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Abstract HscA is a Hsp70-type chaperone protein that
plays an essential role to mediate the iron-sulfur (Fe-
S) cluster biogenesis mechanism in Escherichia coli.
Like other Hsp70 chaperones, HscA is composed of
two domains: the nucleotide binding domain (NBD),
which can hydrolyze ATP and use its chemical energy
to facilitate the Fe-S cluster transfer process, and the
substrate binding domain (SBD), which directly
interacts with the substrate, IscU, the scaffold protein
of an Fe-S cluster. In the present work, we prepared
the isolated SBD construct of HscA (HscA(SBD)) and
conducted the solution-state nuclear magnetic
resonance (NMR) experiments to have its backbone
chemical shift assignment information. Due to low
spectral quality of HscA(SBD), we obtained all the
NMR data from the sample containing the peptide
LPPVKIHC, the HscA-interaction motif of IscU, from
which the chemical shift assignment could be done
successfully. We expect that this information provides
an important basis to execute detailed structural
characterization of HscA and appreciate its interaction
with IscU.
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Introduction

The Fe-S cluster biogenesis is an essential process of
supplying Fe-S clusters to diverse proteins within a
cell.*? Because of potential toxicity of free iron and
sulfur ions, Fe-S cluster assembly and transfer
mechanisms are tightly regulated by several protein
factors and their interactions.®> Among them, HscA is
an Hsp70-like chaperone that mediates the Fe-S
cluster transfer mechanism. It was reported that HscA
can interact with IscU, the scaffold protein where an
Fe-S cluster is assembled, and this interaction
stabilizes the dynamic state of IscU and facilitates the
transfer of an Fe-S cluster from IscU to other apo-
proteins.*® The two different domains of HscA play
critical roles in this Fe-S cluster transfer process; the
NBD has an ATPase activity that may contribute to an
efficient cluster transfer, while the SBD interacts with
the substrate, IscU, and stabilizes its dynamic state.®’
Previous studies reported that this interaction involves
the highly conserved motif of IscU, ®*LPPVKIHC08
Despite these extensive studies, however, the detailed
mechanisms regarding how HscA interacts with IscU
and how this interaction can result in transfer of an Fe-
S cluster are still elusive. To contribute to resolving
this issue, we conducted solution NMR spectroscopic
studies and succeeded to obtain the chemical shift
information of HscA(SBD) that was bound to the
BLPPVKIHC% peptide. We believe that this basic
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Figure 1. The NMR signal assignment
results of [frac-?H; U-1C; U-NJ-
HscA(SBD) that was bound to the
LPPVKIHC peptide. The assignment
information is shown on its 'H-N
‘0 TROSY-HSQC spectrum.
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information may contribute to subsequent structural
studies to appreciate the interaction of HscA with IscU
and elucidate the Fe-S cluster biogenesis mechanism.

Experimental procedures

Recombinant E. coli HscA(SBD) samples, which
contain the residues 389-616 of HscA, were prepared
as described previously.® For backbone NMR signal
assignment of HscA(SBD), we needed to take
fractional deuteration procedure ([frac-?H]) for
improved spectral resolution and sensitivity. In
addition, we added 1-fold of the ®°LPPVKIHC!%
peptide (unlabeled) to the sample of HscA(SBD) to
further increase overall spectral quality. The sample
for NMR experiments, therefore, contained 1 mM of
[frac-?H; U-13C; U-1>N]-HscA(SBD) and 1 mM of the
PLPPVKIHC® peptide along with the buffer
consisting of 50 mM Tris‘HCI, 150 mM NaCl, 0.5 mM
EDTA, 5 mM dithiothreitol, 0.01 % NaNs, and 7%
D,0. For NMR experiments, 300 pL of the sample
was inserted to a shigemi tube, and the experimental
condition was maintained to pH 7.5 and 25 °C.

NMR data was acquired with a 600-MHz NMR
spectrometer (Bruker) equipped with a cryogenic
HCN probe. The following NMR spectra was obtained:
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2D H-*N TROSY-HSQC, 3D TROSY-HNCO, 3D
TROSY-HN(CA)CO, 3D TROSY-HNCA, 3D
TROSY-HN(CO)CA, and 3D TROSY-HNCACB.
The raw data were processed with TopSpin 3 (Bruker)
and were subsequently analyzed with POKY software
suite, !0

Results and discussion

Our initial trial to conduct the backbone signal
assignment of HscA(SBD) was not successful due to
its low spectral quality, suggesting heterogeneous
structural states of HscA(SBD) in the absence of a
substrate. We therefore added the well-known
substrate  for HscA(SBD), the *°LPPVKIHC%
peptide,® to the sample of [frac-?H; U-3C; U-°N]-
HscA(SBD), which indeed significantly improved the
quality of the NMR spectra. Subsequently, we
collected 2D and 3D NMR experiments to conduct the
backbone signal assignment. Possibly due to a
relatively large size of the complex (~25 kDa) and
some remaining dynamic regions, the signal
assignment could not be done fully; no assignment
could be found for a few regions, such as the residues
1~6, 112~114, 129~131 and 222~223 (the residue
number was renumbered from 1 for the amino acid
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NMR signal assignment of HscA(SBD)

sequence of HsCA(SBD)), and there were also
partially missing assignments, particularly for 3Cg,
which could be also attributed to heterogeneous
deuteration around *Cg atoms. Still, we could assign
most of H-N HSQC signals of HscA(SBD), as
shown in Figure 1 and Table 1.

Our study indicates that the substrate peptide may
stabilize a certain conformation of HscA(SBD) among

several heterogeneous structural states in the absence
of a substrate. Our data may provide a useful
information to further elucidate this structural
transition of HscA upon responding to the addition of
substrates. We are currently conducting subsequent
studies to appreciate detailed binding interaction of
HscA with IscU and the related Fe-S cluster transfer
mechanisms.

Table 1. The backbone chemical shift assignment results (in ppm) of HscA(SBD) complexed with the LPPVKIHC peptide.

Residue | *co 13Cu 13CB Hy, 5N, |Residue| Bco 130‘1 13Cﬂ Hy 5Ny |Residue| Bco 13C‘x 13Cﬂ Hy, N, |Residue| Bco 13c‘x 130,1 Hy SNy
s7 1727 59.0 624 - - R61 | 1758 54.8 - 8.81 1214 | D118 - 57.3 - 752 1212 | D175 |180.3 57.0 39.0 9.01 1225
L8 1772 520 449 861 1221 S62 | 1751 58.6 - 8.78 122.6 | S119 - 60.7 619 834 1176 | D176 |179.1 57.0 394 849 1219
G9 170.9 45.6 - 9.08 1127 L63 | 1770 552 431 917 1274 | E120 - 588 294 767 1252 | A177 |181.0 544 167 7.86 1250
L10 | 1749 526 455 851 1213 A64 | 1751 517 - 774 1178 1121 - 65.3 - 7.94 1212 | A178 |179.1 547 - 8.89 1244
E1l |176.0 555 294 803 1237 R65 | 1742 550 331 864 1206 | Al22 - 546 172 7.89 1199 | Al79 |180.8 545 172 855 1228
T12 | 1748 596 714 904 1181 F66 | 171.4 556 - 895 1223 | S123 - 612 621 806 1152 | H180 |1769 59.1 289 7.95 1189
M13 | 1753 558 30.2 7.83 119.0 A67 |176.1 50.0 - 8.37 1219 | M124 | 1804 59.1 308 817 1224 L181 |176.8 57.1 395 7.61 1187
Gl4 | 1749 444 - 845 1111 L68 | 1745 534 - 8.45 1240 1125 | 179.1 64.6 - 811 1219 | S182 |176.7 612 620 840 1131
G15 | 1745 455 - 8.70 109.9 R69 | 1754 543 - 832 1259 | K126 |1795 594 313 831 1238 | EI8 |180.6 59.0 289 7.68 120.2
L16 | 1756 53.1 439 6.61 1224 G70 |175.1 452 - 8.16 1075 | D127 | 1780 56.6 40.1 8.65 1203 | V184 |179.7 643 - 8.35 116.0
V17 | 1753 613 316 830 1209 171 1740 59.6 - 8.08 1232 | S128 - - - 7.66 1149 | Al85 |177.2 536 166 849 1243
E18 |176.1 534 301 889 1313 P72 | 1758 624 - - - Al132 (1799 56.0 179 - - Q186 | 177.2 555 284 7.14 1146
K19 | 1757 56.7 30.7 891 127.8 A73 | 1755 524 - 820 1257 | E133 | 1794 59.1 - 8.52 117.7 | G187 |1728 44.0 - 7.58 108.8
V20 | 1756 631 323 862 1256 L74 | 1739 525 - 8.33 130.8 | Q134 | 179.0 586 - 825 121.3 | D188 | 1752 526 411 7.98 1159
121 - 57.0 - 7.79 1161 P75 | 176.1 625 - - - D135 - 56.6 39.0 881 1226 | D189 |176.7 523 414 803 1211
P22 | 177.4 617 - - - A76 | 1788 529 - 9.63 1286 | V136 |179.1 663 309 7.93 1222 | V190 |1765 65.6 - 8.56 127.1
R23 | 1745 56.3 - 8.60 124.0 G77 | 175.7 452 - 8.10 1136 | K137 |179.1 59.0 312 7.33 1203 | D191 |1782 56.8 40.6 7.79 121.9
N24 | 1741 547 - 8.98 1158 G78 | 1736 457 - 8.47 1079 | A138 | 1812 544 - 8.34 1230 | A192 |181.6 542 - 7.85 1215
T25 | 1736 63.8 - 7.09 1173 A79 | 1763 50.4 - 7.36 1223 | R139 |177.3 58.9 - 8.44 1208 1193 | 1769 655 370 751 1188
T26 | 1731 626 69.0 831 1220 H80 | 1734 542 326 9.84 1252 | M140 |179.1 586 - 8.03 119.0 | E194 | 1799 60.1 - 8.17 1214
127 1743 577 - 7.47 1168 181 1744 58.6 - 9.13 1268 L141 - 57.7 - 7.95 1200 | K195 |179.3 59.2 319 827 1182
P28 | 1753 619 - - - R82 | 1765 54.9 - 9.18 1291 | Al42 | 1809 549 - 8.00 121.7 | Al96 | 1812 544 198 7.94 1236
V29 |170.8 60.4 - 8.62 120.0 V83 | 1748 60.6 - 950 131.8 | E143 | 180.7 59.4 - 8.76 116.9 1197 | 178.0 66.4 375 877 1240
A30 |176.9 507 - 8.12 1284 T84 | 1741 61.6 - 9.30 1232 | Q144 | 1786 57.6 - 7.91 1198 | K198 |179.6 58.8 - 7.88 1202
R31 | 1732 540 - 8.99 1220 F85 | 1734 552 - 9.67 1294 | K145 | 180.4 60.9 - 831 1208 | N199 |177.4 561 383 812 1177
A32 | 176.8 49.8 - 8.43 1242 Q86 | 1740 54.0 - 9.00 1230 | V146 |177.8 66.4 - 811 1231 | V200 | 1783 67.3 - 7.90 1207
Q33 | 1726 544 - 8.71 1203 V87 | 176.2 60.2 - 9.30 1269 | E147 |1788 583 - 775 1212 | D201 |1782 573 405 823 1220
D34 | 1746 531 - 8.00 1232 D88 |176.8 525 413 809 1277 | Al48 | 1784 549 181 861 1213 | K202 |180.0 589 314 814 1194
F35 | 173.8 56.6 - 9.36 1185 A89 |177.7 539 178 844 1183 | Al49 | 1808 54.6 - 774 1191 | Q203 | 1780 559 269 831 1143
T36 |1741 587 703 9.48 1143 D90 | 176.7 535 - 7.91 116.0 | R150 |179.6 - - 8.53 121.7 | T204 |1748 617 692 7.85 1075
T37 | 1734 594 - 9.26 1128 G91 | 1740 448 - 8.09 108.7 | V151 |179.4 658 - 8.58 1224 | Q205 | 1786 59.3 27.7 7.38 1239
F38 | 1741 580 - 9.03 1212 L92 | 1757 555 412 831 1250 L152 |178.8 57.7 403 829 121.0 | D206 |1785 57.1 393 856 122.0
K39 |1754 529 - 7.81 1157 L93 | 1745 531 424 866 1299 | E153 |180.1 58.9 - 831 1214 | F207 |176.7 58.1 - 8.65 1223
D40 | 1781 547 - 8.73 1226 S94 | 1739 565 635 955 1231 | S154 | 1775 60.8 - 8.07 1159 | A208 | 180.5 547 17.0 857 120.8
G4l | 1731 456 - 9.00 1127 Vo5 | 1745 60.2 - 8.68 1275 L155 | 178.2 57.3 407 822 1247 | A209 |180.6 545 172 7.72 1214
Q42 | 1765 56.5 - 770 1221 T96 |1729 605 709 864 1220 | H156 |179.5 59.5 - 8.57 1188 | R210 | 1794 585 30.0 825 1202
T43 | 1740 609 - 8.44 1154 A97 | 1740 495 - 9.43 129.7 | G157 | 1764 46.6 - 7.99 1072 | R211 | 1784 586 293 8.04 119.0
A44 | 176.6 50.0 - 7.51 1232 M98 | 1745 53.0 - 8.83 1225 | A158 |180.3 55.0 186 805 1271 | M212 |1774 567 313 7.64 1195
M45 | 173.7 54.0 - 8.77 1214 E99 | 1776 56.0 - 896 129.8 L159 | 1789 56.8 409 872 119.0 | D213 |177.6 556 407 7.90 120.8
S46 | 173.0 571 631 808 1214 | K100 |1783 60.4 - 8.38 1255 | Al160 | 1795 541 17.2 7.84 1211 | Q214 | 1774 574 282 810 120.1
147 1724 576 322 869 1296 | S101 |176.9 616 - 8.48 1164 | Al61 |179.7 537 194 724 1179 | S215 |1763 604 623 812 1163
H48 | 173.7 51.8 - 962 1297 | T102 | 1770 620 711 952 1144 | D162 |176.2 551 420 822 1158 | V216 |1776 641 312 7.83 12238
V49 | 1743 62.1 - 9.04 127.7 | G103 - 45.6 - 7.82 1126 | A163 |179.1 555 181 779 1225 | R217 | 1780 575 292 7.93 1214
M50 | 1741 531 - 8.70 1253 | V104 | 1741 629 309 7.36 1196 | Al64 | 1785 533 176 840 1173 | R218 |177.1 571 294 8.04 1204
Q51 | 1745 527 - 899 1208 | E105 | 1754 54.1 - 8.10 1218 L165 |176.7 552 413 791 1161 | A219 |1784 526 18.0 7.81 1235
G52 | 1726 432 - 8.76 1125 | Al06 | 1749 515 - 8.79 1247 L166 |177.1 528 43.6 7.61 120.1 L220 |177.8 551 412 7.84 1207
ES3 | 177.7 543 - 8.24 1125 | S107 | 1728 564 66.7 811 1143 | S167 |1749 564 645 917 1194 | K221 |1772 561 319 7.97 1214
R54 | 1745 548 - 6.96 1189 1108 | 173.3 59.0 - 8.19 117.0 | Al168 | 1809 552 169 - - S224 | 1745 57.6 63.2 - -
ES5 | 1754 573 - - - Q109 | 175.3 54.0 - 7.78 1207 | A169 |180.9 544 177 834 1210 | V225 |1758 618 317 815 1216
L56 | 179.4 53.0 - 8.28 116.6 | V110 | 1726 59.5 - 9.31 1206 | E170 |179.8 579 303 7.61 119.2 | D226 |1759 541 406 820 1233
V57 | 1781 651 - 798 1226 | Kilil - 53.2 - 865 1270 | R171 |177.1 57.2 282 858 119.7 | E227 |1755 56.0 29.7 8.08 1221
Q58 | 1756 57.0 - 8.33 1150 | G115 | 1733 45.0 - - - Q172 | 177.6 584 27.7 7.76 119.2 | V228 |[181.1 63.1 323 7.65 1258
D59 | 1755 539 - 742 1178 L116 |177.1 537 432 729 1214 | V173 |1798 655 31.0 7.14 1177
C60 | 171.7 586 - 7.28 1185 | T117 - - - 8.33 1155 1174 | 1769 658 37.4 7.41 1227
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