739
chain resonances originating from N7, Q10, Q11, N12, N29, Egg 2-?7)2 gg-g i;g? Egg :-2491 5"541-23 11773571
and Q33 were observed upon binding to Fc (Figure 2B). G30 375 455 1749 A60 411 520 1808

Figure 3A,B also shows thECa regions of the'H—13C

aChemical shifts of'H and 13C are expressed in ppm relative to

HSQC spectra of'fN/*3C]FB observed in the absence and
presence of Fc, respectively. In Figure 3B, while the cross-
peaks originating from the bound FB are much broader in widths even in the complex. It should be noted that all the
line width than those from the free FB, reflecting that the sharp cross-peaks observed in the complex are due to the
strong dipole-dipole interaction exists at ¢—Co. groups N- or C-terminus and that the chemical shifts are almost
in the complex, the cross-peaks from the bound FB are ableidentical to those observed in the free state. These observa
to be observed at almost the same chemical shift as in thetions indicate that the N- and C-termini of FB have high
free FB. mobility even in the complex.

In Figure 3B, the cross-peaks corresponding to T1, A2, Determination of H-D Exchange Rates of Amide Protons.
D3, N4, K5, K59, and A60 in free FB show narrow line In the present study, the+D exchange experiments of the

DSS and dioxane, respectively.
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FIGURE 2: 'H—15N HSQC spectra of!pN]FB in the absence (A) and the presence (B) of 1 equiv of Fc at pH 6.0 af€ 4H—15N
correlation peaks are labeled for all resonances in (A). The cross-peaks originating from the side-chain amide groups are connected b
lines. The resonances originating from the side-chain amide groups of Q10 and Q11 could not be assigned in a site-specific way.

backbone amide protons were carried out at pH 6.0 and 300bserved in the absence of Fc, giving protection factors
°C, where FB was tightly bound to Fc. Under these ranging from 1.3 to>343 (Figure 5B). Of all the measured
conditions, the measurements of the-Bl exchanges rate  amide protons, 14 have protection factors greater than 10.
became possible for a maximum number of amide protons These residues correspond to FHIL9 in helix I; N29, 132,

of the Fc-bound FB. Among the 26 amide protons of FB, Q33, L35, and K36 in helix Il; and L46, A49, and K50 in
for which the exchanges could be followed in the presence helix lll. Especially, the H-D exchange rates for the amide
of Fc, 22 are located in 1 of the®helices. Therest ofthe protons of F14, Y15, and E16 were dramatically reduced
amide protons originate from turn structures that connect theupon binding to Fc with protection factors larger than 300.
helices. The HD exchange rates for the residues of N- L20, N22, L23, R28, F31, S34, D38, L45, A47, E48, K51,
and C-terminal segments were too fast to be measured undeand L52 have protection factors less than 8.1.

the conditions used in the present experiment. TheDH

exchange rates for 117, L18, 132, L35, A49, and K50 were DISCUSSION

t00 Slow uound < 7 x 107° min~t) to be measured in the _ _
presence of Fc. Representative curves, which illustrate the Secondary Structure of the Fc-Bound FB in Solution.
quality of the H-D exchange data obtained in the present the*H—*N HSQC spectra in the presence of the Fc fragment
experiment, are shown in Figure 4. Exponential fits per- (Figure 2B), most resonances of helix Ill (L45, L46, A47,
formed for all the experimental curves indicated an average E48, A49, K50, K51, L52, N53, D54, and A55) are
correlation coefficient of 0.97 and a root mean square of unaffected by the addition of the Fc fragment, indicating that

0.04. Figure 5A shows the HD exchange rates measured the r_e.gion correspon(_jing to helix Il does npt i.ntroduce any
in the free kree) and Fc-boundkpound FBs for each amide significant conformational change upon binding to the Fc
proton. Protection factorsdedkoound are graphically sum-  fragment.
marized in Figure 5B. The correlation betweef®Ca chemical shifts and the
As shown in Figure 5A, most of the residues in helix | backbone conformation has been confirmed using a number
give faster H-D exchange rates than those in helices Il and of proteins with known structurer). It has been reported
Il in the free FB, indicating that helix | possesses a lower that *Ca resonances are sensitive to secondary structures
stability in the absence of Fc. These data might support theof proteins and tend to shift downfield and upfield in
results of the fluorescence measurements by using mutant-helices and3-sheets, in reference to the chemical shifts
FB where tryptophan residues are introduced in order to observed in the random coil, respectivel).( In order to
investigate the stability and unfolding of FBS). All of discuss the secondary structure of the Fc-bound FB in
the H-D exchange rates of the amide protons of FB solution, we used thé*Ca region in the!H—13C HSQC
measured in the presence of Fc are slower than thosespectrum (Figure 3). It should be noted that none of the
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Ficure 4: Representative HD exchange curves in the free FB (closed circles) and the Fc-bound FB (open squares) at pH 6.0Gind 30
The normalized volumes for thiéd1—15N HSQC cross-peaks are plotted as a function of theDHexchange time.

resonances originating from helix Il are affected by complex structure, exists in the Fc-bound FB in solution.
formation. These data along with the results obtained from Tashiro and Montelionel@) have recently pointed out

IH—1N HSQC spectra clearly indicate that helix Ill, which

the possibility that helix Ill is loosely packed compared with

did not give any definite electron density in the X-ray the other two helices in the presence of the Fc fragment,



134 Biochemistry, Vol. 37, No. 1, 1998 Gouda et al.

helix | helix helix IH Table 2: Comparison of Residues Involved in the Fc-Binding Site
107 of FB Determined by H-D Exchange Experiments with Those by
A X-ray Crystal Study
H-D exchange X-ray study
a 107+ experiments contact | contact Il
E F6
2 Q10
5 107 Q11
g N12
£ F14 F14
° o : T | Y15 Y15
7 . v " E16
E } ¢ % L18 L18
H19 H19
10° T T TTTTTT
0 10 20 IIISIOIIIIIIIII4I01 Hslotlllllillso R28 E26
residue number N29 N29 N29
G30
helix | helix II helix Il 132 F31
3507 Q33 Q33 Q33
1B S34
300 L35
K36 K36 K36
2504 D37
5 ] D38
£ 2004 P39
8 S40
E 150 Q41
& a Deisenhofer, 1981.
100+
] Fc-Binding Site of FB in SolutionIn order to discuss
507 the Fc-binding site of FB in solution, we have carried out
o] the H-D exchange anéH—°N HSQC experiments. Com-
0 10 20 30 40 5o 50 bination of H-D exchange and 2D NMR has been used in
residue number the study of proteirprotein interactions20—22). It has
FIGURES: (A) Plots ofkiee (Open circles) anéouna(Closed squares) ~ been indicated that the-HD exchange rates for the amide
as a function of the residue number. Values fjr-(i+1) are protons of the main chain, which are buried in the interface

] iy o 2 o 55 33 5 o o i f e proten-protein complex,ar reduced wen compared
residue number. The-helical reéions are indicated by bars on top Wlth the freg protein. . It has also been suggested that the
of the figures. residues with protection factors of 10 or larger form a
contiguous surface and define the binding region in the
leading to the difference in the conformations of the Fc- Proteins 20—22). Figure 6 represents the structure of FB
bound FB in solution and in the crystal. This would indicate With the side chains of residues which have protection factors

that the H-D exchange rates for the amide protons, which ©0f 10 or larger. On the basis of the solvent-accessible surface
are located at the interface between helix Il and helices | area calculated using the solution structure of FB, it is shown
and II, Significanﬂy increase in the presence of the Fc that of 14 residues shown in Figure 6, 117, 132, and A49 are

fragment. However, as Figure 5A shows, in the presence completely buried in the hydrophobic core. This result

of the Fc fragment, the HD exchange rates for any amide suggests that Fc binding affects the dynamics of the global
protons are not faster than in the absence of the Fc fragmentunfolding of FB, because the amide protons of these
We therefore conclude that the mode of packing of the three completely buried residues most likely exchange by unfold-

helices of FB does not change upon binding to the Fc ing of the protein. Other residues with a solvent-accessible
fragment. surface area larger than 16 &re F14, Y15, E16, L18, H19,

N29, Q33, L35, K36, L46, and K50. Itis possible that these
residues are also involved in Fc binding. The contiguous
d:surface on FB is formed by these residues except for L46
and K50. Especially, F14, Y15, and E16 in helix | possess
the highest protection factors of larger than 300 (Figure 5B).
It has been shown that the magnitude of the highest
protection factors obtained can be related to the binding
affinity in terms of the relationship eq 20):

It has been demonstrated that FB makes two types of
contact with Fc in the crystal of the FB-c complex §).
The crystal data have indicated that the first and secon
helical regions of FB and the 2 and G;3 domains of the
Fc fragment contribute to contact | (Table 2). It has also
been shown that the second helical region and-B381
that follow are covered by the formation of contact Il (Table
2). We suggest that (1) the C-terminal region corresponding
to helix Il is in close spatial proximity to the 3 domain — _ 12
of the Fc fragment in the crystal, and (2) the crystal contact KiredKoouna= (FB—FCIKy) @
is the possible cause of the difference in the conformation Here [FB—Fc] is the concentration of the FB-c complex,
of the C-terminal segment in solution and in the crystal. andKj is the dissociation constant of the complex. In the
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FIGURE 6: Stereopair of the solution structure of FB for the Q¥®B5 segment. Side-chain atoms are shown for the residues with protectior

factors of 10 or larger.

FiGure 7: Space-filling representation of FB for the Q1855
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FiGUrRE 8: Inhibition curves obtained from the competitive micro-
ELISA experiments. The open circles, closed circles, and closed
squares indicate FB, F14A, and L18A, respectively.

mutants to the Fc fragment were determined in the competi-
tive binding assay. It has been indicated that F14A does
not bind at all to the Fc fragment and the binding ability of
L18A is reduced to about 1% of that of FB. It has recently
been reported that mutants of the Z domain, which is an
analogue of FB, with a single amino-acid substitution at L18,

100

1000

segment. Numbers of the residues, which are identified to be partN29, or K36 show a weakened binding to Fc compared with

of the Fc-binding site from HD experiment results, are indicated.

present experiment, [FBFc] is~0.7 mM. On the basis of

FB (23). All of these residues are involved in the Fc-binding
site determined in the present study.
The residues that were suggested by the X-ray staily (

the protection factors obtained for F14, Y15, and E16, the are summarized in Table 2. As shown in Table 2, the

binding constant between FB and Fc was estimateell4f
M~L. This value is consistent with that obtained ust#iy
labeled myeloma human Ig@l1). Therefore, we conclude
that F14, Y15, and E16 significantly contribute to the Fc-
binding site of FB. N29, Q33, L35, and K36, which are
located on one side of helix Il (Figure 6), have protection
factors of 10 or larger. This indicates that the side of helix
Il, where N29, Q33, L35, and K36 are located, is involved
in the Fc-binding site.

On the basis of the results of the—tD exchange

residues in the Fc-binding site determined by the present
study significantly overlap with those from contact I. In view
of the results of the NMR analyses reported in the present
studies, we conclude that contact | is responsible for the
formation of the FB-Fc complex in solution. On the basis
of our previous observation that the amino acid residues of
mouse Fc affected by the addition of FB are limited to those
from contact | 24), the possibility of multiple binding of
FB to the Fc fragment can be ruled out.

experiments, we conclude that the surface region shaped b)FONCLUSIONS

F14, Y15, E16, L18, and H19 in helix | and N29, Q33, L35,
and K36 in helix 1l is responsible for the Fc-binding site of

On the basis of the present NMR analyses, we conclude
that in solution (1) helix Il does exist in the FB-c complex,

FB in solution (Figure 7). It should be noted that the core (2) the absence of electron density of helix Il as observed

part of the binding site surrounded by the hydrophilic amino in the X-ray structure is due to crystal contacts, (3) the

acid residues is composed of the hydrophobic residuescontiguous surface shaped by F14, Y15, E16, L18, and H19

(Figure 7). in helix I, and N29, Q33, L35, and K36 in helix II, is
We also prepared two mutants of FB: F14A and L18A, responsible for the Fc-binding of FB in solution.

in which F14 and L18 are replaced by alanine residues,

respectively (manuscript in preparation). Figure 8 shows the REFERENCES
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