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Lid mobility in lipase SNMIG1 validated using a thiol/
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Most lipases possess a lid domain above the catalytic site that is responsi-
ble for their activation. Lipase SMGI1 from Malassezia globose CBS 7966
(Malassezia globosa LIP1), is a mono- and diacylglycerol lipase with an
atypical loop-like lid domain. Activation of SMG1 was proposed to be
solely through a gating mechanism involving two residues (F278 and
N102). However, through disulfide bond cross-linking of the lid, this study
shows that full activation also requires mobility of the lid domain, contrary
to a previous proposal. The newly introduced disulfide bond makes lipase
SMGTH eligible as a ratiometric thiol/disulfide redox potential probe, when
it is coupled with chromogenic substrates. This redox-switch lipase could
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also be of potential use in cascade biocatalysis.

Lipases are a large group of enzymes capable of
promiscuous reactions, including the well known
hydrolysis and esterification of lipids, as well as the
less known reactions such as C-C bond formation,
C-heteroatom bond formation, and oxidative pro-
cesses [1].

Lipase SMGI1 from Malassezia globose CBS 7966
[2], or Malassezia globosa LIP1, is a mono- and diacyl-
glycerol lipase that does not accept triacylglycerides
(TAGs), but only mono- and diacylglycerides (MAGs
and DAGS) as substrates, which seems to be related to
the specific hydrophobic interactions near the catalytic
site [3]. In addition to being an antidandruff target [4],
lipase SMGI1 is also a versatile biocatalyst and has
been extensively characterized in terms of DAG pro-
duction [5], phospholipids modification [6], as well as
epoxidation of alkenes [7].

Crystal structures of SMGI1 have been solved both
in the apo-enzyme form (closed, PDB: 3UUE) [8] and
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in complex with product (open, PDB: 4ZRD) [9].
Aside from the canonical o/f hydrolase fold, catalytic
triad and oxyanion hole, SMGI1 has a unique lid frag-
ment (T101-D119) in the form of a loop, while most
lipases have a-helical lids. In most cases, lid domain is
responsible for regulating the catalytic activity of
lipase through conformational changes, it can either
shield the catalytic site from the substrate by hovering
over the catalytic pocket, or it can activate the lipase
by moving away. Many studies have been devoted to
the elucidation of lipase activation process at a molec-
ular level [10,11], gaining insight into the plasticity of
the key structural regions relevant to activation, in an
effort to offer guidelines for developing highly per-
forming biocatalysts better suited to industrial needs.
Previous studies identified that residue 102 within the
lid of lipase SMG1 and residue 278 function as a gate,
which regulates the active and inactive states of the
lipase [9]. Since no structural discrepancy was observed

DAG, diacylglycerol; DTT, dithiothreitol; GSSG, glutathione oxidized; MAG, monoacylglycerol; pNPC, p-nitrophenyl octanoate;

TAG, triacylglycerol; TCEP, tris(2-carboxyethyl)phosphine; WT, wild-type.
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for the lid domain between the product-bound open
structure and the closed form, plus the relatively low
B-factor, the rest of the lid in lipase SMGI was
ascribed to be stable during activation.

To further validate whether this is indeed the case,
we cross-linked the lid to the main scaffold of lipase
SMGI1 by introducing a disulfide bond that could be
reversibly controlled through reduction or oxidization.
This design allows us to investigate whether the mobil-
ity of the lid is absolutely necessary for the activation
of lipase SMGI.

Materials and methods

Chemicals

Endoproteinase trypsin (modified, sequencing grade) was
obtained from Promega (Madison, WI, USA). TCEP and
GSSG were obtained from Aladdin (Shanghai, China).
DTT was purchased from Sangon (Shanghai, China). All
other chemicals were purchased from Sigma (St. Louis,
MO, USA).

Protein expression and purification

The proteins were expressed in Pichia pastoris. SMGI1-WT
was expressed with no tag and purified with anion-
exchange chromatography [12], while the mutant was
expressed as a C-terminal His-tagged enzyme and purified
by immobilized metal chromatography [3]. The C-terminal
his tag has been shown to have no influence on the activity
of the enzyme [13].

Disulfide bond mapping using NanoLC-ESI-MS/
MS

The lipase was denatured with 6 M Guanidine hydrochlo-
ride, and alkylated with iodoacetamide (50 mm, pH 8.0) to
avoid possible formation of disulfide bonds between free
cysteines. The sample was then desalted by dialysis, followed
by the proteolytic digestions with trypsin in 100 mm
NH4HCO;, pH 8.0 at 37 °C for 2 h. The digested sample
was then split into two fractions of equal volumes. Fraction
one was analyzed by NanoLC-ESI-MS/MS directly. Frac-
tion two was reacted with 5 mm of DTT first, followed by
reaction with 5 mm of iodoacetamide before being subjected
to NanoLC-ESI-MS/MS. The data from two fractions were
analyzed with ProtTech s2mar software (ProtTech Inc.,
Phoenixville, PA, USA) package to identify the amino acid
sequences of disulfide bond-linked peptides. The identified
hits were then validated manually.

NanoLC-ESI-MS/MS analysis of digested protein
samples was carried out on HPLC system (Agilent, Santa
Clara, CA, USA) using a reverse phase C18 column
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(80 mm x 7.5 mm i.d., 3-um particle size). Solvent A was
composed of 97.5% water, 2% acetonitrile, 0.5% formic
acid. Solvent B was of 9.5% water, 90% acetonitrile, 0.5%
formic acid. The linear gradient from 2% Solvent B to 90%
solvent B in 60 min was used at a flow rate of 800 nL-min "
The HPLC system was coupled on-line with a Quadru-
pole ion trap mass spectrometer (Thermo, Palo Alto, CA,
USA) in a way that samples eluted from the HPLC column
were directly ionized by an electrospray ionization (ESI)
process and entered into the mass spectrometer. The ioniza-
tion voltage was optimized (within 1.2-1.8 kv). The capil-
lary temperature was set at 110 °C. The mass spectrometer
was set at the data-dependent mode to acquire MS/MS data
via a low-energy collision-induced dissociation (CID) pro-
cess. The default collision energy was 33% and the default
charge state was 3. One full scan with 1 microscan with a
mass range of 550-1800 amu was acquired, followed by one
MS/MS scan of the most intense ion with a full mass range
and three microscans. The dynamic exclusion feature was
set as following: repeat count of 1 within 0.3 min and exclu-
sion duration of 0.4 min. The exclusion width was 4 Da.

Lipase assay using pNPC

Oxidization of the mutant was done through full DTT
reduction (10 mm) for 1 h, followed by oxidization with
50 mm of GSSG for 3 h, while buffered at the same time
with 100 mm sodium phosphate, 0.1% gum arabic, pH 6.0.
Reduction treatment of lipases was done by incubation
with 10 mm of TCEP for 10 min, while buffered with
100 mm PIPES, 0.1% gum arabic, pH 6.7 instead, since
TCEP is not compatible with phosphate buffer [14]. The
reducing effect of TCEP and DTT are equivalent in
this case, DTT (longer treatment required) was used in
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Fig. 1. SDS/PAGE of SMG1-L106C/V233C. Lane 1, L106C/V233C
without DTT treatment; Lane 2, L106C/V233C treated with 10 mm
DTT.
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Fig. 2. Glycerol-bound structure of SMG1-F278N (PDB: 4ZRD) with
relevant residues and glycerol shown in sticks. Disulfide bond to
be introduced between residues 233 and 106 is labeled with a
black line.

GSSG-oxidizing treatment for its reversibility. The reaction
mixture contained 2 plL of treated/untreated lipase, 88 pL
buffer (phosphate buffer for untreated/oxidized lipase,
PIPES buffer for reduced lipase), and 10 pL of 1 mm
pNPC in ethanol. The end-point assay performed at room
temperature was terminated by 0.1 m Tris, 1% SDS after
3 min. Relative activities were derived from specific activi-
ties using the activity of untreated WT as 100%.

Table 1. Disulfide mapping of SMG1-L106C/V233C.

Validation of lid mobility in lipase SMG1

Lipase assay using DAG

Diacylglycerol of 1 g was emulsified in 9 mL of the phos-
phate buffer described above supplemented with 1% poly-
vinyl alcohol. Lipase SMG1 (2 mg-mL ") was reduced with
10 mm of DTT on ice for 3 h; oxidization was done
through further incubation with 50 mm of GSSG. DAG
hydrolysis was carried out as described before [9]. The reac-
tion system contained 2.5 mL of DAG emulsion (about
0.25 g DAG) and 0.1 mg lipase in 0.5 mL of 100 mm phos-
phate, 0.1% gum arabic, pH 6.0, and was conducted at
30 °C. Relative activities were derived from specific activi-
ties using the activity of untreated WT as 100%.

Results and Discussion

Disulfide bond mapping of mutant L106C/V233C

Upon close inspection of the crystal structure of
SMG1, positions 106 and 233 were identified to be
close enough for disulfide bond introduction, hence
a double mutant L106C/V233C was constructed and
purified. No dimer was detected by SDS/PAGE
under oxidized/reduced conditions (Fig. 1). However,
since a native disulfide bond (C57-C297) and a free
cysteine exist in the wild-type lipase SMG1 (Fig. 2),
NanoLC-ESI-MS/MS was used to map the disulfide
bonds within mutant L106C/V233C. Unfortunately,
as shown in Table I, only 31.5% of the disulfide
bonds were formed as intended between C106 and
C233, leaving roughly two-thirds of the protein
with mismatched disulfide bonds and thus misfolded
and inactivated (mass values for trypsin digested

Disulfide bond Percentage® Calculated mass Measured mass Sequence®
C57-C106 0.70 1406.95 1406.24 EISLAAGLVQQTYCDSTENGLK
|
C57_C233 56.60 113723 113716 VNIYHSPSLGIAVAIEGTNLFSCNSDLHDAK
R ’ ' ' EISLAAGLVQQTYCDSTENGLK
|
DWVPTCPPR
C106-C180 7.60 1414.20 1416.37 VNIYHSPSLGIAVAIEGTNLFSCNSDLHDAK
|
VTVIGHSLGAAMGLLCAMDIELR
C106-C233 31.50 1452.37 1452.40 VNIYHSPSLGIAVAIEGTNLFSCNSDLHDAK
|
DWVPTCPPR
C180-C233 3.60 1147.23 1148.05 VTVIGHSLGAAMGLLCAMDIELR

DWVPTCPPR

aPercentage of the corresponding disulfide bond linked peptide among all the detected disulfide bond linked peptides. "Disulfide bond link-

ages are indicated by lines.
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fragments under reduced condition are shown in
Table 2, while the MSMS spectra of the disulfide
linked peptides are shown in Fig. 3.). Nevertheless,
given the soluble nature of mutant L106C/V233C,
refolding could be used to regain the natural confor-
mation and the right match of disulfide bonds, with
the help of a pair of redox-shuffling agents, such as
DTT/GSSG [15].

Lid mobility is required for full activation of
lipase SMG1

To investigate whether the mobility of the lid is abso-
lutely necessary for activation, lipase activities of the
mutant against pNPC were measured under reduced
and oxidized conditions, which correspond to the free
and cross-linked states of the lid domain, respectively.
DTT (slow, reversible) or TCEP (fast, irreversible) was
used for reduction [14], while oxidization was achieved
through reducing/refolding followed by GSSG treat-
ment. As shown in Fig. 4, neither activity of the
reduced WT or L106C/V233C was significantly differ-
ent from that of the untreated WT, while the oxidized
mutant was completely inactive.

S. Guo et al.

More specifically, three conclusions could be drawn
from these results. (a) Breaking the native disulfide
bond between C57 and C297 does not affect the
specific activity significantly, as seen from the data of
untreated and reduced WT. (b) The specific activity
of reduced L106C/V233C (no disulfide bond in
between) is almost equivalent to that of the WT, indi-
cating that the misfolded protein can recover to the
natural conformation, which lays the foundation for
protein refolding and disulfide bond rematching. This
also shows that mutagenesis of these two residues
into cysteine does not affect SMG1’s activity against
pNPC. (c) Full recovery of L106C/V233C to natural
conformation after reducing implies that further oxi-
dization treatment with GSSG would facilitate the
rightly matched disulfide bonds between 106 and 233.
This newly oxidized mutant is also inactive, like the
untreated/oxidized L106C/V233C with specific activity
two orders of magnitude below that of the wild-type,
concluding that when the rest of the lid domain is
anchored, the lipase becomes inactive.

We have shown that mutation of residues 106 and
233 into cysteine does not change the activity of
lipase SMGI1 per se, but cross-linking the cysteines

Table 2. Calculated mass values for tryptic digests of SMG1-L106C/V233C, reduced with DTT.

Peptide Mass value Sequence Start?® Stop?
P2 231.1 GR 26 27
P3 1634.8 GGSSTDQPVANPYNTK 28 43
P4 2396.2 EISLAAGLVQQTYCDSTENGLK 44 65
P5 1773.8 IGDSELLYTMGEGYAR 66 81
P6 302.2 OR 82 83
P7 3341.6 VNIYHSPSLGIAVAIEGTNLFSCNSDLHDAK 84 114
P8 1219.5 FWQEDPNER 115 123
P9 973.5 YIQYYPK 124 130
P10 304.2 GTK 131 133
P11 2456.2 LMHGFQQAYNDLMDDIFTAVK 134 154
P12 146.1 K 155 155
P13 309.2 YK 156 157
P14 146.1 K 158 158
P15 275.1 EK 159 160
P16 389.2 NEK 161 163
P17 1741 R 164 164
P18 2426.2 VIVIGHSLGAAMGLLCAMDIELR 165 187
P19 782.4 MDGGLYK 188 194
P20 965.5 TYLFGLPR 195 202
P21 1422.7 LGNPTFASFVDQK 203 215
P22 431.2 IGDK 216 219
P23 942.5 FHSIINGR 220 227
P24 1126.5 DWVPTCPPR 228 236
P25 2453.2 ALGYQHPSDYVWIYPGNSTSAK 237 258
P26 1765.9 LYPGQENVHGILTVAR 259 274
P27 3374.5 EFNFDDHQGIYFHTQIGAVMGECPAQVGAH 275 304

2Amino acid position of peptides.
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Fig. 3. MSMS spectra of the disulfide linked peptides P4-P7 (A),
P4-P24 (B), P7-P18 (C), P7-P24 (D), and P18-P24 (E),
corresponding to disulfide bonds between C57-C106, C57-C233,
C106-C180, C106-C233, and C180-C233, respectively. Disulfide
bonds linking Chain A and Chain B are indicated in red. The
sequence-specific ions are labeled as ynA, bnA for Chain A, and
ynB, bnB for Chain B on the spectrum. M indicates Chain A plus
Chain B.

together inactivates the lipase completely. That is,
when the lid fragment is anchored to the main scaf-
fold, the lipase in almost inactive; while when the
lid is freed, the lipase is active again, as with the
wild-type. This indicates that the mobility of the lid
domain is required for lipase SMGI to function,
and that in addition to the gating motion of residues
278 and 102, full activation of lipase SMGI1 also
requires the conformational change in the lid, which
is probably related to the adsorption of SMGI1 onto
the hydrophobic phase of substrates. It is also possi-
ble that lid movement is necessary for the correct
formation of oxyanion hole that is misformed in the
closed-lid crystal structures [16,17].

Lipase assay using DAG as substrate showed simi-
lar results (Fig. 5), specific activity of the oxidized
mutant was two orders of magnitude below that of
the WT (about 1% relative to WT, possibly from
none complete oxidation); however, activity of the
reduced mutant restored to only about 10% of the
WT activity. This is in contrast to the complete
recovery of pNPC activity. Clearly, mutations of 106
and 233 changed the specificity of SMG1. One possi-
ble explanation is that mutation into less lipophilic
residues is unfavorable for the binding onto the
DAG/water interface. Residue 103 and 104 on the lid
domain were demonstrated to help anchor the lid to
the lipophilic phase of DAG [13], thus it is reason-
able to suggest that mutation of 106 and 233 into less
lipophilic residues would also impair binding of the
lid region onto DAG phase. While this could affect
the DAG activity, it will not affect pNPC activity
because under the working concentration (0.1 mm)
pNPC is soluble in aqueous phase with no defined
interface.

These results reveal the pitfalls of investigating
enzyme activation through crystallization. As useful as
the active form crystal structure can be, it only pre-
sents static configuration and thus is unable to reveal
the possible conformational change leading to the crys-
talized form. This could be misleading especially when
the active form regains or recovers part of the initial
inactive conformation.

FEBS Open Bio 6 (2016) 477-483 © 2016 The Authors. Published by FEBS Press and John Wiley & Sons Ltd. 481
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Fig. 4. Relative activities of lipase SMG1 and mutant in oxidized
and reduced form, using pNPC as substrate. All lipases were
reduced with TCEP, oxidization of mutant L106C/V233C was done
through reduction with DTT first, followed by oxidation with GSSG.
Error bars stand for standard deviation. No significant differences
were found between reduced WT or reduced L106C/V233C and
untreated WT.
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Fig. 5. Relative activities of lipase SMG1 and mutant in oxidized
and reduced form, using DAG as substrate. Experiments were
performed in duplicate and deviation was within 5%.

Potential application of mutant L106C/V233

A disulfide bond has been engineered into green fluo-
rescent proteins (GFPs) or yellow fluorescent proteins
(YFPs) to develop redox potential probes, that, upon
equilibrium with the ambient thiol/disulfide com-
pounds, could be used to measure redox potentials in
cells in real time [18,19]. The L106C/V233 mutant
described here is responsive to ambient thiol/disulfide
redox potential change. Given the distinct activity dif-
ference between the reduced and oxidized form, the
mutant could serve as a thiol/disulfide redox potential

S. Guo et al.

probe when coupled with chromogenic substrates such
as pNPC, using initial velocity as signal output. Of
course probes derived from this mutant would have to
be used in vitro, but compared to the fluorescent signal
measurement, only basic instrumentation is required;
and unlike rxYFPs [18], the probe would be ratiomet-
ric in that the initial velocity signal reflects directly
[SMG]rea/[SMG1]ox.

Furthermore, the redox potential readout range of
the probe could be modified through tuning its ther-
modynamic mid-point potential, which can be
achieved through protein engineering, either by alter-
ing the pKa value of the disulfide bond in the probe
[20], or by modifying the internal strain on the bond
[21]. Computational calculation of electric potential
could also offer additional information to guide the
rational engineering process [22].

The mutant described here is a redox-switch lipase,
containing a specific kind of switch for its lipase activ-
ity that could be of potential use in cascade biocataly-
sis, where different lipase activities were expected in
multiple reaction steps involving different redox
potentials.

Conclusion

Through disulfide cross-linking of the lid, it was
proved that in addition to the gating motion of resi-
dues 278 and 102, full activation of lipase SMG1 also
requires the conformational change in the lid domain.
The newly introduced disulfide bond makes lipase
SMGH eligible as a ratiometric thiol/disulfide redox
potential probe when coupled with chromogenic
substrates, as well as to be of potential use in cascade
biocatalysis.

Acknowledgements

This work was supported by the National Science
Funds for Excellent Youth Scholars (No. 31222043),
the PhD Start-up Fund of Natural Science Foundation
of Guangdong Province, China (No. 2015A030310381)
and the Science and Technology Planning Project of
Guangdong Province (No. 2014B020204003).

Author contributions

SG designed and carried out the experiments, and wrote
the manuscript. GMP conceived the initial project
and revised the manuscript. DL performed the DAG
hydrolysis assay. DY revised the manuscript. YW super-
vised the project and approved this manuscript.

482 FEBS Open Bio 6 (2016) 477-483 © 2016 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.



S. Guo et al.

References

1

10

11

FEBS Open Bio 6 (2016) 477-483 © 2016 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

Busto E, Gotor-Fernandez V and Gotor V (2010)
Hydrolases: catalytically promiscuous enzymes for non-
conventional reactions in organic synthesis. Chem Soc
Rev 39, 4504-4523.

DeAngelis YM, Saunders CW, Johnstone KR, Reeder
NL, Coleman CG, Kaczvinsky JR, Gale C, Walter R,
Mekel M and Lacey MP (2007) Isolation and
expression of a Malassezia globosa lipase gene, LIP1. J
Invest Dermatol 127, 2138-2146.

Lan D, Popowicz GM, Pavlidis IV, Zhou P,
Bornscheuer UT and Wang Y (2015) Conversion of a
mono- and diacylglycerol lipase into a triacylglycerol
lipase by protein engineering. ChemBioChem 16, 1431—
1434.

Guo S, Huang W, Zhang J and Wang Y (2015) Novel
inhibitor against Malassezia globosa LIP1 (SMG1), a
potential anti-dandruff target. Bioorg Med Chem Lett
25, 3464-3467.

Wang W-F, Li T, Qin X-L, Ning Z-X, Yang B and
Wang Y-H (2012) Production of lipase SMG1 and its
application in synthesizing diacylglyecrol. J Mol Catal
B Enzym 77, 87-91.

Wang X, Xu H, Lan D, Yang B and Wang Y (2015)
Hydrolysis of lysophosphatidylcholines by a lipase from
Malassezia globosa. Eur J Lipid Sci Technol 117, 1655—
1658.

Wang X, Tang Q, Popowicz GM, Yang B and Wang Y
(2015) A mechanistic study into the epoxidation of
carboxylic acid and alkene in a mono, di-acylglycerol
lipase. Biochem Biophys Res Commun 460, 392-396.

Xu T, Liu L, Hou S, Xu J, Yang B, Wang Y and Liu J
(2012) Crystal structure of a mono- and diacylglycerol
lipase from Malassezia globosa reveals a novel lid
conformation and insights into the substrate specificity.
J Struct Biol 178, 363-369.

Guo S, Xu J, Pavlidis IV, Lan D, Bornscheuer UT, Liu
J and Wang Y (2015) Structure of product-bound
SMGT lipase: active site gating implications. FEBS J
282, 4538-4547.

Barbe S, Lafaquiere V, Guieysse D, Monsan P,
Remaud-Simeon M and Andre I (2009) Insights into lid
movements of Burkholderia cepacia lipase inferred from
molecular dynamics simulations. Proteins 77, 509-523.
Rahman MZA, Salleh AB, Rahman RNZRA, Rahman
MBA, Basri M and Leow TC (2012) Unlocking the
mystery behind the activation phenomenon of T1

18

20

21

22

Validation of lid mobility in lipase SMG1

lipase: a molecular dynamics simulations approach.
Protein Sci 21, 1210-1221.

Gao C, Lan D, Liu L, Zhang H, Yang B and Wang Y
(2014) Site-directed mutagenesis studies of the aromatic
residues at the active site of a lipase from Malassezia
globosa. Biochimie 102C, 29-36.

Lan D, Wang Q, Popowicz GM, Yang B, Tang Q and
Wang Y (2015) The role of residues 103, 104, and 278
in the activity of SMGI lipase from Malassezia globosa:
a site-directed mutagenesis study. J Microbiol
Biotechnol 25, 1827-1834.

Hansen RE and Winther JR (2009) An introduction to
methods for analyzing thiols and disulfides: reactions,
reagents, and practical considerations. Anal Biochem
394, 147-158.

Lee SH, Carpenter JF, Chang BS, Randolph TW and
Kim YS (2006) Effects of solutes on solubilization and
refolding of proteins from inclusion bodies with high
hydrostatic pressure. Protein Sci 15, 304-313.

van Tilbeurgh H, Egloff MP, Martinez C, Rugani N,
Verger R and Cambillau C (1993) Interfacial activation
of the lipase-procolipase complex by mixed micelles
revealed by X-ray crystallography. Nature 362, 814—
820.

Dodson GG, Lawson DM and Winkler FK (1992)
Structural and evolutionary relationships in lipase
mechanism and activation. Faraday Discuss 93, 95-105.
Hanson GT, Aggeler R, Oglesbee D, Cannon M,
Capaldi RA, Tsien RY and Remington SJ (2004)
Investigating mitochondrial redox potential with redox-
sensitive green fluorescent protein indicators. J Biol
Chem 279, 13044-13053.

Banach-Latapy A, He T, Dardalhon M, Vernis L,
Chanet R and Huang M-E (2013) Redox-sensitive YFP
sensors for monitoring dynamic compartment-specific
glutathione redox state. Free Radical Biol Med 65, 436—
445.

Cannon MB and Remington SJ (2006) Re-engineering
redox-sensitive green fluorescent protein for improved
response rate. Protein Sci 15, 45-57.

Lohman JR and Remington SJ (2008) Development of
a family of redox-sensitive green fluorescent protein
indicators for use in relatively oxidizing subcellular
environments. Biochemistry 47, 8678-8688.

Li W, Baldus IB and Graeter F (2015) Redox
potentials of protein disulfide bonds from free-energy
calculations. J Phys Chem 119, 5386-5391.

483



	Outline placeholder
	a1
	a2
	fig1
	fig2
	tbl1
	tbl2
	fig3
	fig4
	fig5
	bib1
	bib2
	bib3
	bib4
	bib5
	bib6
	bib7
	bib8
	bib9
	bib10
	bib11
	bib12
	bib13
	bib14
	bib15
	bib16
	bib17
	bib18
	bib19
	bib20
	bib21
	bib22


