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a b s t r a c t 

The monomeric red fluorescent protein DsRed (mDsRed) is 

an optical probe widely used in multicolor applications in 

flow cytometry and fluorescence microscopy. Although the 

crystal structure of monomeric DsRed has been determined, 

its molecular dynamics have not been fully elucidated. To 

better understand its molecular flexibility, the crystal struc- 

ture of mDsRed was recently determined, and its structure 

and temperature factors were analyzed. Solvent-accessible 

hole connected with the mDsRed chromophore was observed 

on the mDsRed surface structure. Electron density map anal- 

ysis showed the tyrosine-ring group of the mDsRed chro- 

mophore in a cis -conformation, exhibiting flexibility with a 

nonplanar configuration between the tyrosine and imidazo- 

line rings of the chromophore. Temperature factor analysis 

indicated that the top and bottom of the β-barrel are rela- 

tively flexible. These structural findings extended our under- 

standing of the molecular flexibility of mDsRed. The detailed 

data collection and structure determination reported in this 

study can be used for future structural analyses. 
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c  

a  
pecifications Table 

Subject Biological science 

Specific subject area Structural Biology 

Type of data Processed 

Data collection Synchrotron: Pohang Light Source II (PLS-II) 

Beamline: 7C 

Detector: Q270 CCD X-ray detector (ADSC, USA) 

Data collection energy: 14.82 keV 

Data collection temperature: 100 K 

Data processing program: HKL20 0 0 

Data source location Institution: Kookmin University 

City/Town/Region: Seoul 

Country: Republic of Korea 

Data accessibility Structure factor and coordinates 

Repository name: Protein Data Bank 

Data identification number: https://doi.org/10.2210/pdb8WGP/pdb 

Direct URL to data: https://www.rcsb.org/structure/8WGP 

Instructions for accessing these data: Coordinate and structure factor can be 

download without permission. 

Related research article K.H. Nam, Structural Flexibility of the Monomeric Red Fluorescent Protein 

DsRed. Crystals 14 (1), 62; https://doi.org/10.3390/cryst14010062 [ 1 ]. 

. Value of The Data 

• These data provide the coordinates and structure factors of mDsRed to aid in understanding

its molecular function. 

• These data offer useful information about the flexibility of the mDsRed chromophore in its

nonplanar configuration, which contributes to the understanding of the molecular dynamics

of fluorescent proteins (FPs). 

• These data show distinct temperature factors compared to the previously determined mD-

sRed structure, providing insights into the molecular flexibility of mDsRed. 

• These data can be used to engineer FPs to improve their fluorescence properties. 

. Background 

Fluorescent proteins are widely used as optical probes in molecular and cellular biology and

s biosensor probes for detecting metal ions and pH levels [ 2–6 ]. The original tetrameric DsRed,

erived from the reef coral Dendronephthya sp., was engineered into monomeric DsRed (mD-

Red) to avoid slow maturation and challenges in FRET applications [ 7–10 ]. mDsRed is widely

sed in multicolor applications such as flow cytometry and fluorescence microscopy [ 11 ]. The

verall structure of mDsRed has been reported, providing useful information for understanding

he structural properties of mDsRed [ 10 ]. However, the structural dynamics of mDsRed have not

een fully elucidated. To understand the fundamental properties of mDsRed, recent studies have

nalyzed the structural dynamics of mDsRed using new crystal structures [ 1 ]. In this study, the

etailed data collection and structure determination of mDsRed are reported for future utiliza-

ion of the mDsRed structure. 

. Data Description 

The indexing results of X-ray diffraction (XRD) experiments showed that rod-shaped mDsRed

rystals belonged to the monoclinic space group P21 . The unit cell dimensions of mDsRed were

 = 39.56 Å, b = 107.00 Å, c = 50.02 Å, and β = 104.86 ° ( Table 1 ). Matthews coefficient analysis

https://doi.org/10.2210/pdb8WGP/pdb
https://www.rcsb.org/structure/8WGP
https://doi.org/10.3390/cryst14010062
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Table 1 

Data collection statistics for mDsRed 

Data collection mDsRed 

X-ray energy (eV) 14820 

Space group P21 

Cell dimension 

a, b, c (Å) 

α, β , γ ( °) 
39.56, 107.00, 50.02 

90.00, 104.86, 90.00 

Resolution (Å) 50.0–2.90 (2.95–2.90) 

Unique reflections 8136 (362) 

Completeness (%) 91.5 (80.6) 

Multiplicity 2.8 (2.1) 

I/sigma 36.47 (5.63) 

Rmerge 0.157 (0.354) 

Rmeas 0.152 (0.441) 

Rpim 0.261 (0.102) 

CC1/2 0.929 (0.646) 

CC∗ 0.980 (0.886) 

Values for the outer shell are given in parentheses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

showed that two mDsRed molecules occupied an asymmetric unit, with a VM of 2.11 Å ³/Da and

a solvent content of 41.84 %. XRD data were processed in the range of 50.0–2.9 Å resolution, with

8,136 unique reflections. The overall completeness, redundancy, and I/ σ of mDsRed were 91.5 %,

2.8, and 12.62, respectively. The overall I/ σ , Rmerge , Rmeas , Rpim 

, CC1/2, and CC∗ values of mDsRed

XRD data were 12.62, 0.157, 0.152, 0.188, 0.929, and 0.980, respectively ( Fig. 1 ). At low (50.00–

7.86 Å) resolution, the I/ σ , Rmerge , Rmeas , Rpim 

, CC1/2, and CC∗ values were 30.16, 0.090, 0.107,

0.056, 0.990, and 0.998, respectively. At high (2.95–2.90 Å) resolution, the I/ σ , Rmerge , Rmeas ,

Rpim 

, CC1/2, and CC∗ values were 4.04, 0.354, 0.443, 0.261, 0.646, and 0.886, respectively. 

Fig. 1. Data processing results of mDsRed for (A) I/ σ and Rmerge , (B) Rmeas and Rpim, and (C) CC1/2 and CC∗ . 

The phasing problem of mDsRed was solved using the molecular replacement method. The

electron density map was suitable for model building for all residues. The resolution of the final

refinement of the mDsRed structure was 26.10 to 2.90 Å, with a completeness of 90.7 %. A total

of 7,733 reflections were used in refinement, with a free R-value test set count of 388. The Rwork 

(working + test set), Rwork (working set), and Rfree values of the final structure of mDsRed were

0.199, 0.197, and 0.242, respectively ( Table 2 ). A total of 3,510 protein atoms without hydrogen

and 44 water molecules were defined. The correlation coefficients Fo-Fc and Fo-Fc free were

0.903 and 0.856, respectively. The RMS deviation of bond lengths and angles were 0.011 and

1.680, respectively. 

Ramachandran analysis of the deposited mDsRed showed that 388 and 33 of 427 residues

were in the favored (90.9 %) and allowed (7.7 %) regions, respectively ( Fig. 2 ). Meanwhile, Lys50

(phi, psi: 157.6, 114.8), Pro190 (−64.5, −136.7), and Asn192 (−59.2, 97.1) from chain A and Glu5

(−35.0, −31.6), Glu34 (170.1, 147.5), and Lys50 (166.4, 126.2) from chain B were in the outlier

(1.4 %) region ( Fig. 2 ). 
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Table 2 

Refinement statistics for mDsRed. 

Refinement mDsRed 

Resolution (Å) 26.10–2.90 

Rwork 
a 0.197 

Rfree 
b 0.242 

RMS deviations 

Bonds (Å) 0.011 

Angles ( °) 1.680 

B factors (Å2 ) 

Protein 13.50 

Chromophore 25.53 

Ramachandran plot 

Favored (%) 90.5 

Allowed (%) 7.9 

Disallowed (%) 1.6 

a Rwork = �||Fobs| � |Fcalc||/ �|Fobs|, where Fobs and Fcalc are the observed and calculated structure factor ampli- 

tudes, respectively. 
b Rfree was calculated as Rwork using a randomly selected subset of unique reflections not used for structural refine- 

ment. 

Fig. 2. Ramachandran plot of the deposited crystal structure of mDsRed. 
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The crystal structure of mDsRed exhibited the β-barrel fold ( Fig. 3 A). The mDsRed chro-

ophore, generated by post-translational modification of the Gln66-Tyr67-Gly68 tripeptide, is

lmost at the center of the β-barrel fold ( Fig. 3 B). The surface structure of mDsRed showed that

he mDsRed-B molecule exhibited a solvent-accessible hole with ∼3.80 Å diameter between the

7 and β10 strands, which connects with the chromophore, whereas no accessible hole was

bserved in the mDsRed-A molecule, indicating that the residues near the β7 and β10 strands

ere flexible. The observed hole in mDsRed-B is ∼8.16 Å away from the hydroxyl group of the

yrosine ring in the chromophore. 
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Fig. 3. Crystal structure of mDsRed. (A) Cartoon representation of mDsRed containing the chromophore comprising the 

tripeptide Gln66-Tyr67-Gly68. (B) Surface structure of mDsRed showing the hole between the β7 and β10 strands of 

mDsRed-B. 

Fig. 4. Conformation of the mDsRed chromophore. (A) 2mFo-DFc (blue mesh, 0.8 σ ) and mFo-DFc (green mesh, 3.0 

σ and red mesh, −3.0 σ ) electron density maps of the mDsRed chromophore. (B) Analysis of the configuration of the 

mDsRed chromophore. The figure was obtained from [ 1 ] and modified. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The electron density map of the β-barrel region containing the residues near the chro-

mophore was observed, whereas the electron density map of the tyrosine-ring group in the

chromophore was relatively poor ( Fig. 4 A), indicating the conformational flexibility of the

mDsRed chromophore. The two mDsRed chromophores are in cis -configuration between the

tyrosine- and imidazoline-ring groups. The side view of the chromophore showed a nonplanar

configuration between the tyrosine- and imidazoline-ring groups in the mDsRed chromophore

( Fig. 4 B). The position of the tyrosine ring of mDsRed-A was moved and rotated to the bot-

tom direction by 2.0 Å and 30 °, respectively. The position of the tyrosine ring of mDsRed-B was

moved and rotated to the bottom direction by 0.7 Å and 30 °, respectively ( Fig. 4 B). mDsRed

chromophores interacted with Pro63, Arg95, Ser146, His163, Ser197, and Glu215 ( Table 3 ). 

The B-factor putty representation showed that the β-barrel fold of mDsRed was rigid,

whereas the N- and C-terminal regions exhibited high flexibility ( Fig. 5 A). B-factor analysis in-

dicated that the loop containing Asp78 and Asp207 in mDsRed-A and that containing Pro186,

Gln188, and Asp132 in mDsRed-B were relatively more flexible compared to β-barrel regions

( Fig. 5 B). Comparison of the B-factor and normalized B-factor values for mDsRed-A and mDsRed-

B revealed distinct molecular flexibility, which may be attributed to the influence of crystal pack-

ing. 

The coordinates and structure factors of mDsRed can be downloaded from the Protein Data

Bank (PDB; https://www.rcsb.org/structure/8WGP ) in the following formats: structure coordi-

nates (PDBx/mmCIF, PDBML, PDB), XRD data (PDBx/mmCIF), and map coefficients (MTZ format).

https://www.rcsb.org/structure/8WGP
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Table 3 

Interactions between the chromophore and its neighboring residues. 

Chromophore (atom) Residue (atom) 

Distance (Å) 

mDsRed-A mDsRed-B 

CRQ66 (OH) 

Ser146 (OG) 2.49 2.29 

His163 (NE2) 3.89 3.26 

Ser197 (O) 3.49 3.44 

CRQ66 (N2) 
Pro63 (O) 3.49 3.79 

Glu215 (OE1) 3.18 3.26 

CRQ66 (O2) Arg95 (NH2) 3.14 2.99 

CRQ66 (OE1) Gln213 (NE2) 3.27 3.01 

Fig. 5. Flexibility of mDsRed. (A) B-factor putty representation of mDsRed-A and mDsRed-B. (B) Profile of the B-factor 

and normalized B-factor for mDsRed-A (blue) and mDsRed-B (red). 
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o  
he validation report (PDF, mmCIF) for the deposited mDsRed is also available for download.

dditionally, information on data collection and structure determination has been deposited in

he Protein Data Bank. 

. Experimental Design, Materials and Methods 

The sample preparation, XRD data collection, and structure determination were reported pre-

iously [ 1 ]. Briefly, the pDsRed-Monomer vector containing mDsRed (catalog no. 632467; Takara,

higa, Japan) was transformed into Escherichia coli BL21 (DE3). Cells were grown in an LB broth

edium containing ampicillin (0.1 μg/mL) at 37 °C until an OD600 of 0.5–0.6 was reached. Protein

xpression was induced by adding isopropyl β-D-thiogalactopyranoside. Cells were incubated at

0 °C overnight and stored at 4 °C for 1 day. After cell disruption by sonication, the mDsRed

upernatant was purified by heat treatment and size exclusion chromatography. mDsRed (pu-

ity: 70–80 %) was crystallized using the sitting-drop vapor diffusion method at 18 °C. mDsRed

rystals were obtained using a crystallization solution containing 0.1 M bis-Tris (pH 5.5), 0.2

 magnesium chloride, and 25 % (w/v) polyethylene glycol 3,350. Rod-shaped mDsRed crystals

10 × 25 × 200 μm ³) were obtained within 2 months and used for XRD data collection at the

C beamline at the Pohang Light Source II (Republic of Korea) [ 12 ]. A mDsRed crystal was cry-

protected with a crystallization solution supplemented with 20 % (v/v) glycerol for 10 s. XRD
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data were collected at 100 K, recorded on a Pilatus 6M detector (DECTRIS, Baden, Switzerland),

and processed with the HKL20 0 0 program [ 12 ]. The electron density map was obtained using

the molecular replacement method with MOLREP (version 11.2.08) [ 13 ] implemented in CCP4

[ 14 ]. Structure building was performed using COOT (version 0.9.6) [ 15 ]. The model structure was

refined with REFMAC5 (version 5.8.0267) [ 16 ] implemented in CCP4 [ 14 ]. The model structure

was evaluated with MolProbity [ 17 ]. The structure factor and coordinate were deposited in the

PDB ( http://rcsb.org ) under accession code 8WGP. 

Limitations 

Not applicable. 

Ethics Statement 

This work meets the ethical requirements for publication in this journal. This work does not
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Data Availability 

Crystal structure of DsRed-Monomer (Original data) (Protein Data Bank). 
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