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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 Tid1 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 Tid1. The obtained chemical shift information 
identified five α-helices including four helices 
characteristic of J-domain, which are connected to a 
short α-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.1, 2 Heat shock proteins (Hsps) represent 
the most well-known group of molecular chaperones 
of which expression is induced by heat and other 
stresses.3 Among them, a specific chaperon pair of 
Hsp70 and Hsp40 is also known to play important 
roles in a range of cellular events.4, 5 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.6 In Eschericia coli, DnaJ and DnaK are 
well-characterized as bacterial counterparts of Hsp40 
and Hsp70, respectively.  
The Hsp40/DnaJ-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.7 For 
example, Type-I DnaJ (DnaJA, 4 members) consists 
of all four domains, whereas type-II DnaJ (DnaJB, 13 
members) lacks the Cys-repeat region, and type-III 
DnaJ (DnaJC, 32 members) lacks both the G/F-rich 
and Cys-repeat regions.7-9 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 

conserved tripeptide HPD (histidine, proline and 
aspartic acid) motif in the JD and the ATPase domain 
of Hsp70.10-12  
 

 
 
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 Tid1 (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.13-15 
In addition, Tid1 has also been suggested to 
translocate the p53 tumor suppressor protein to the 
mitochondria, which triggers the mitochondrial 
apoptosis progress by p53.16 In this machinery 
process, G/F-rich region (residues 158-201) of Tid1 
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.10, 17, 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 Tid1 was 
amplified by polymerase chain reaction (PCR) in the 
region corresponding to residues 89 to 192 (named 
herein extended JD, eJD) of Tid1, followed by 
insertion into a pColdI (Takara) vector, using two 
restriction endonuclease sites, NdeI and XhoI. Stable 
isotope 15N- and 13C/15N-enrichments of recombinant 
Tid1-eJD were performed as described previously.19 
Proteins were overexpressed in Escherichia coli 
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BL21(DE3)pLysS strain transformed with the 
constructed plasmid, followed by purification via 
sequential application of a nickel-affinity (HisTrap 
FF, GE Healthcare) and a gel-filtration (HiLoad 
16/60 Superdex 75, Pharmacia) column 
chromatography. The tagged N-terminal histidines 

were then cleaved with the protease, factor Xa, 
followed by the removal of factor Xa and other 
impurities via the final gel-filtration step for 
buffer-exchange. 
 

 
 
Figure 2. NMR assignments and secondary structure determination. (A) 2D-[1H/15N] HSQC spectrum of Tid1-eJD labeled 
with sequence-specific assignments of individual resonances. Resonances paired with lines originated from side chains of 
Gln or Asn. (B) CSI-based secondary structure determination. 13Cα (blue) and 13Cβ (red) chemical shift deviations from 
reference values (random-coil chemical shifts) are plotted along the amino acid sequence. Determined secondary structure 
elements are shown over the sequence line.  
  
CD (Circular Dichroism) Spectroscopy ‒ A standard 
far-UV CD spectrum of 16 μM Tid1-eJD dissolved in 
20 mM Tris-HCl buffer (pH 7.0) was measured at 

room temperature (approximately 22 ºC) 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 

acquired using Bruker Biospin Avance 800 MHz 
spectrometer equipped with a cryoprobe, at KBSI 
(Korea Basic Science Institute, Ochang, Korea). 
2D-[1H/15N]HSQC spectra were measured with 0.3 
mM of  
 

 
 
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 δHN 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). 
 
[15N]Tid1-eJD dissolved in a 20 mM Tris-HCl buffer 
containing 300 mM NaCl, 1 mM dithiothreitol, and 
7% D2O. The sequential backbone resonance 
assignments of [U-13C/15N]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 NMRPipe21 and analyzed using 
NMRView. The assigned Cα and Cβ chemical shifts 
of Tid1-eJD were used for secondary structure 
determination, on the basis of the chemical shift 
index (CSI) method.22  
 

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 Tid1-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 Tid1-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 1HN, 15N, 13Cα, 13Cβ, and 13CO of Tid1-eJD. 

 
n.a., not available; n.d., not detected. 
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conformation with a predominant α-helical contents 
of secondary structure (Figure 1B).  
   
Backbone NMR assignments ‒ The backbone amide 
resonances of Tid1-eJD in the 2D-[1H/15N]HSQC  
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 CSI-based secondary shift analysis of 13Cα and 
13Cβ (Figure 2B). The result clearly identified five 
α-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).23 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 (δHNs), additionally to the aforementioned 
backbone 13C chemical shifts. It is generally accepted 

that δHN also reflects the secondary structure 
information; up-field shifts in α-helices, whereas 
down-field shifts in β-strands, relative to the 
reference chemical shifts of individual amino acids.24 
However, δHNs particularly in α-helices are also 
sensitive to the structural environments as follows; 
δHN of the ith residue (δHNi) is down-field shifted by 
its strong hydrogen bonds with other residues. In 
addition, the δHNi is further down-field shifted by an 
anisotropy effect of the i-4th carbonyl group, whereas 
it is up-field shifted by the anisotropy effects of the 
i-3th and i-2th carbonyl groups.25 Ten residues (18, 19, 
30, 36, 48, 61, 64, 67, 68, and 92) in Tid1-eJD 
appeared with remarkable down-field shift of δHN, 
of which degree is over the standard deviation value 
(0.636 ppm) from the mean (8.017 ppm) of all δHNs 
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, Tid1-eJD. Based on the chemical shift 
analysis, five α-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 Tid1-eJD and its molecular interaction 
with p53 and/or mortalin.  
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