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ABSTRACT

Bacillus circulans was isolated for xylanase protilore from paper effluent collected from paper niktracellular
Xylanase production was observed in the cultoeglium with pH 7 at 3TC. Culture medium amended with 1%
birch wood xylanwas found to be suitable sourcerntbance Xylanase yield in shaking condition at 7gbtoom
temperature in submerged fermentation. Partial ficakion of Xylanase was done from crude enzymeexby
three steps (ammonium sulphate precipitation, T€Aténe precipitation and lon exchange chromatogyafhe
molecular mass of Xylanase was ~ 20 KDa and wasrebd by SDS-PAGE Zymography technique. Optimum
Enzyme activity was recorded at 30°C in standandémons.
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INTRODUCTION

Xylanase [E.C.3.2.1.8] is the name given to a atdsnzymes which degrade the linear polysacchgritigxylan

to Xylose, thus breaking down hemicelluloses whigha major component of the cell wall of plants.The
substrate of Xylanase, xylan, is the second mositidént polysaccharide in nature, accounting for@apmately
one-third of the renewable organic carbon on Egfttand It constitutes the major component of herhitose, a
complex of polymeric carbohydrates, including xylatyloglucan (heteropolymer of D-xylose and D-glseh
glucomannan (heteropolymer of D-glucose afi¥mannose), galactoglucomannan (heteropolyrhéd-
Galactose, D-glucose and D-mannose) and arabirextgal (hetergolymer of D-Galactose and arabinose)[3].
Xylan is distributed in several types of tissued aells and is present in a variety of plant spsfdie being found in
large quantities in hardwoods from angiosperms 30%- of the cell wall content) and softwoods from
gymnosperms (7-10%), as well as in annual plan@®35]. Biodegradation of xylan requires actionsefveral
enzymes, among which xylanase play a key role lj6]1985 microbial Xylanase was isolated by Biely. [7
Xylanase is produced by many bacteria, actinomgcfkand fungi and some of the most important nglgtic
enzyme producers includeAspergillus, Trichoderma, Streptomyces, Phanerogse Chytridiomycetes,
Ruminococcus, Fibrobacteres, Clostridia and Basi[®,10,11]

Xylanase can be classified as endo- and exo-xysnH®]. Xylanase have been classified in at ldase ways:
based on the molecular weight and isoelectric p@bt[13], the crystal structure [14] and kinetimperties, or the
substrate specificity and product profile. As thistfclassification is not sufficient to describéxylanases, several
exceptions have been identified [15] because notyddnase have a high molecular mass (above 3Q kbd low
pl or a low molecular mass (less than 30kDa) amth [l [16] Therefore, a more complete system, basethe
primary structure and comparison of the catalytiomdins, was introduced analyzing both the struttaral
mechanistic features [17,18]. The majority of thedsed xylanases have been classified into the Gét1GH11
families, whereas studies of the xylanases in famib, 7, 8and 43 are still emerging[19]. The xglgttic enzyme
system that carries out the xylan hydrolysis isnmadly composed of a repertoire of hydrolytic enzgmacluding
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endoxylanase (endo-1pixylanase, E.C.3.2.1.8),B-xylosidase (xylan-1,4-xylosidase, E.C.3.2.1.37),a-
glucuronidase o-glucosiduronase, E.C.3.2.1.13%)arabinofuranosidasen+-arabinofuranosidase, E.C.3.2.1.55)
and acetylxylan esterase (E.C.3.1.1.72) [20]. Alltlteese enzymes act cooperatively to convert xyfdo its
constituent sugars [21]. Among all xylanases, egtimases are the most important due to their directivement

in cleaving the glycosidic bonds and in liberatisbort xylooligosaccharides [22Bacillus species secrete
appreciable levels of extracellular Xylamg®3]. Many of the xylanase producing microorgarsexpress
multiple iso-forms that have been ascribed to aetyaof reasons that is, heterogeneity and complecd xylan
structure [24]. Filamentous fungi are induslyialimportant producers of xylanase due to &ighyield
compared to yeast and bacteria [25]. Xylanas@m@uced by either solid state or submerged fetaien [26].

Column chromatographic techniques, mainly ion ergeaand size exclusion are the generally utilisdeses for
xylanase purification, but there are also repafsusification with hydrophobic interaction colunshromatography
[27]. There are several reports regarding therification of xylanase to electrophoreticnimgeneity,

however, the yield and purification fold variesdifferent cases. In all the cases the culture s\giants are initially
concentrated using precipitation or ultrafiltratimehniques. A moderately thermostable xylanasepuafied from

Bacillussp. Strain SPS-0 using ion exchange, gel anditgffthromatographies [28].

Xylanase are of industrial importance, which carubed in paper manufacturing to bleach paper pagpeasing
the brightness of pulp and improving the digestipibf animal feed and for clarification of fruiices. Applications
of xylanase avoid the use of chemicals that areemsipe and cause pollution [29]. In Food Indus¥ylanase
improves maceration and juice clarification, redugescosity and improves extraction yield and difion, process
performance and product quality. It improves etdtstiand strength of the dough, thereby allowingieahandling
in baking product. In Feed industry, it decreas®s dontent of non-starch polysaccharides, thereldyaing the
intestinal viscosity and improving the utilizatiof proteins and starch. It improves animal perfarotg increases
digestibility and nutritive value of poorly degrdude. A large quantity of raw materials is processegulp and
paper, textile, and in feed industries, and theswblume of effluents released is very high. Ineortb deal with
industrial waste and waste water, research anda®went departments have worked toward the estabést of
strategies that are totally free from the use dfahdous chemicals and provide the same resultseaachieved
through conventional methods. Treatment with xy$&naloes not pose any environmental threat andfdhnere
provides a glimmer of hope to environmentalists[30]

This study primarily aims at the isolatioof native xylanase producing bacterial  straBslection and
identification of those able to produce maximdevels of Xylanase, along with  the timjzation  of
the process parameters and partial purificaifah

MATERIALSAND METHODS

2.1 Collection of Sample:-
Paper effluent sample was collected from Dhanlakgbemper mill located in Bapunagar, Ahmedabad (Gat)ar
Sample was collected in sterile plastic bottle.

2.2Isolation of Organisms on Medium-I [31]: -

Isolation was carried out in Medium | (Birch woodglan, 0.5gm; Yeast extract, 0.2 gm; NaCl, 0.25grk2R04,
1.5 gm; NaH2PO4, 3.0 gm; NH4CI, 0.5 gm; MgS0O4.7HRM25gm; Distilled water, 100 ml and pH was adjdst
at 7.0). Xylanase producing bacteria were isol&tech paper effluent in the Medium | by using Biralood xylan
as the sole carbon source.

2.3 Identification of Microorganisms:-

(i) Microbial Identification by Gas Chromatograptiaalysis of Fatty Acid Methyl Ester (GC-FAME)

Selected isolates were identified on the basesadgbws biochemical tests and further identificativsas done by
GC-FAME analysis by the method described in MIDeBtck® Microbial Identification System catalogukhe
method consists of saponification in dilute Sodibyaroxide/Methanol solution followed by derivatimat with
dilute Hydrochloric acid/Methanol solution to gixespective Fatty Acid Methyl Esters (FAMES). TheNFAs were
then extracted from the aqueous phase by the ume afganic solvent and the resulting extract wedyaed by gas
chromatography.

2.4 Enzyme production from submerged fermentatd@j |

Selected bacterial strain was inoculated in cultaeglia and incubated in shaking condition at 150 for 24-48
hrs at ambient temperature. The cell free supemhatas recovered by centrifuging samples at 15p@@at 4 °C
for 10 min. Supernatant was filtered using whattrfitar no.1 and few drops of 0.1 % Formalin werded.
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Supernatant was used as a crude enzyme for megqishenotal soluble protein and reducing sugar. Esirmation
of Enzyme activity, 1.0 ml of extracellular crudezgme was taken and mixed with 0.5 ml substra@&40xylan in
50mM Phosphate buffer) along with 0.5 ml 50mM Pladp buffer. The residual enzyme activity was eariout
according to DNS method.

Estimation of total soluble protein, 0.5ml of crudezyme was taken and mixed with 0.5 ml substrabatien
(0.6% xylan in distilled water). The residual piateontent was estimated by using Lowry method (byoet al.
1951).

2.5 Optimization of Culture condition for Xylanaseduction [33]

2.5.1 Effect of pH on Xylanase production

Isolates were grown in 100 ml of liquid medium m BErlenmeyer flask (250 ml) in shaking conditiods@ rpm)
having various pH like 4.0, 6.0, 8.0, 10.0. Theyene assay was carried out after 48 hours of incotbat

2.5.2 Effect of temperature on xylanase production

Effect of temperature on enzyme production by biécteas analyzed by varying the incubation tempeeatat
30°C, 37°C, 60°C, 80°C. After incubation, absorlearweas measured at 600 nm. Enzyme was extracted and
estimated reducing sugar and total soluble prdigiDPNS method and Folin Lowry method respectively.

2.5.3 Effect of Incubation time on Xylanase produtt

Isolates were grown in 100 ml of liquid medium im Brlenmeyer flask (250 ml) in shaking conditios@1rpm).
Few ml of culture was removed from it at differentervals like 24, 48, 72 and 96 h and enzyme Hgtiwas
checked.

2.6 Effect of various parameters on enzyme act{@tyj

2.6.1 Effect of temperature & pH on enzyme activity

Effect of temperature on enzyme activity was measiny incubating the enzyme and substrate mixtudifarent
temperature (37°C, 60°C, 80°C). Effect of pH onyene activity was determined at different pH suci4as, 6, 7, 8
and 10 and enzyme activity was carried out by DNShiod.

2.7 PARTIAL PURIFICATION OF ENZYME:-
For the partial purification of enzyme was donetWwp methods 1.Fractional ammonium sulphate prestipit, 2.
TCA (Trichloroacetic acid): Acetone precipitation.

2.7.1 Fractional ammonium sulphate precipitatidsi [3

Maximum production of Xylanase was optimized andramium sulphate precipitation was carried out foil he
amount of ammonium sulphate was required calcuffategrecipitation. The precipitation was carriad at 4°C in
stirring condition by using various percentage afn@onium sulfate such as 45%, 70%, 75%, 80% and 85%
respectively. Precipitates were collected by cérgetion at 8000 rpm for 20 min at 4°C and dissdlire 4 ml of
sodium phosphate buffer pH 7. Total protein contheach fraction was carried out by Folin Lowry thuel.
Enzyme activity of each fraction was carried ouuising 1% xylan as a substrate.

2.7.2 TCA (Trichloroacetic acid): ACETONE PRECIPITION [35]

The 10.0 ml protein solution was taken in centrfugbe. 100 ml 10% TCA: Acetone solution was adidethe
beaker and mixed by vortex. The mixture was alloteedtand in cold at 4°C overnight. The pelletsavenllected
by centrifugation at 10,000 rpm for 10mins at 4T@e pellets were dissolved in 50 mM phosphate buEazyme
activity was checked by DNS method and total s@ydvbtein was analyzed by Lowry method.

2.7.3 lon Exchange Chromatography (GeNeiTM) [34]

The crude enzyme was loaded on to equilibrated @MHose column. The top and bottom caps of colunene
replaced and incubated for 1 hr at R.T. with iniélent mixing. After an hour, the column was allav® settle.
Then, slowly the supernatant was pipetted out @adewithout disturbing the column. The column wasshed
with approximately 30 to 40 ml of 1X Wash buffenZyme was eluted from the column using 15 ml ofelition
buffer. The elute was collected and enzyme actitotyl soluble protein was determined by DNS Falawry
method respectively.

2.8 SDS-PAGE and Zymography [34]

Protein sample and 2X Non reducing SDS-gel loadinffer was taken in the ratio 1:1 and mixed welhisT
mixture was heated at 100°C for 10 min and cergeitlat 1000 rpm for 10 min at 4°C. p0samples were loaded
with the help of micro pipette and allowed for ¢tephoresis at 50V. The gel washed with distilledtev and
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placed in petriplate containing silver nitrate stand allowed to stand for 1 hr. The gel was agtaglowly on

shaker. The staining solution was decanted and eudbsiith distilled water. The gel was kept in destay solution

for 2 to 3 hr. The molecular weight of visualizeigin bands was compared with molecular weightkerar Gel

from cassette was removed and placed in plastycdpataining 250 ml of renaturing solution (TritdR100).The

gel was incubated for 30 min at 4°C and gentleatigit was given. After washing the gel, the gel wasibated in

activation buffer at 4°C for overnight. The actieat buffer was decanted and gel was stained inisgisolution for

at least 2 hr. Decanted the staining solution @t khe gel in destaining solution for 1 hr. Aftee destaining, the
Xylanase activity was detected as unstained whatedb on a blue stained background of the gel, atidig the

proteolysis of the xylan substrate. These zymogramse quantitated using Bio-Rad gel documentatigsiesn

(Bio-Rad G-800). The relative proteinase activitgsadetermined for each proteinase by multiplying élhea of
each lysed band by its optical density (O.D.*fim

RESULTS

3.1 Isolation of Microorganism:

For the preliminary experiment of this study, Thiftve xylanase producing bacteria were isolatezhfrpaper
effluent in the Medium | by using Birch wood xylas the sole carbon source. The plates were inaiffat@4 hrs
at 37°C, Clear zone was observed around the crewfidie colonies (Figure 1). One isolate was setécte the
bases of the zone size of xylan degradation andfwé#ser identified aBacillus spp. from various biochemical
analyses by the method of Bergay’s Manual of syatenacteriology.

-

Clear Zone
around
colonies was
observed.

Figure 1. The plates showing colonies of Xylanase producing bacteriaisolated from paper effluent

3.2 FAME analysis by Gas chromatography:-

For further identification up to species level FAMRBalysis was done and two isolates were identdieBacillus
ciruculans GC subgroup B andMarinibacillus marinus Out of the two,Bacillus circulans showed higher
resemblance with the isolated organism. The isolate identified a8acillus ciruculans.

Matches:
Library Sim Index Entry Name
RTSBAG6 6.00 0.262 Bacillus-circulans-GC subgroup B

0.179 Marinibacillus-marinus (Bacillus)

Scholars Research Library



Dhruti Pithadiyaet al Arch. Appl. Sci. Res., 2016, 8 (2):1-10

TIOT A, (ET222 1806 A0062565.D)
PA J g §
i 44 q
70 \
] | g
- | : v
4 | o
ﬂ
50 [ 5
i | g
] g
40 |‘ o
] I.
|
] 1 ! BA :
304 '\n - g g ﬂ g 5 g“ja,"\rﬂ’
- 3ol I et BE B gar
] \ % § 8§ 88 B8, |‘ & ,‘ 8 At
20 S L L —l1_|.,_mru'-‘ " \J‘v— B
o5 1 T 25 C 3 as 4 ‘min

Figure 2. Chromatograph showing the Fatty Acid Methyl Ester profile on Gas Chromatography

3.3 Crude Enzyme Prepar ation:
Extracellular xylanase was produced frdacillus circulansin submerged fermentation. Crude enzyme was

prepared from the submerged fermentation broth dntrifuged it and filtered it through Whattman diltpaper
no.1l.The enzyme activity of Xylanase was done bysrethod.

3.4 Optimization of Culture condition for xylanase production:-

Isolate was grown in 100 ml of liquid medium in Brienmeyer flask (250 ml) in shaking condition (150n).
Enzyme activity was checked at different interdids 24, 48, 72 and 96 h. Highest amount of xyl@nasoduction
was found after 48 hours of incubation. Isolates g@wn in 100 ml of liquid medium in an Erlenmeflask (250
ml) shaking conditions (250 rpm) having variouslj{e¢ 5.5, 7.0 and 8.5. The enzyme assay was caoriedfter 48
hours of incubation. The isolate give higher enzyawtivity at pH 8which is shown in Figure 4.Effect
temperature was checked on xylanase productionviBravas carried out in 200ml of medium incubatedhaking
condition. Highest amount of enzyme was produce&DaE and at pH 6.0 (Figure 3& Figure 5).

Effect of pH on xylanase production
1.4

1.2

4 \
4 N\

——f—=Seriesl

Absorbance at 600 nm

0.4 \
0.2
5 N
4 6 7 8 10
pH

Figure 3. Influence of culture pH on Xylanase production by Bacillus circulans under SmF

Effect of culture pH on total protein & Enzyme
activity

0.3

0.25

0.2

80
70
60

xylanase
activity (IU/ml)

50
[Total pl‘OtCilé
LS 40 i
(mg/ml) -\/ / \ == Series2
0.1 30 ——==Seriesl
\ - 20
0.05 / x
e - 10
0 o
4 6 d 8 10
pH

Figure 4. Influence of culture pH on total protein and Enzyme activity
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Absorbance at 600nm

Effect of Temperature on xylanase production
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Figure5. Influence of temperature on Xylanase production by Bacillus circulans under SmF

3.5Effect of various Parameters on Enzyme activity:-
Enzymes are sensitive to changes in the environmemhich they work and temperature can profouraffect the
activity of enzyme. Optimum enzyme activity wasaeted at 30°C (Figure 6) and enzyme activity wakiced in
the same way as the temperature was increased:hbinges in the hydrogen ion concentration (pH)prafoundly
affect the enzyme activity. At pH 8.0, Maximum Enay activity was obtained (Figure 7).

Effect of Temperature on enzyme activity
60
E 50 \
= 10
:: 30 \\_/-\
2
2 20 \ &—Series1
£ 10
s
= 0
= R.T. 37 60 80
Temperature (°C)
Figure 6. Influence of temper ature on Enzyme activity
Effect of pH on enzyme activity
100
= 90 ’_
E 80
= /
= 70
£ 60 N/
V.l
= 50
4
® 4 s===Series1
£ 30
<20
=
= 10
0
4 5 6 7 8 10
pH

Figure 7. Influence of pH on Enzyme activity
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3.6 Partial Purification of Enzyme:-
After Ammonium sulphate precipitation, Xylanaseidtt in fraction sample (10 ml) was 204 1U with 3%
recovery and 5.42 fold purification with specifictiaity of Xylanase was 127.51U/mg protein.

TCA: Acetone precipitation test was also used tohfer partial purification of enzyme. The Xylanasgivity in
fraction sample (12 ml) was 288.0 IU/ml with 45.3réeovery and 5.10 fold purification with specifictivity of
xylanase was 120 IU/mg protein. Higher enzyme dagtiwas observed from TCA: acetone precipitatioanth
ammonium sulphate precipitation Table I.

After the ion exchange chromatography step, theaXgde activity in the elution buffer (6.0 ml) wa363U with
1.5 % recovery and had 7.48 fold purification apddfic activity of Xylanase was 175.8 1U/mg protei

Table 1. Data analysis of Purification of Xylanase from Bacillus circulans produced by SmF

No | Sample Protein Total Total | Enzyme Total Specific | Fold Yield
content | volume | protein | activity | Enzyme | enzyme | purifi or
(mg/ml) (ml) (mg) (IU/ml) | activity | activity c- recovery
(110)] (IU/mg ation (%)
protein)
P) V) (TP) (A) (TA=A (YorR=
< V) (SA= | (FP= | TAstep
TA step | SAste | TA crude
TP step) P x100
SA
crude)
1. | Crude 0.18 150 27.0 4.23 634.5 23.5 1.0 100
Filterate
2. | Precipitation
Test of crude
enzyme
(a) | Ammoniu 0.16 10.0 1.6 20.40 204.0 127.5 542 32.1
m sulphate
precipitati
on
(b) | TCA:Acet 0.20 12.0 24 24.0 288.0 120.0 5.10 453
one
precipitati
on
3. | Ion exchange 0.29 6.0 1.74 51.0 306.0 175.8 7.48 1.5
chromatography
(CM-cellulose)

3.7SDS PAGE and Zymogr aphy:-

Nature of enzyme was studied after partial puriftca by SDS-PAGE. The band appearing in the cruatapde
(lane 5) was not clear and also single band wasoheérved, where as single band was obtained franifigul
fraction after ion exchange chromatography (land)and was compared with protein marker (Bangateedlei).
The SDS-PAGE study showed the presence of xylgoagein ~ 20 kDa in both samples (Figure 8).

Zymography helped for detection of enzyme actidty SDS PAGE incorporated with 1% xylan solutionrtiah

purified enzyme obtained from ion exchange chrograiphy was loaded on SDS-PAGE incorporated wittaxyl
solution (lane 1 and 2) (Figure 9).
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Figure 8. SDS-PAGE
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Figure9. Zymogram

DISCUSSION

The Characteristics of Microorganisms are simitathiose described fdBacillus sp in the Bergey's Manual of
Systematic Bacteriology. Rajashri Kamble and Anandiadhav (2011) found 25 bacterial strains forntlegr
halos around their colonies on xylan agar plaBesillus Circulanswas used for extracellular enzyme production.
Crude Enzyme preparation was done by using Submdtgamentation. Enzyme activity by DNS method waised
and 51 IU/ml required releasing 1 micromoles ofosg in 1 min. Total soluble protein was 2945nl in a 1ml
crude extract.51 IU/ml of enzyme activity was olvser by Arunachalam et al. (2001) isolated frém flavus
isolates, while Bailey & Viikari (1993) isolatemtllulase-free xylanase from fumigatusMost researchers have
used submerged cultures for xylanase productiorichwhllows control over the degree of aeration, ghtl
temperature of the medium as well as control owbBerenvironmental factors required for optimum vgito of
organisms. Haltrich et al. (1996) reported thatifipet xylans can be excellent substrates for xy$&nproduction
and are frequently used for small-scale experimdnt@ number of organisms, this pure and defingasisate
increased the yield of xylanase, caused a seleitttigction of xylanase, either with complete abseoc with low
cellulase activities (Biswas et al. 1990; Gilbettat 1992)Bacillus circulanswas given maximum xylanase
production at 30°C and at pH 6.0. Similar findivgsre also reported by Sepahy et al. (2011) shoapignum pH
of 8.0 for Xylanase production . mojavensi®AG137 in submerge fermentation. Simphiwe et al1@0eported
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that eight different strains &acillus sp. showed maximum xylanase production at pHBa@illus pumilusshowed
maximum xylanase production at pH 7.0 (Monishal.e2@09). Sepahy et al. (2011) reported optimumpiemrature
of 37 °C for xylanase production B8/ mojavensifAG137 in submerged fermentation. Different strash8acillus
sp. gave maximum yield of xylanase production aulration temperature of 45 °C and 55 °C (Simphitvale
2011). Monisha et al. (2009) reported that maximuyfanase production bg. pumilusat 37 °C. Maximum enzyme
activity from Bacillus circulanswas found at 30°C temp and 8.0pH. The optimum phktyidnase enzyme from
different Bacillus sp. was reported at pH 5 (Praaep et al. 2010) pH 7 (Sanghi et al. 2010), pH 8
(Kamble&Jadhav2012) and pH 9 (Annamalai et al. 2009/lanase enzyme from variowacillus species has
optimum temperature of 40-60 °C (Khandeparker eP@11; Kumar et al. 2011; Pratumteep et al. 2(Rdy &
Rowshanul 2009; Sanghi et al. 2010; Sa'-Pereiral.€2002). Xylanase frorBacillus sp precipitated with 90%
ammonium sulphate, showed 1.25Umg-1specific agtiwith 2.01 fold purification and 80.0% yield (B@a et al.
1997). Recently, iBacillus pumilussp. where 21-fold purity was observed with 2% ¢/ibyy using TCA:Acetone
precipitation method. The specific activity of xgtse produced bBacillus pumiluswas previously reported as
298U/mg by Panbangred et al. (2010). Sanghi et all@R@eported one step purification and charactéomaf an
extracellular cellulase free xylanase from a nelatyated alkalophili®acillus subtilisASH. Xylanase was purified
to homogeneity by 10.5-fold with ~43% recovery gsion-exchange chromatography through CM-SephadB®.C
The Molecular weight fronBacillus Circulanswas ~ 20KDa. Xylanase obtained frddacillus sp strain K-1 also
has a molecular weight of 23 kDa. (Ratanakhanokehai. 1999). The molecular weight of the purifiegdanase
was found to be 20 kDa by SDS-PAGE and ZymogranysisaShrinivaset al, 2010).

CONCLUSION

This study proved that the paper effluent is a solarce of Xylanase producing bacteria. Mediumavpd to be
optimum media for growing xylanase producing baateXylanase production under culture condition was
optimized by studying effect of various parametis pH and Temperature. Xylanse production wasimear at

pH 8.0 at 30°C.Maximum xylanase activity was okedimfter lon Exchange chromatography was 306 |4 Wi

% recovery and had 7.48 fold purification havingdafic activity of 175.8 1U/mg protein which wasghier than
crude enzyme. Specific activity of Crude Enzyme #851U/mg and total Enzyme activity was 634.5 he
molecular weight of Xylanase was found to be 20 kBag SDS-PAGE. Low molecular weight is the impatt
property of industrial Xylanase. Enzyme activitytiwimolecular weight was obtained on the single tgedugh
Zymography.
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