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Backbone NMR chemical shift assignment of transthyretin
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Abstract Transthyretin (TTR) is an important
transporter protein for thyroxine (T.) and a holo-
retinol protein in human. In its native state, TTR forms
a tetrameric complex to construct the hydrophobic
binding pocket for T4. On the other hand, this protein
is also infamous for its amyloidogenic propensity,
which causes various human diseases, such as senile
systemic  amyloidosis and familial amyloid
polyneuropathy/cardiomyopathy. In this work, to
investigate various structural features of TTR with
solution-state nuclear magnetic resonance (NMR)
spectroscopy, we conducted backbone NMR signal
assignments. Except the N-terminal two residues and
prolines, backbone *H-°N signals of all residues were
successfully assigned with additional chemical shift
information of **CO, 3C,, and *3C; for most residues.
The chemical shift information reported here will
become an important basis for subsequent structural
and functional studies of TTR.
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Introduction

Transthyretin (TTR) is one of the abundant proteins
found in human plasma and cerebrospinal fluid (CSF).
The initial name of this protein was prealbumin, as its
band in the electrophoresis analysis ran faster than
albumin.! After identifying its function as a

TRANSporter of THYRoxine (T4; a thyroid hormone)
and a holo-RETINol binding protein, it was referred to
its current name. In its native state, TTR maintains a
pB-strand-rich homo-tetrameric complex (~55 kDa),
and one of two inter-subunit interfaces in the complex
constitutes the hydrophobic binding site for T,.2

In addition to its physiological importance, TTR is
well known for its amyloid-forming propensity.® TTR
is closely correlated with several systemic amyloidosis
diseases, e.g., senile systemic amyloidosis (SSA) and
familial amyloid polyneuropathy/cardiomyopathy
(FAP/FAC). SSA is known to be caused by
spontaneous aggregation of wild-type (WT) TTR,?*
while the TTR mutation, which facilitates its
aggregation, is the main culprit for FAP and FAC.®
More than 100 mutations have been reported, and
most of these TTR variants exhibits higher
aggregation-prone features than the WT protein.®

In order to understand physiological and pathological
features of TTR, extensive studies using X-ray
crystallography has conducted, which contributed
much to reveal critical structural characteristics.’”
However, many of the currently available X-ray
models are highly similar possibly due to the non-
native crystallization condition and crystal packing
artifacts, and failed to provide detailed information for
dynamic features of TTR. Rather, solution nuclear
magnetic resonance (NMR) spectroscopic studies
were successful to investigate structural dynamics of
TTR; e.g., structural heterogeneity of TTR tetramers,?
and dynamic feature of TTR monomers.®>*!
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Figure 1. The NMR signal assignment results of TTR noted on its H-15N TROSY-HSQC spectrum. Some of the signals
at around the chemical shift of 7 ppm were not assigned as they were originated from the side chain of Asn, GIn, Arg, and

Lys residues.

We report here the backbone NMR signal assignment
results of WT TTR in its tetrameric state. We expect
that this result becomes a basis for subsequent
structural studies of TTR, as well as for its functional
and pathological investigations.

Experimental procedures

For backbone NMR signal assignment of TTR, we
employed partial deuteration protocol for better
spectral quality of this relatively large homo-
tetrameric complex (~55 kDa).*? The TTR expression
plasmid was a generous gift from the group of Markus
Zweckstetter. The transformed E. coli cells were first
inoculated into 3 mL LB media. After overnight
incubation at 37 °C, 10 uL from the incubated LB
media was transferred to 3 mL M9 media prepared in
D,0. After another overnight incubation at 37 °C, 10
pL from the incubated M9 media was transferred to
100 mL M9 media in D;O. The cells were grown
overnight at 37 °C, and subsequently transferred to 1
L M9 media in D,O supplemented with **NH,CI (0.5
g/L) and [U-C]-glucose (3 g/L). For expression
induction, 0.4 mM IPTG was added when ODgy
reached at 0.4, after which cells were further grown

overnight. The final cells were harvested with
centrifugation at 4000 g for 20 min, and the resultant
pellets were stored at -80 °C until used. Purification of
TTR was conducted as reported previously.%

NMR data was acquired with a 600-MHz NMR
spectrometer (Bruker) equipped with a cryogenic
HCN probe. The sample for backbone signal
assignment was prepared as 0.5~1 mM of partially
deuterated [U-3C;U-'*N]-TTR along with the buffer
of 50 mM MES pH 6.5, 100 mM NaCl, 5 mM
dithiothreitol, 0.01% NaNs;, and 7% D,0. The
following NMR spectra was obtained: 2D H-N
TROSY-HSQC, 3D TROSY-HNCO, 3D TROSY-
HNCA, 3D TROSY-HN(CO)CA, and 3D TROSY-
HNCACB. The raw data was processed with TopSpin
(Bruker), and subsequently analyzed with NMRFAM-
Sparky.*3

Results and discussion

The partial deuteration protocol successfully enhanced
spectral quality of WT TTR, enabling us to obtain the
partially deuterated [U-3C;U-1°N]-TTR sample in a
sufficient yield (~10 mg/L) and to complete the
backbone signal assignment. Due to the relatively
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NMR signal assignment of TTR

large size of the tetrameric complex, transverse
relaxation-optimized spectroscopy (TROSY) was
employed to obtain high signal-to-noise ratio spectra.
For backbone assignment procedure, we collected 2D
!H-'5N TROSY-HSQC, 3D TROSY-HNCO, 3D
TROSY-HNCA, 3D TROSY-HN(CO)CA, and 3D
TROSY-HNCACB spectra, all of which were
analyzed together for complete backbone assignment.
The signal assignment result marked on the H-*N

Table 1. The backbone signal assignment results of TTR.

TROSY-HSQC spectrum is shown in Fig. 1, and the
entire chemical data is tabulated in Table 1. Except the
N-terminal two residues and prolines, the ‘H-'°N
signals from all the residues were successfully
assigned, and there was no signal left unassigned in
the H-N TROSY-HSQC spectrum with the
exception for the signals originating from the
sidechain *H-1N pairs.

As we were able to have almost complete signal

Residue *co B¢, ¢ 'Hy "Np [Residue Pco ¢, ¥cp 'Hy Np |Residue “co “c. ¢ 'Hy “MNam
P3 1748 652 335 - - F45 1709 611 445 88 1257 | P87 1724 634 356 - -
T4 1726 639 715 82 1143 | A46 1725 543 248 78 1193 | F88 1732 623 426 73 1165
G5 1719 473 - 83 1116 | S47 1699 598 677 85 1138 | H89 1751 601 332 76 1139
Té 1727 639 715 80 1136 | G48 1682 477 - 83 1069 | ES0 1727 0.1 327 89 1215
G7 1716 473 - 83 1116 | K49 1735 557 375 84 1209 [ H91 1702 566 322 72 1070
E8 1741 584 318 &1 1213 | TS0 1731 642 719 &6 1123 | A92 1727 538 214 84 1204
§9 1721 604 655 83 1177 | S51 1729 592 675 85 1190 | E93 1722 564 345 82 122,
K10 1731 576 343 83 1238 | E52 1731 610 304 90 1191 | V94 1722 634 366 89 1230
ci1 - - 205 81 1226 | S53 1733 597 659 80 1123 | V95 1728 631 356 92 1285
P12 1706 662 345 - G54 1697 474 - 85 1128 | F96 1691 580 - 89 1251
L13 1703 557 458 69 1210 | ES5 1733 564 345 71 1162 | T97 1708 649 707 86 1191
Ml4 1711 568 369 86 127 156 1722 561 452 86 1241 | A98 1740 520 254 91 1301
VIS 1705 620 366 73 123 H57 1727 576 - 88 1270 | N99 1725 563 390 86 1131
K16 - 565 375 87 GS8 1729 486 - 81 1088 | D100 1747 574 419 89 1181
V17 1714 626 346 89 1249 | LS9 1734 593 449 &3 1204 | S101 1715 592 654 89 1182
L18 1713 557 477 86 1269 | T60 1700 614 699 71 1080 | G102 455 - 71 1107
D19 1742 552 436 86 1221 | Tel 1726 615 742 84 1124 | P103 1754 656 334 -

A20 1746 556 210 90 1283 | E62 1756 620 314 90 1214 | R104 1 553 352 83 1234
V1 - 674 329 96 1209 | E63 1754 612 309 86 1167 | R105 17 566 325 81 1177
R22 1743 572 - 83 1173 | E64 1743 590 328 72 1161 | Y106 1 598 434 8% 1217
G213 1707 492 - 74 1102 | F65 1711 570 391 78 1243 | T107 639 718 8% 1215
s24 - 572 687 74 1122 | V66 1744 621 347 71 1157 | 1108 604 398 88 1280
P25 1722 648 328 - - E67 1734 588 309 &5 1223 | A109 1747 512 22 86 1289
A26 1723 526 196 81 1281 | G68 1671 467 - 78 1118 | ALl0 523 229 90 1263
27 1722 638 409 79 1276 | I6® 1715 628 397 83 1211 | L1l 17 558 455 87 1260
N28 1722 565 389 77 1229 | Y70 1707 584 436 86 1254 | L112 1732 576 458 S0 1246
V29 1735 637 329 83 1207 | K7 1724 555 370 86 1192 | S113 - - - 50 1174
A30 1735 547 212 o1 1313 | V72 1713 631 346 96 1280 | P14 - 688 - - -

V3l 1715 625 359 83 1228 | E73 1723 572 340 96 1289 | YIIS 1708 603 - 82 1150
H32 1700 570 - 89 1245 | 174 1738 623 413 91 1271 | S116 1697 593 677 74 1124
V33 1726 619 343 92 1226 | D75 1738 553 402 89 1289 | Y117 1705 592 433 83 1201
F34 1706 582 462 99 1200 | T76 1725 664 678 81 1181 | S118 1711 573 677 84 1142
R3S 1725 563 355 94 1233 | K77 1763 623 344 75 1252 | T119 - 60.6 731 8% 1169
K36 1732 392 334 86 1309 | $78 1740 638 - &1 1136 | T120 1695 631 735 83 1231
A37 1758 529 221 88 1320 | Y79 1739 631 392 67 1218 | Al121 1717 517 222 82 1293
A38 1749 561 199 83 1229 | W80 1775 613 310 77 1180 | VI2Z 1730 625 350 82 1202
D39 1732 552 412 76 1163 | K81 1788 615 329 &7 1191 | VI23 1734 631 350 83 1207
D40 1723 582 409 79 1136 | A82 1762 564 193 75 1227 | T124 1702 622 731 87 1200
T4l 1702 635 726 72 1113 | L83 1747 564 439 72 1182 | NI25 524 404 87 1215
W42 1729 576 320 84 1206 | GB4 1714 475 - 79 1082 | P126 17 654 - - -

E43 - 551 320 92 1273 | 185 1717 616 424 79 1236 | K127 1728 580 341 80 1210
P44 1729 668 333 - - S86 - s68 648 84 1225 | E128 - 590 325 76 1274
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assignment results, we expect that our data provide a conditions, with which we hope to contribute to
solid basis for subsequent NMR-based structural appreciate diverse physiological and pathological
studies. Based on this result, we are currently features of TTR.

conducting several subsequent studies to reveal

heterogeneous structural states of TTR in various
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