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Acne is one of the most common dermatological conditions, but the detailed pathology is unclear and current treatment
regimens are plagued by side effects. Cutibacterium acnes is known as a major acne associated bacterium that derives
energy from lipase mediated sebum lipid degradation. C. acnes is commensal, but free fatty acids digested by C. acnes
lipases from triglyceride and lysophosphatidyl choline induce marked inflammation. Up to date, it remains to be elucidated
the lipase activity mechanism at the molecular level. In this study, we report the purification and crystallization of the fulllength lysophospholipase from C. acnes . The crystal diffracted X-rays to a 1.7 Å resolution, revealing that the crystals
belong to space group P 21212, with cell dimension parameters of a = 94.5, b = 129.7, and c = 55.5 Å. Two protomers are
present in the crystallographic asymmetric unit, with a calculated crystal volume per protein weight (VM) of 2.50 Å3Da-1 and
a solvent content of 50.79%. This structure will contribute towards revealing a detailed mechanism of acne development.
INTRODUCTION
Acne is a common skin condition widespread across all cultures
and ages. The prevalence rates are up to 85% in adolescents
and 40% in adults (Poli et al., 2001; Tasoula et al., 2012; Li et al.,
2017). Acne leaves scarring, symptomatic pain, emotional and
psychological disturbances. While neither life threatening nor
physically debilitating, acne can cause social and psychological
discomfort. Even mild facial acne is more commonly associated
with significant depression compared to other skin conditions
such as alopecia or atopic dermatitis (Gupta and Gupta, 1998).
Current studies focus on the Cutibacterium acnes colonization of
sebaceous follicles as a major cause of acne (Dréno et al., 2018).
The pathogenicity is thought to be due to substances generated
by C. acnes , such as free fatty acids, extracellular enzymes, or
virulence factors (Knobler et al., 2004; Mollerup et al., 2016).
However, it is one of the most common bacteria on human skin
that metabolizes sebum and releases fatty acids by secreting
lipases in healthy skin. In this process, skin can be kept acidic
and this functions as a natural barrier from harmful environment,
providing innate skin immunity (Cogen et al., 2008).
Triglyceride and lysophosphatidyl choline are natural modu
lators that emulsify and moisturize skin or hair to prevent
dryness. However, free fatty acids digested by C. acnes lipases
from triglyceride and lysophosphatidyl choline induce marked
inflammation (Marples et al., 1971). In this regard, understanding
the regulatory mechanisms underlying activation of C. acnes
lipases will provide new strategies for relieving inflammation in
acne patients.
At present, the available remedies, such as benzoyl peroxide,
retinoid and antibiotics focus on reducing symptom. However,
there is no direct drug treatment for acne. Because of limited
studies about the pathology, the aim for the therapy is relieving
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symptom or killing bacteria using antibiotics. To facilitate
intelligent drug design, high resolution structures provide both
starting point for structure-based drug design, and enabling
comparisons to find successful approaches in similar species.
Since lipolytic activity is a key metabolic pathway for C. acnes ,
we focused on one of the lipases, lysophospholipase. As the first
step towards structure determination of the lysophospholipase
from C. acnes , we have overexpressed it in Escherichia coli and
crystallized it. Its crystallization conditions and preliminary X-ray
crystallographic data are reported here.

RESULTS AND DISCUSSION
The full-length lysophospholipase from C. acnes was over
expressed in the E. coli expression system. The recombinant
protein contained the N-terminal hexahistidine tag and the TEV
protease recognition site. Ni-NTA affinity chromatography was
applied for the initial purification from the soluble lysate of the
cultured E. coli cells. The protein was further purified using
size-exclusion chromatography. The final protein sample was
concentrated to 10 mg/ml, which was measured by Bradford
assay, with a high purity of >95% on SDS-PAGE (Figure 1). The
protein band appeared just under the molecular weight of 37
kDa on the SDS polyacrylamide gel, which is well matched to the
theoretical value of the protein (34.4 kDa). The molecular weight
of the recombinant lysophospholipase was estimated to be ~72
kDa by gel filtration chromatography, indicating that this protein
exists as a homodimer in solution.
The presence of N-terminal tag did not prevent the
recombinant protein from forming crystals that are suitable
for structure determination at sufficiently high resolution. The
best crystals were grown using reservoir solution consisting
of 25% (w/v) PEG 8K and 0.1 M Tris (pH 8.0). Crystals grew to
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FIGURE 1 I The purified protein band on 15% SDS-polyacrylamide gel.
The left line represents the protein size markers (kDa).

FIGURE 3 I A representative diffraction image. The resolution circles for
1.7 Å and 2.2 Å are shown in dotted lines. The blue rectangular area in the left
bottom corner is enlarged in the right bottom corner.

TABLE 1 I C. acnes lysophospholipase production information
Lysophospholipase

FIGURE 2 I A crystal of the C. acnes lysophospholipase protein. The
approximate dimension of the crystal is 0.04 × 0.04 × 0.50 mm.

dimensions of 0.04 × 0.04 × 0.50 mm within 3 days (Figure 2).
For cryo-protection, the crystals in the drop were transferred
to a cryoprotectant solution with 30% (v/v) glycerol in the
crystallization condition for several minutes before being flashfrozen in a stream of nitrogen gas at 100 K. For data collection,
we used Pohang Accelerator Laboratory (Pohang, Republic
of Korea) 7A beamline at a wavelength of 0.97934 Å, and we
finally collected the dataset with 99.9% completeness and 1.70
Å resolution (Figure 3 and Table 1). The crystal lattice belonged
to the primitive monoclinic space group, and the analysis of
the diffraction along the h, k, l axes further revealed a space
group of P 21212, with cell dimension parameters of a = 94.5,
b = 129.7, and c = 55.5 Å. Two protomers are present in the
crystallographic asymmetric unit, with a calculated crystal
volume per protein weight (V M) of 2.50 Å 3Da -1 and a solvent
content of 50.79% (Matthews, 1968).
The molecular replacement trials were failed to determine
the structure, and we are now growing the Se-Met substituted
crystals for phasing to solve the crystal structure of lysophos
pholipase. This structure will provide molecular insights into

www.bdjn.org

Source organism

Cutibacterium acnes ATCC 11828

DNA source

Genomic DNA

Forward primer

CCAGGGAGCAGCCTCGATGGCATTGCAGGAAAT
CGAATTC

Reverse primer

GCAAAGCACCGGCCTCGATTCCTCTTGGCCACT
CGATC

Expression vector

pLIC-His

Expression host

E. coli BL21 (DE3)

MHHHHHHENLYFQGAASMALQEIEFTSHNGRDAI
QAWAYEPVGTPTAVVQIIHGLGEHSRRYLHMISALL
DAGFVVIADDHAGHGRTAMQSGVWADAGDNAAE
VVISDELTLQQQLAGQFDDLPWVVFGHSWGSMIAR
AMATRPGTRLDGLALCGIVAQPRGFETTLDHKTLA
The complete amino- KAMATAPTDPAPEALVAQMFDGFADRLSEDDGPTG
acid sequence of the WVARSKEVVADHGKDKFNNFGAPMSTRFLQGLAD
construct produced
IYAMANGDSFYATMPNIPIVLFAGSEDPAGDFGTGV
KAVAERLRRDGHNVELHLYDGLRHEVHNEPESRAD
VESSLVTFVDRVANRRIKRSR
(The underlined residues are additional residues
that encode an N-terminal hexa-histidine tag, TEV
cleavage site, and GAAS residues for LIC cloning.)

the property of C. acnes lipase. Further researches on various
C. acnes lipases, exposed to different environments, will aid
novel inhibitor development which has been neglected for over a
decade.

METHODS
Construction for the protein expression
The gene coding of lysophospholipase (NCBI reference
sequence: WP_002514103.1) was amplified from the genomic
DNA from C. acnes ATCC 11828 by using PCR. (See Table 1
for the primer sequences) and inserted into pLIC-His vector

Bio Design l Vol.8 l No.1 l Mar 30, 2020

29
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which was made for ligation independent cloning (LIC) as
previously described (Cabrita et al., 2006; Eschenfeldt et al.,
2009). The resulting construct has 17 additional residues
(MHHHHHHENLYFQGAAS) that encode an N-terminal hexahistidine tag, TEV cleavage site, and GAAAS residues for LIC
cloning (Table 1). The sequences of the cloned genes were
confirmed by DNA sequencing (results not shown).
Protein expression and purification
To express the protein, the recombinant plasmid was trans
formed into E. coli BL21 (DE3) cells. The bacterial cells were
grown in LB medium supplemented with ampicillin (50 μg/
ml) at 37°C until OD 600 reached to 0.5. Recombinant protein
expression was induced by adding 0.5 mM IPTG to the culture
medium. After an additional 4 h of growth, cells were harvested
by centrifugation at 4,500 g at 4°C. Cell pellet was resuspended
with 50 ml of lysis buffer containing 50 mM Tris (pH 7.5), 0.5 M
NaCl, and 10 mM imidazole and disrupted using an Ultrasonic
processor (Cole-Parmer, U.S.A.). The cell lysate was centrifuged
at 20,000 g for 1 h at 4°C to remove the cell debris.
The cleared supernatant was purified by binding to a Ni-NTA
(Ni2+-nitrilotriacetate) affinity column (3 ml of resin per litre of cell
culture; Qiagen, Germany) previously equilibrated with the same
buffer. The resin was washed with 300 ml of a buffer containing
50 mM Tris (pH 7.5), 0.5 M NaCl, 20 mM imidazole, and then the
protein was subsequently eluted with 30 ml of a buffer containing

TABLE 2 I X-ray diffraction and cell content analysis
Data collection

Lysophospholipase

Beam line

PAL 7A

Wavelength (Å)

0.97934

Rotation range per image (°)

1

Total rotation range (°)

360

Exposure time per image (s)

0.1

Crystallization was performed at 293 K using 24-well VDX plates
(Hampton Research, U.S.A.). Initial crystallization conditions
were established using screening kits from Hampton Research
(Crystal Screens I and II, Index, PEG/Ion, and MembFac) and
from Emerald Biosystems (Wizard I, II, III, and IV). For the optimal
growth of lysophospholipase crystals, each hanging drop was
prepared on a siliconized cover slip by mixing 1 μl of precipitant
solution (25% (w/v) PEG 8K and 0.1 M Tris (pH 8.0)) and 1 μl of
protein solution (10 mg/ ml). This drop was equilibrated against
1 ml reservoir of precipitant solution. This condition yielded rodshaped crystals suitable for data collection in three days (Figure
2).
Data collection and processing
For data collection under cryogenic conditions, the crystals
were transferred to a cryoprotectant solution with 30% (v/v)
glycerol in the crystallization condition for several minutes before
being flash-frozen in a stream of nitrogen gas at 100 K. The
datasets were collected on ADSC quantum Q270 CCD detector
in beamline 7A of Pohang Accelerator Laboratory, Republic of
Korea, at a wavelength of 0.97934 Å. The program HKL-2000
was used to process, merge, and scale the diffraction datasets
(Otwinowski and Minor, 1997). Data collection statistics are
summarized in Table 2.
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Cell dimensions (Å)

a

94.5

b

129.7

c

55.5
40.0-1.70 (1.73-1.70)

Total No. of reflections

R merge

Crystallization

P 21212

Space group

Resolution (Å)

50 mM Tris (pH 7.5), 0.5 M NaCl, 200 mM imidazole. Further
purification and buffer exchange were achieved by size-exclusion
chromatography using a Superdex 75 (10/300 GL) column (GE
Healthcare Life Sciences, U.S.A.) that was previously equilibrated
with 50 mM Tris (pH 7.5) and 0.15 M NaCl. The purity of
recombinant lysophospholipase was estimated to be over 95%
by SDS-PAGE (Figure 1). The purified protein was concentrated
to 10 mg/mL by ultrafiltration in 10,000 Da molecular-mass cutoff spin columns (Millipore, U.S.A.), and stored frozen at –80°C
until use.

75978
0.059 (0.184)

High resolution shell CC1/2

0.984

I /σI

66.5 (14.4)

Completeness (%)

99.9 (99.6)

Redundancy

13.4 (8.5)

No. of molecules in asymmetric unit

2

VM (Å3/Da)

2.50

Solvent contents (%)

50.79

We are grateful to the staff of Pohang Light Source beamline
7A in Korea for their help with the X-ray experiments. This work
was supported through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education of the Korean
government [grant number 2017R1D1A1B03033857] and by a
grant from Daegu Haany University Kylin Foundation.
CONFLICT OF INTEREST
The authors declare no potential conflicts of interest.

Original Submission: Feb 24, 2020
Revised Version Received: Mar 11, 2020
Accepted: Mar 12, 2020

*Values in parentheses are for the highest resolution shell.

30

Bio Design l Vol.8 l No.1 l Mar 30, 2020

www.bdjn.org

Ae-Ran Kwon

REFERENCES
Cabrita, L.D., Dai, W., and Bottomley, S.P. (2006). A family of E. coli
expression vectors for laboratory scale and high throughput soluble
protein production. BMC Biotechnol 6, 12.
Cogen, A.L., Nizet, V., and Gallo, R.L. (2008). Skin microbiota: a source of
disease or defence? Br J Dermatol 158, 442-455.
Dréno, B., Pécastaings, S., Corvec, S., Veraldi, S., Khammari, A., and
Roques, C. (2018). Cutibacterium acnes (Propionibacterium acnes ) and
acne vulgaris: a brief look at the latest updates. J Eur Acad Dermatol
Venereol 32 Suppl 2, 5-14.
Eschenfeldt, W.H., Lucy, S., Millard, C.S., Joachimiak, A., and Mark, I.D.
(2009). A family of LIC vectors for high-throughput cloning and purification
of proteins. Methods Mol Biol 498, 105-115.
Gupta, M.A., and Gupta, A.K. (1998). Depression and suicidal ideation in
dermatology patients with acne, alopecia areata, atopic dermatitis and
psoriasis. Br J Dermatol 139, 846-850.
Knobler, S.L., O'Connor, S., Lemon, S.M., and Najafi, M. (2004). The
infectious etiology of chronic diseases: defining the relationship,
enhancing the research, and mitigating the effects: workshop summary.
Institute of Medicines (US) Forum on Microbial Treats. Washington (DC):
National Academies Press (US).
Li, D., Chen, Q., Liu, Y., Liu, T., Tang, W., and Li, S. (2017). The prevalence

www.bdjn.org

of acne in Mainland China: a systematic review and meta-analysis. BMJ
Open 7, e015354.
Marples, R.R., Downing, D.T., and Kligman, A. M. (1971). Control of free
fatty acids in human surface lipids by Corynebacterium acnes . J Invest
Dermatol 56, 127-131.
Matthews, B.W. (1968). Solvent content of protein crystals. J Mol Biol 33,
491-497.
Mollerup, S., Friis-Nielsen, J., Vinner, L., Hansen, T.A., Richter, S.R.,
Fridholm, H., Herrera, J.A., Lund, O., Brunak, S., Izarzugaza, J.M., Mourier,
T., Nielsen, L.P., and Hansen, A.J. (2016). Propionibacterium acnes :
disease-causing agent or common contaminant? Detection in diverse
patient samples by next-generation sequencing. J Clin Microbiol 54, 980987.
Otwinowski, Z., and Minor, W. (1997). Processing of X-ray diffraction data
collected in oscillation mode. Methods Enzymol 276, 307-326.
Poli, F., Dreno, B., and Verschoore, M. (2001). An epidemiological study of
acne in female adults: results of a survey conducted in France. J Eur Acad
Dermatol Venereol 15, 541-545.
Tasoula, E., Gregoriou, S., Chalikias, J., Lazarou, D., Danopoulou, I.,
Katsambas, A., and Rigopoulos, D. (2012). The impact of acne vulgaris on
quality of life and psychic health in young adolescents in Greece. Results
of a population survey. An Bras Dermatol 87, 862-869.

Bio Design l Vol.8 l No.1 l Mar 30, 2020

31

