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Abstract
Objective

Today, global increasing in corn prices has led to the replacement of wheat instead of corn in
poultry diets. The NSPs in the cell wall prevents the uptake of wheat nutrients by poultry. Using

xylanase is one of the methods to remove NSPs. Xylanases can digest xylan. The aim of current

investigation was to produce xylanase (xynA) gene as a supplement of poultry diets in E. coli.
Materials and methods

In present study, the thermostable xylanase (xynA) gene in a bacterial secretory expression
system along with: Shine-Dalgarno sequence, Usp45 signal peptide and T7 promoter was cloned
in plasmid pET-22b (+) from E. coli strain BL21 (DE3) using The heat shock method. IPTG
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were used at different times to induce the expression of recombinant xylanase gene. In addition,

catalytic indicators were done according to the DNS method.

Results

PCR colony confirmed the presence of 743 bp recombinant xylanase gene sequence on 1%
agarose gel. SDS-PAGE showed protein with 27 kDa molecular weight. Also, the activity of
recombinant protein was 189.47 (unit/ml) using DNS method at optimum temperature of 65 °C
and pH=6. As well as, michaelis-menten curve determined Km and Vmax 4.1 (mg/ml) and 87

(unit/ml), respectively.

Conclusions
Xylanase are the most important complementary enzymes in poultry diets that are added to

wheat-based diets. Results showed that produced recombinant xylanase is thermostable enzyme

with acceptable activity and concentration. Furthermore, because of the secretory expression
system, it is produced at a lower cost.
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Figure 1. Construction of recombinant xylanase gene containing: Ncol and Sacl
restriction enzymes sequences, Shine-Dalgarno (S-D) sequence, Usp45 secretory signal

peptide and xylanase gene (xynA)
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Table 1. Primer sequences used to amplify the recombinant xylanase gene

O Sl Iy
Primers Primer sequence
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CuiS p TAACGTAACAGTGTGGTAAGAGCT
Reverse (5" 23) ¢

IPTG SWall 5l BL21 a5 E. COlI (5 38L 555U oS 595 9 ol il caa i0miig ol W
;Lu}uu.u] dﬁl—" e\_n LB Ja.._xn )...JL;L.A Yo 29 oG ul?w‘ U9JS L_gq ),‘.L.w " u.mi 6‘”9*-’6”1 dﬁl:’ LB cuis Ja.om
@ dwwy om0l 1B YYOC (lod ;3 VA TPM sy b o S 5g5bgSSl 19,0 (sl V8) il oS sl sl

A

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

AR (o, Kan g aYSule sl

wamsml,

B 09y 1y e b (SUN g acslyyy (ST yg) als e 4]y S baoea 1 i o 8 jlade vty clale ke
& loy slaojl p Y°C glos b s, j5bsSSl s L ysSIB oled unw -5 8Ll IPTG S Joloo syl 155018
585 (6138 )L SDS-PAGE ;485 Sl 5 (59, 2 diges (JS gy glyseiol 5l o 033,85 Jiie el Vo g A &
(Laemmli 1970)

B 9ol 5l U (i Glive s Seilul sl 1305 cuS T8 o P (Cadgn) Callad (liae (oo
03,5 by Jgil 1l e 5 U 1y psiS 51 4,8 (s con il cudleb Lyt yglaie 4 (Miller 1959) 15,8 oslizal oS!
Sl e &S ol b odel vt Juols (gl g s 8Lsl 4l 4 (PH=Y/S) Slawd modw Slyiw 3Lyl Lo Ve pusas
2488 Ve Ol 43S Blo ds Voo U slod odgizme 40 U5 g g 3l yids Ko Voo jlde g Al 03l <l >
g, ¥ g alsl L aaldl > (Afzal et al. 2010) w5uy5,5 a8lo! | usgw yd Juo V s g 40555l (g)logyp plos
ST (35315) 45 L DNS Cijme 13,5 (s e 53 03251 555 ol (sl Sl 323,55 0,7) DNS G
b Loled S o i 308 L (25,0 & 355 51 Bpme S5 5 39800 o sl Sl ling B g2esY 40 5 md o 25T
OVO oo Job 53 ladiges g osd yalls S5y clyuss aids Ve o a3 Vo +°C glod b (slocy plon 9,0 adiges (0> 1,8
2551 (Eige) Sy lime el Stz Ad e 9IS 3kl 05 ) L oatiS ol 45 (300 5005 2515 209l
53,5 odlizel (McCleary 2001) v ol 5l osis 3Jgs jUM)5 oS 59

-J a oa Jasa . e ARt e
gk 8 ._,.";“"_;_.‘i’."""—."_" prod syl Bald (lhca

el 255 o= — () ala,
(;5.,3.})‘_':&_‘.

= oo Jelge 5 GESTy e s gy 0 41 o] S 13UM15 S 55 o 35T Cadlad i (Slod (oS

spbate a3l (St |yige e 5 PH (50 dod 2 Jed 5l Jlelse 40 (V) a3l (28Ty o puo 23,5 0 3D
plosl oS il o Ver LFe glod dgaome 5 osiiSlsl (slasid (g3 5UML]5 S 595 w3l cullad sy (slod s
3 g Sn Ve e e PH (lise 0] oty e 13015 o 31 Calad i PH (300 (o

o B =5 PH sl sl (0-MM) s s 3L 55 a5 oaiiSlal slosid (ygeil 3o U5 (g2
% i olpe Loleg a3 biglss 1) PH sbl (sl (0°MM) aslizlin S 3L 5 4= Y/ PH sl gl (6-mM)
1,5 eoslys (Germany eppendorf BioPhotometer) ¢ yrogidg xSl ol 1 odlitul b yiogil 0¥+ zg0 Jgbo y

(Dhiman et al. 2008)

ﬁ

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

s,

(Yyvaa Obumo; € o lows VY 5)9.)) C319WS (659950 gur Ao

e il bl olgie 4 (KM) Guaddlen el  SablS jaslis 136015 o2 351 VMax ¢ KM ylime cpmni

d9p wmlss ity |ygge 4 Jlail (el mpl o bl 1S o8 KM lje iz ym 5 55000 (Byme 395l ptamges 0 JLuai]
g bog o3l Jlb sloolSyle 4845 amd 0 ) Sloj 368 (VMAX) STy Cos o Sl (adld (rizmon (¥ o)
o dloldly it 51 (6)%00 Js0g0 b 39 0 ST w3l 5 008 o5 03518 & Ttungus (sl J3SUgo 9 231 0l Ja|
PH 5 Los LM oS g il cdleb (Sly e pos Sl g ualilin ol yollio oyl (gl 298 Juaio
hrl Co 3V JSB) 43S (o (pS 5 Jole) g i slacdals (il atg
IV Sli o slty 3l 5 S 23] g Jolome 1 2y S Voo o Ve Jgilie y g Sia Ve Jade
Iymgw clale KM o w o o 8055,8 ba o g 4 ol J1,SOY 5, 2 - Lo VD o a s Yo o
Ts— Js—b > 55 win Sy DNS G pae (13505 adlol b g s 8,5, 13 53 il o o p) Sk #06+)

(Glickman & Schmid 2007) 1,55 ¢ 3 yxagl ¥V+

1
Em=-Vmax
2 (¥ e

(unit/ml) 039 cJles

(mg/ml) | jugew
Gt g 510 g (KM) Gudilso Sl s g (i ualei o oo 31 Soilowd slos ¥ JSWS
(Vmax) _yusTy

Figure 2. Schematic view of the michaelis-menten curve to determine the enzymatic

constant coefficient (Km) and maximum reaction rate (Vmax)
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Figure 3. Clone of transformed E. coli strain BL21 on selective culture medium (right
image) - Linear culture of recombinant bacterial clones on selective culture medium

containing ampicillin (left image)
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Figure 4. Electrophoresis of 1% PCR colony product to confirm the presence of
recombinant xylanase gene. Thermo fisher (M) plus 100 bp marker _ Negative control (1) _
Xylanase recombinant gene band (2 and 3)
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Figure 5. Dual digestion of recombinant plasmid pET-22b (+) to confirm recombination of
recombinant xylanase gene. Thermo fisher (M) plus 100 bp marker _ negative control (1) _

recombinant plasmid pET-22b (+) (2 and 3) _ recombinant xylanase gene band (4)

(5 JSi) i eanlize (Chromas V2.6.6) (ules,S 3ol 5l esliwl b Jlg5 e gl 2anlad (Jlgd comans
ol (BLAST) (cassilSs (abindyon oizon 05 5100 0)lods 155lS'ss 51 gy Sl dlas f5ee 0l Cgz

sy oLas Bacillus subtilis strain 168 ¢ :SL ,3 39390 (ID: 1150916273) ;605 o5 Jg b1y o> A 51 i

Ve g A S XY Gl slagle; 0 3SL il oS 5 i gl sl B cOlT (6581 50 o§ ol W

Ly opimad 3505 (oS5 SDS-PAGE s, 5l odlitol b baises .45 plos! IPTG bawss ,Slall Lausss Wl 51 ey ceslis

ol @S 35 e (e JBs i IMAGE T 158l 5 (19,0 SDS-PAGE 5,585 2501 jl Jols J5 e )35k

Ol Ol (i e (A JS8) 905 i 1, YV KD (JgSUge )i b cnBgp 2929 5 A5 oaalite SLCSS &9

ol asds Gldllas (A JS5) B asuie Juoyd YOIVY s J&s lise L IPTG dlasgs W5l o cels & 0pSg

.(Bhardwaj et al. 2019) 5,5 lay jials LMl cuS 59 ouign ylbe IPTG aluwgy Wl loj olime (iol381 b aidl
'Y

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(Yyvaa Obumo; € o lows VY o”a) G599US (5590955 gm oo

s,

IPTG (sLall g loj oo ol 00b plosl PET-32C(+) soousdly 13 S0 (5 Shigls’ 59y 2 45 (odidgly (yriczeon
b LIy XYN2A 45 s wslys slaadllas 5 (2009) Akyol et al .(Bilgin et al. 2018) 1isges s el £ 1,
098 BL2L w4 (¢¥e0/ (681 33 PCTXZA sueudly 1> g 03405 zl5eiwl Neocallimastix g, 5 olass! poly
b 3905 oy Iy sl 7,5 3l onis gl sel (AUXYNL0A) 5L o5 Kol 55 (2011) Wang et al .ol
kDa gy 1L 3959 SDS-PAGE | Jobs ol .0i ol (¢ ¥a0/ (6 58L PET22 spewdly 3 Gan 5 adlllas o]

RUYWRWITRP 0%

GGGGGTTGATGGGCGGGTACATTCCCCTCTAGAATAATTTTGTTTAACTTTAAGAAGGAG
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AGCCGGCGATGGCCATGGIAGERGEIATGAAAAAAAAGATTATCTCAGCTATTTTAATGT
Neol S-D Usp45
CTACAGTGATACTTTCTGCTGCAGCCCCGTTGTCAGGTGTTTACGCTATGTTTAAGTTTA
—
AAAAGAATTTCTTAGTTGGATTATCGGCAGCTTTAATGAGTATTAGCTTGTTTTCGGCAA
CCGCCTCTGCAGCTAGCACAGACTACTGGCAAAATTGGACTGATGGGGGCGGTATAGTAA
ACGCTGTCAATGGGTCTGGCGGGAATTACAGTGTTAATTGGTCTAATACCGGAAATTTTG
TTGTTGGTAAAGGTTGGACTACAGGTTCGCCATTTAGGACGATAAACTATAATGCCGGAG
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TAGAATATTATGTAGTGGATTCATGGGGTACTTATAGACCTACTGGAACGTATAAAGGTA
CTGTAAAAAGTGATGGGGGTACATATGACATATATACAACTACACGTTATAACGCACCTT
CCATTGATGGCGATCGCACTACTTTTACGCAGTACTGGAGTGTTCGCCAGTCGAAGAGAC
CAACCGGAAGCAACGCTACAATCACTTTCAGCAATCATGTGAACGCATGGAAGAGCCATG
GAATGAATCTGGGCAGTAATTGGGCTTACCAAGTCATGGCGACAGAAAGGATATCAAAGT
<4—— Sacl
AGTGGAAGTTCTAACGTAACAGTGTGGTAAGAGEIECGTCGACAAGCTTGCGGCCGCACT
CGAGCACCACCACCACCACCACTGAGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGA
GTTGGCTGCTGCCACCGCTGAGCATAACTAGCATACCCCTTGGGGCTCTAAACGGGTCTT
GAGGGGTTTTTTGCTGAAAGGAGAACTATATCCGGGATTGGCGAAT
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Figure 6. Results of sequencing by Sanger method in a sample of E. coli strain BL21.

xylanase gene (red), Usp45 signal peptide (gray), Shine-Dalgarno (purple) and restriction
enzymes (green)
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Figure 7. Result of nucleotide alignment (BLAST) of Sanger sequencing
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Figure 8. Results of recombinant protein extraction from E. coli on SDS-PAGE. Pishgam
245 kDa protein marker (PM2700) (M) _ control sample without inducer (1) _ wells 2, 4, 6,
8 and 10 hours after IPTG induction respectively (2, 3, 4, 5 and 6)
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Figure 9. Diagram of the relative density of recombinant xylanase protein at different

times after IPTG induction
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Table 2. Analysis of variance (ANOVA) of xylanase activity under the influence of

Pr>F  FValue Olryo (e Olmpe gomoime (@35l ayd il
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Figure 10. Diagram of optimal temperature of recombinant xylanase enzyme in E. coli
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Figure 11. Diagram of optimal pH Determination of xylanase activity on E. coli

dyme 395 (slyiangw sy w3l bl olgie 4 KM Salbls jasls 30M15 o 351 VMax ¢ Km o150

&) Glo; VMAX (23 o ioran 29 dblss iy itunges (sl w3l hlod bl 1S58 KM (50 a2 p g 355 00
.)‘j p.:)j 9 1AW J),\» 03)91)5 4 ‘).uw\)y» dlfb‘_bs\l}" 9 ..\wl; 04U Jl:u»‘ ‘)M.uy.o Jc.wy p))j JL«.‘) dl.fbbli;b 4;.15 P And e
VMax s KM (5o stiom guoldlSn loges 51 ol gl 393 et o a0 dlolidly g 1 5,505 S50 b 3900
&58L 5 5 5 (il luer g9y oS gladllas b (2020) Ma et al (Y JS5) 2903 s AY o ¥/Y Ci sy
el clas ol Jlg5 5959 153505 pMel (2012) Laura et al piomen 055905 olo VY |, KM 150 aizsls E. coli
s 0929 305 (Lt 53] iy 33,5 (e 5 g & a3l Jlail line GRIBI s 03855 5 o2 (SWRIUE

YA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

A o ad 5 WSl Bslo

wamsml,

] Jlasl e Gial38l a3 9 KM line (0l oo 5015 oS 595 3l aleil (2195 53 (SedblS” atsol slmsis]

Cw) 045 ‘)"“”"9“"’ 9

(unit/ml) o4, 5

&

(mg/ml) | msn

E. coli (g558L ;3 3990 3UM1; au 357 oyiho— i 5a0 10905 VY JSUS
Figure 12. Mikaelis-menten diagram of xylanase enzyme in E. coli
S 5 o
TWRRIE SUNS T PRSI gy NCESUNIN g § PO PY NP OSSR N }C P
cge LayKal, 5l S (Hristov et al. 2013) cul oud 3 9l o130 ps ;5 ol odd plod Cunsd Jiul38l g (5 puao
Sz Al oo peo 0y )3 )3 (Sl pAS (355 (Rl (o> )3 Shjly SERS g gyl pe p3 g e ialS
629 Azelglodl (sl g yip oy ChS VL pB (g e 1 Jed 5l gaste sblie Gyl )3 & s pS
pS (Jgls 0025 55 (NSPS) (claolisi o (50 Sy 299 S 42 bl adlgo 5V (losin 5 9 gt )] 00234
33y S o s bawngs i JB (5551 2015 g 039) Slgime 42 jsSmy il s diibioe b Mligilyl Lgas oS
Doy A 45 oS g5 slapy T 03,5 o ool JUM} waso 5 Lo Mylseil,] is g (Osek et al. 2010)
g o 03l Hobo 0> JaSe udgi g (gilung )b (2l glio naiile i mlio )d Bgd oo Mg B pwine

Ndazigaruye et al. ) 545 o0 4Ll paS b p (clroys ;5 45 asb o joub 0> JoSo slags 51 o yioge a3UM];

oo 0y JoSio 35 13 o & Sl 4 polie JOI} ] g 1 Jitio BL2L aygm E. COl ite pyS (s ,SL
Y4

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(Yyvaa Obumo; € o lows VY 5)9.5) C319WS (659950 gur Ao

s,

395 o0 )l polie UM} ges 3Ll Houo (SHE 0 pn A aias Sygar g o 1) UM oS g ol AL o
3929 coplyogde 33,8 |y ol a5 dal JSSg 0 @l jie Slalill g by oy SIE. CONE a5 (6 8k wl > WITL G
G925 eored (Cawl 003)5 35 S S5 iBan le Ol Rl G Baa I sVl o 55—l g
35 (golaiil o g oals S |y g (silopalls 4 S UML) oS g myl g5 > USPAS (e aty U

sy o dge |y sl )b

oSl (s 5 ud) S pe spine 5 oole slaculen 1Al 00 p3Y 355 2 SIS Abwsginss 15y Fwwlow
L9l b 1y ;S5 JWoS (INSF) 508" o9l 5 o) SKitimgy 5l coles Ggdio 938 0
&
5 sioid s iyl p YTGFB o5 58l (WAY) deseo (o Maw (L) sommo (o0blsomo ¢ e dpwr Slou] i el 13 goxo

AVONYE (F)O (659l (65909STgm dloma . yoy8 (bl (cagr 30 3 (1 0j9 Slao (5]

References

Afzal S, Saleem M, Yasmin R et al. (2010) Pre and post cloning characterization of a beta-1, 4-
endoglucanase from Bacillus sp. Mol Bio Res 37, 23-1717.

Akyol I, Comlekcioglu U, Kar B et al. (2009) Cloning of a xylanase gene xyn2A from rumen
fungus Neocallimastix sp. GMLF2 in Escherichia coli and its partial characterization.
Biologia 64, 664-670.

Bhardwaj N, Kumar B, Verma P (2019) A detailed overview of xylanases: an emerging
biomolecule for current and future prospective. Bioresour Bioprocess 6, 40.

Bilgin S, Ulusu Y, Kudug H, Gokce | (2018) Cloning, Expression and Characterization of
Xylanase (xyn-akkyl) from Bacillus subtilis in Escherichia coli. Sakarya Uni J Sci 22,
1508-1517.

Dhiman SS, Sharma J, Battan B (2008) Industrial applications and future prospects of microbial
xylanases. Bio Resource 3, 1377-1402.

Engberg M, Hedemann S, Steenfeldt S, Jensen B (2004) Influence of whole wheat and xylanase
on broiler performance and microbial composition and activity in the digestive tract.
Poult Sci 83, 925-938.

Fajardo P, Pastrana L, Endez J et al. (2012) Effects of Feeding of Two Potentially Probiotic
Preparations from Lactic Acid Bacteria on the Performance and Faecal Microflora of
Broiler Chickens. The Sci World J 23, 1-9.

A

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

AR (o, Kan g aYSule sl

wamsml,

Glickman JF, Schmid A (2007) Farnesyl pyrophosphate synthase: real-time kinetics and
inhibition by nitrogen-containing bisphosphonates in a scintillation assay. Assay Drug
Dev Technol 5, 205-214.

Hristov AN, Oh J, Lee C et al. (2013) Mitigation of greenhouse gas emissions. In Gerber, PJ,
Henderson, B and Makkar, HPS. Eds. Livestock production—a review of technical options
for non-CO2 emissions. FAO Anim Prod Health Paper 177.

Jie H, Li Z, Wang P et al. (2017) A simple method based on Sanger sequencing and MS Word
wildcard searching to identify Cas9-induced frameshift mutations. Lab Invest 97, 1500—
1507.

Laemmli UK (1970) Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature 227, 680-685.

Laura R, Jarboe AB, Ping LB et al. (2012) Optimization of enzyme parameters for fermentative
production of biorenewable fuels and chemicals. Comput Struct Biotechnol J 3, e10005.

Ma L, Aizhan R, Wang X et al. (2020) Cloning and characterization of low-temperature adapted
GH5-CBM3 endo-cellulase from Bacillus subtilis 1AJ3 and their application in the
saccharification of switchgrass and coffee grounds. AMB Expr 10, 42.

Mao S, Lu Z, Zhang CH et al. (2013) Purification, characterization, and heterologous expression
of a thermostable -1, 3-1, 4-glucanase from Bacillus altitudinis YC-9. Appl Biochem
Biotechnol 169, 960-975.

McCleary BV (2001) Analysis of feed enzymes. In: Enzymes in Farm Animal Nutrition, M.R.
Bedford and G.G. Partridge (Eds.). CAB International, 406.

Miller GL (1959) Use of dinitrosalicylic acid reagent for determination of reducing sugars. Anal
Chem 31, 426-428.

Moazeni S, Mohammadabadi MR, Sadeghi M et al. (2016) Association between UCP Gene
Polymorphisms and Growth, Brreeding Value of Growth and Reproductive Traits in
Mazandaran Indigenous Chicken. Open J Anim Sci 6, 1-8.

Mohammadifar A, Faghih Imani SA, Mohammadabadi MR, Soflaei M (2014) The effect of
TGFb3 gene on phenotypic and breeding values of body weight traits in Fars native
fowls. Agric Biotech J 5, 125-136 (In Persian).

Mohammadifar A, Mohammadabadi MR (2018) Melanocortin-3 receptor (mc3r) gene
association with growth and egg production traits in Fars indigenous chicken. Malay Appl
Biol 47, 85-90.

Mohammadifar A, Mohammadabadi MR (2017) The Effect of Uncoupling Protein
Polymorphisms on Growth, Breeding Value of Growth and Reproductive Traits in the
Fars Indigenous Chicken. Iran J Appl Anim Sci 7, 679-685.

AR

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(Yyvaa Obumo; € o lows VY 5)9.:) C319WS (659950 gur Ao

s,

Ndazigaruye G, Kim DH, Kang CH et al. (2019) Effects of Low-Protein Diets and Exogenous
Protease on Growth Performance, Carcass Traits, Intestinal Morphology, Cecal Volatile
Fatty Acids and Serum Parameters in Broilers. Anim 9, 226.

Osek M, Milczarek A, Janocha A, Swinarska R (2010) Effect of triticale as a partial or complete
wheat and maize substitute in broiler chicken diets on growth performance, slaughter
value and meat quality. Ann Anim Sci 10, 275-283.

Pastor FI1J, Gallardo O, Sanz-Aparicio J (2007) Xylanases: molecular properties and
applications. In: Polaina J, MacCabe AP (eds) Industrial enzymes. Springer, 65-82.
Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning: a laboratory manual, 2nd edn.

Cold Spring Laboratory, Cold Spring Harbor, NY.

Vasudevan R, Gale GAR, Schiavon AA et al. (2019) CyanoGate: A modular cloning suite for
engineering cyanobacteria based on the plant MoClo syntax. Plant Physiol, 01401.
Vieco-Saiz N, Belguesmia Y, Raspoet R et al. (2019) Benefits and Inputs from Lactic Acid
Bacteria and Their Bacteriocins as Alternatives to Antibiotic Growth Promoters During

Food-Animal Production. Front Microbiol 11, 10-57.

Wang J, Zhang H, Wu M, Tang C (2011) Cloning and sequence analysis of a novel xylanase
gene, Auxynl10A, from Aspergillus usamii. Biotechnol Lett 33, 1029-1038.

Wang W, Yan-long J, Yi-chun L et al. (2018) Impact of different promoters, promoter mutation,
and an enhancer on recombinant protein expression in CHO cells. Sci Report 7, 10416.

Yadav P, Maharjan J, Korpole S et al. (2018) Production, Purification, and Characterization of
Thermostable Alkaline Xylanase From Anoxybacillus kamchatkensis NASTPD13.
Bioeng Biotechnol 6, 65.

Yy

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ndazigaruye%20G%5BAuthor%5D&cauthor=true&cauthor_uid=31075855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=31075855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=31075855
https://www.ncbi.nlm.nih.gov/pubmed/30819783
https://www.ncbi.nlm.nih.gov/pubmed/30819783
https://www.ncbi.nlm.nih.gov/pubmed/30804896
https://www.ncbi.nlm.nih.gov/pubmed/30804896
https://www.ncbi.nlm.nih.gov/pubmed/30804896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=28874794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jia%20Yl%5BAuthor%5D&cauthor=true&cauthor_uid=28874794
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Yc%5BAuthor%5D&cauthor=true&cauthor_uid=28874794

