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Abstract Human Tid1, belonging to the family of the
Hsp40/DnaJ, functions as a co-chaperone of cytosolic
and mitochondrial Hsp70 proteins. In addition, the
conserved J-domain and G/F-rich region of Tidl has
been suggested to interact with the p53 tumor
suppressor protein, to translocate it to the
mitochondria. Here, backbone NMR assignments
were achieved for the putative p53-binding domain
of Tidl. The obtained chemical shift information
identified five o-helices including four helices
characteristic of J-domain, which are connected to a
short a-helix in the G/F-rich region via a flexible
loop region. We expect that this structural
information would contribute to our progressing
studies to elucidate atomic structure and molecular
interaction of the domain with p53.
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Introduction

Molecular chaperones play vital roles in protein
regulation by assisting in several key cellular
functions, such as folding process of both nascent
and damaged proteins, translocation of proteins into

their proper cellular spots, and suppression of protein
aggregation.l: 2 Heat shock proteins (Hsps) represent
the most well-known group of molecular chaperones
of which expression is induced by heat and other
stresses.®> Among them, a specific chaperon pair of
Hsp70 and Hsp40 is also known to play important
roles in a range of cellular events.* > Hsp40 and its
homologous proteins recruit polypeptide substrates to
Hsp70 and bind directly to Hsp70. Their direct
binding stimulates both the substrate interaction with
Hsp70 and otherwise weak activity of its ATP
hydrolysis.® In Eschericia coli, Dnal and DnaK are
well-characterized as bacterial counterparts of Hsp40
and Hsp70, respectively.

The Hsp40/Dnal-family possess very diverse primary
sequences but generally share four typical domains in
various combinations: a highly conserved N-terminal
J-domain (JD), a glycine/phenylalanine (G/F)-rich
region, a cysteine repeat (Cys-repeat) region
containing zinc-finger motifs, and a less well
conserved C-terminal substrate-binding domain.” For
example, Type-lI DnaJ (DnaJA, 4 members) consists
of all four domains, whereas type-11 DnaJ (DnaJB, 13
members) lacks the Cys-repeat region, and type-I1ll
DnaJ (DnaJC, 32 members) lacks both the G/F-rich
and Cys-repeat regions.”® In this respect, JD of
Hsp40/DnaJ can be considered as a principle region
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that represents the functional unique property. JD is a
small protein domain usually consisting of about 70
amino acids, and is known to control ATPase activity
of Hsp70 by the cis-interaction between a highly
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Figure 1. Purification and structural characterization of the recombinant Tid1-eJD. (A) Purified Tid1-eJD in SDS-PAGE. (B)

Far-UV CD spectrum of the purified Tid1-eJD.

Human Tidl (tumorous imaginal disc protein 1),
encoded by DnaJA3 gene, is a mitochondrial Hsp40
(mtHsp40) having the N-terminal
mitochondria-targeting sequence (residues 1-65) that
is cleaved upon its mitochondrial localization. After
translocation to the mitochondria, Tid1 is expected to
function primarily as a co-chaperone of mtHsp70
(also called mortalin) for initiation of the
mitochondrial Hsp70-Hsp40 chaperone system.!315
In addition, Tidl has also been suggested to
translocate the p53 tumor suppressor protein to the
mitochondria, which triggers the mitochondrial
apoptosis progress by p53.2 In this machinery
process, G/F-rich region (residues 158-201) of Tid1l
has also appeared to be involved in the p53
interaction, although the JD (residues 91-158) was
suggested as a minimal and essential unit for the
interaction.’® 1 18  Considering p53 as a known
client of mortalin, it is presumable that the JD and

G/F-rich region of Tid1 would be responsible for the
possible regulation of both p53 and mortalin.

In this context, we aimed to achieve backbone NMR
assignments of the putative p53-binding domain (JD
+ G/F-rich region) of Tid1, for preliminary structural
characterization of the domain.

Experimental Methods

Protein preparation — The cDNA of Tidl was
amplified by polymerase chain reaction (PCR) in the
region corresponding to residues 89 to 192 (hamed
herein extended JD, eJD) of Tidl, followed by
insertion into a pColdl (Takara) vector, using two
restriction endonuclease sites, Ndel and Xhol. Stable
isotope °N- and 3C/**N-enrichments of recombinant
Tid1-eJD were performed as described previously.®®
Proteins were overexpressed in Escherichia coli
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BL21(DE3)pLysS strain transformed with the were then cleaved with the protease, factor Xa,
constructed plasmid, followed by purification via followed by the removal of factor Xa and other
sequential application of a nickel-affinity (HisTrap impurities via the final gel-filtration step for
FF, GE Healthcare) and a gel-filtration (HiLoad buffer-exchange.
16/60  Superdex 75, Pharmacia)  column
chromatography. The tagged N-terminal histidines
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Figure 2. NMR assignments and secondary structure determination. (A) 2D-[*H/**N] HSQC spectrum of Tid1-eJD labeled
with sequence-specific assignments of individual resonances. Resonances paired with lines originated from side chains of
GIn or Asn. (B) CSl-based secondary structure determination. *Ca (blue) and *CB (red) chemical shift deviations from

reference values (random-coil chemical shifts) are plotted
elements are shown over the sequence line.

CD (Circular Dichroism) Spectroscopy — A standard
far-UV CD spectrum of 16 uM Tid1-eJD dissolved in
20 mM Tris-HCI buffer (pH 7.0) was measured at

along the amino acid sequence. Determined secondary structure

room temperature (approximately 22 °C) on a Jasco
J-715 Spectrometer (Applied Photophysics, UK).
Three individual scans taken from 260 to 190 nm
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were summed and averaged, followed by subtraction
of solvent CD signals. Finally, the CD intensity was
normalized as the mean residue molar ellipticity
(MRME).20

NMR experiments and analysis — NMR spectra were
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acquired using Bruker Biospin Avance 800 MHz
spectrometer equipped with a cryoprobe, at KBSI
(Korea Basic Science Institute, Ochang, Korea).
2D-[*H/**N]HSQC spectra were measured with 0.3
mM of
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Figure 3. Structural characterization of Tid1-eJD based on amino acid sequence and backbone amide chemical shift values.
using disorder region prediction and chemical shift analysis. (A) Disorder probability plot. Residues beyond the threshold
(red line) are predicted to be disordered. (B) Assigned 3HN plot. Red dots indicate the residues with a promident down-field
shift beyond the standard deviation (red dotted line) from mean value (red solid line).

[**N]Tid1-eJD dissolved in a 20 mM Tris-HCI buffer
containing 300 mM NaCl, 1 mM dithiothreitol, and
7% D,0. The sequential backbone resonance
assignments of [U-3C/**N]Tid1-eJD were carried out
using HSQC-based triple resonance experiments,
including HNCACB, CBCA(CO)NH, HNCO and
HN(CA)CO pulse sequences. NMR data were
processed using NMRPipe?* and analyzed using
NMRView. The assigned Co and CB chemical shifts
of Tidl-eJD were used for secondary structure
determination, on the basis of the chemical shift
index (CSI) method.?

Results and Discussion

Preparation and characterization of recombinant
protein — Our initial attempt to prepare the
recombinant protein corresponding to the region
(residues 89-235) between the mitochondrial
targeting sequence (residues 1-65) and Cys-rich
region (residues 235-296) was not successful due to
the inclusion body formation of the expressed protein
(data not shown). However, the C-terminally shorter
construct eJD (residues 89-192) that covers the whole
region of JD (residues 91-158) and most region of
G/F-rich region (residues 158-201) was successfully
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over-expressed and purified (Figure 1A). After
cleavage of the artificial his-tag at the N-terminus,
the apparent molecular mass of the Tidl-eJD (14.5
kDa), estimated by gel-filtration, was in good
agreement with its theoretical monomeric molecular
weight of 12.1 kDa (data not shown). The standard

far-UV CD spectrum of Tidl-eJD, which was
characterized by a positive band at 196 nm and
strong negative bands with double minima near 208
and 222 nm, indicated that the protein adopted a well
folded

Table 1. Chemical shift values of *HN, **N, *Ca, $3Cp, and *3CO of Tid1-eJD.

Residue HN N Ca Ccp co Residue HN N Ca o] co
B8 M nd. 124.239 nd. 30329 n.d. 141 A 7467 117.894  51.077 15.844  175.731
B3 L B.466 124057 52322 39629 174152 142 Y 8172 116663 59676 35.44 175.201
90 A B.248 124989 49603 16.556 174691 143 E 8462 120,98 57.34 26.852 174.74
MK 8.159 120416 53.54 30343 173567 144 V 6628 115.01 63.057 26.884 172.04
92 E a1 121579 53457 28438 172768 145 L 7.506 111.341 83827 38971 174733
93 D 8.366 121.982 50274 39.289 174064 146 S 7644 108433 56229 80.392 170.567
94y 7623 119872 55554 35244 174565 147 D 6848 124505 40447 40733 17235
a5 Y 7.759 116129 59.56 33.093 175742 148 E B.B66 124539 57595 27.053 175918
9 Q 8032 119303 559023 25883 177357 149 v 7.831 119702 63506 28941 176,282
97 | 8223 120792 61909 35057 174.502 150 K BO64 121675 S7.242 30,159  176.165
98 L 6.999 115.809 52354 40516 172774 151 R 9.387 121604  57.892 27.122 174984
99 G 7.865 1085  43.802 n.d. 172626 152 K 7437 117.246 56785 20,591 177.442

100 V 7.86 110,805 S4.102 20006 170.201 153 Q 7.576 118848 56295 25847 175292
101 P n.a. 117.2 55.097 26.717 174182 154 Y 8.807 122.69 59.004 35.924  176.094
102 R 8.064 117.004 58.88 29.861 173742 155 D 9138 120.988 53.9 37.299 175.453
103 N 7.501 112827 48361 34271  172.006 156 A 7422 12047 51089 16004 176473
104 A 7.455 121492 50.046 17.069  175.028 157 Y 7.879 116.831 56.16 36.337 174515
105 S B8.94 117.774 54.036 62.687 172572 158 G 8116 109.459 42886 na. 171.72
106 Q 8963 11964 56293 n.d, 176.402 159 S 7.959 115314 S6137  60.97 17199
107 K nd. 1200609  57.244 29.849 176.616 160 A 8173 124.65 50.269 16.41 175.423
108 E 7.678 120446 56.56 27.248 177.045 161 G 8.01 106563 42486 na. 170.743
109 | 8252 122225 63555 35666 173.945 162 F 7.759 119401 54748 36991 17179
110 K 8.264 120,072 58103 30112 175122 163 D 8.046 123.79 48403 38.92 n.d.
111 K 7.827 118,166 56.751 29965 175836 164 P na. 108.008 61.005 29.2 174.928
112 A 7.942 121.878 52.323 16.4 177.048 165 G 8.354 107.808 42,542 na. 171.666
M3 Y §.392 116,729 57.668 36.0956 173.26 166 A 7.768 123.7 49.739 16.485 175.35
114 ¥ 8.4 117.359  59.181 35027 174006 167 S 8173 114602 59.116 60.024 17507
15 Q 7822 113479 S602 25939 176485 168 G n.d. n.d. n.d. n.d. n.d.
116 L 5094 119.098 54747 40615 175.3M 169 S n.d. n.d. n.c. n.c. n.d.
117 A 9.169 122015 54.651 15562 177.284 170 Q n.d. n.d. n.d. n.d. n.c.
118 K 7.79 114635 56.335 28764 176473 171 H n.d. n.c. n.c, n.d. n.d,
M9 K 7.024 118712 56.269 29282 175.169 172 s n.d. n.d. n.d. n.c. n.g.
120 Y 7318 115216 55169 35765 170157 173 Y BO49 121716 58277 35986 17257
121 H 6.759 121659 53547 2BBRT 172577 174 W 7825 121303 S4.622 26757 172947
122 P na nd 62333 28764 n.d 175 K TATT 124075 53576 30041 173682
123 D 11118 121946 S4.614 37612 175686 176 G 736 108632 42342 na 171.08
124 T 7.368 106.865 58236 65947  171.506 177 G 7.896 108882 41645 n.a. 179.543
125 N 7.526 121.685 503418 37.285 171.86 178 P na. 116558  60.055 29.673 174732
126 K 8357 121613 55273  29.250 174.308 179 T 9558 116319 6009 66857 171.85
127 D 8.58 118,657 52158 37696 172192 180 V 7.962 121919 S7.717 31.073  171.749
128 D 7402 118216 48301 39623 173.011 181 D 8447 125715 49513 39.345 172.852
129 P na. 11951 61972 20692 176526 182 P na 11832 62012 30.301  175.655
130 K 8.066 119324 55.051 28.598 176.208 183 E 8483 118.202 S7.722 27.08 176.237
13 A 7.618 12375 52547 15.035% 17577 184 E 7.911 121631 56134 26.805  176.002
132 K 7.598 117186 ST.018 29465 176.763 185 L 8352 121619 55633 38791  174.871
133 E 7713 120.395 56.59 26.894 176.362 186 F 7.876 117.927 59.893 36.955 174.867
134 K 7.783 120,002 55752 28.512 175.857 187 R 7.965 117681 56421 27.825 176.642
135 F 9.05 12005 60117 36612  176.008 188 K 8403 120853 56294 29637 175.763
136 S 8104 114957 59113 59.954 176.064 1891 7.931 117.019 59326 34.523 175.075
137 Q 8107 12295 56.383 26,194 176.064 190 F 7.899 115515 55629 36.936 173.9561
138 L 8333 118933 S5114 39924 174645 191 G 8108 110285 43.288 na 170.479
139 A 7.066 119221 52084 15782 175.666 192 E 7.456 123.875 54.733 29.257 n.d.
140 E 7.589 118131 56.501 26.744  174.371

n.a., not available; n.d., not detected.
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conformation with a predominant a-helical contents
of secondary structure (Figure 1B).

Backbone NMR assignments — The backbone amide
resonances of Tidl-eJD in the 2D-[*H/**N]JHSQC
spectrum exhibited a good dispersion of resonances,
supporting the well-ordered conformation (Figure
2A). Based on the 3D NMR spectra analysis, we
succeeded in assigning 100 of 105 expected
backbone resonances. Two peaks in the HSQC
spectrum could not be assigned (Figure 2A) because
the corresponding peaks were not found in the 3D
spectra. Finally, backbone resonances of the five
residues (residues 168-172) in the G/F-rich region
were missing in the assignments (Table 1). Given
that these residues didn’t show up as NMR signals,
the corresponding region in Tid1-eJD is supposed to
adopt a disordered conformation, of which dynamic
fluctuation occurs at an intermediate rate of chemical
exchange in the NMR time scale.

Secondary structure of the other regions with the
unambiguous assignments could be determined by
the CSl-based secondary shift analysis of *Ca and
13CB (Figure 2B). The result clearly identified five
a-helices, four in JD and one in the extended region:
helix 1, residues 8-10; helix 2, 19-32; helix 3, 43-57;
helix 4, 62-68; helix 5, 96-101. The determined
secondary structure was broadly well matched to the
protein disorder prediction result using prDOS
program (Figure 3A).% Furthermore, in the prDOS
result, the assignment-missing region (residues
81-85) showed the highest scores of disorder
probability, supporting our assumption that the
region would be flexible.

To obtain further structural information, we also
analyzed the chemical shifts of backbone amide
protons (6HNs), additionally to the aforementioned
backbone *3C chemical shifts. It is generally accepted
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that SHN also reflects the secondary structure
information; up-field shifts in a-helices, whereas
down-field shifts in p-strands, relative to the
reference chemical shifts of individual amino acids.?*
However, 8HNs particularly in o-helices are also
sensitive to the structural environments as follows;
SHN of the i residue (SHN') is down-field shifted by
its strong hydrogen bonds with other residues. In
addition, the SHN' is further down-field shifted by an
anisotropy effect of the i-4™ carbonyl group, whereas
it is up-field shifted by the anisotropy effects of the
i-3" and i-2t" carbonyl groups.? Ten residues (18, 19,
30, 36, 48, 61, 64, 67, 68, and 92) in Tidl-eJD
appeared with remarkable down-field shift of SHN,
of which degree is over the standard deviation value
(0.636 ppm) from the mean (8.017 ppm) of all 3HNs
determined (Figure 3B). Among them, three residues
were found in helix 2 and four residues in helix 4.
Therefore, it is suggested that the two helices could
critically contribute to the structural stability
maintaining the overall architecture of helical
packing, as such prominent down-field shifts are
likely attributed to inter-helix hydrogen bonds.

In summary, we obtained a near complete backbone
NMR assignments of the putative p53-binding
domain, Tidl-eJD. Based on the chemical shift
analysis, five o-helices (four in JD and one in
extended region) and a flexible disordered region
between the last (C-terminal) two helices were
identified. In addition, the second and fourth helices
are considered as a central core stabilizing the helical
framework. All these results of NMR assignments
and structural characterization are expected to
constitute the most fundamental and crucial data for
the progressing structural investigation of the atomic
structure of Tidl-eJD and its molecular interaction
with p53 and/or mortalin.
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