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SUMMARY

A series of experiments were conducted to isolate a pRgahus sp.

from the rumen of Korean native goats and characterize its
endoglucanase. In the subsequent experiment activity of the enzyme
was improved by various DNA technologies and DFMs vespared

by solidstatefermentation method tstudyeffects of feedinddFM on

rumen fermerdtion and feed digestion in Holstein steers.

Exp. 1. Characterization of Cellulolytic and Xylanolytic Enzymes

of Bacillus licheniformis JK7 Isolated From the Rumen of a Native
Korean Goat

A facultative bacterium producing cellulolytic and hemicellulolytic
enzymes was isolated from the rumenaohativeKorean goat. The
bacterium was identified as Bacillus licheniformison the basis of
biochemical and morphological characteristics and 16S rDNA
sequencesand has been designatdghcillus licheniformisJK7. The
optimum temperature fothe enzymes oBacillus licheniformisJK7
was 70 for endoglucanasé®(75Unhitsml) and50 for b-glucosidase

and xylanase (0.63Units/ml, 0.44Units/ml, respectivelyje optimal



pH for thethreeenzymes was.B, at whichtheir activity was 1.46, 1.10,
and 1.08 Units/ml, respectivelyEndoglucanasactivity wasincreased
113% by K*, while K*, Zn', and tween20enhancedb-glucosidase
activity. Xylanase showed considerable activity even in presence of

selected chemical additivasith the exception on®* andCu?".

Exp. 2. Genome Shuffing to Improve b-1, 4-Endoglucanase
Activity of Bacillus licheniformis JK7

Three strains(GS218, GS38 and GS20) which hal higher
endoglucanase productiaghan those of wild type strgWT) have
beenselected after genome shuffling Bfacillus licheniformisJK?7.
Genome shffled strains showed higher growth performance than those
of WT strain after 4 hrs up to final incubatioiEndoglucanase
production increased rapidly frorhr 6 up to hr 16 in all strains
including WT. The increasén enzyme production was associated with

an increase in cell growth

Exp. 3. In situ Degradation Characteristicsof Bacillus licheniformis
BasedDFM

The objective of this studwasto developBacillus licheniformissp. -
based DFM using solidtate fermentation (SSF), then to evaluate the
difference between ndermented meal (NFM) and fermented meal
(FM) in ruminal disappearance amin situstudy FM had higher CP,

EE and ash contents but had lower DM, CF, NDF, ADF and lignin



compared to NFMEM showed significantly higher DM, CP, NDF and
ADF disappearance rate at 3, 6 and 24 inubaton. FM had
microbial count(1x10° CFU/g) and it had cellulolyticand xylanolytic
(9.90 units/g for endoglucanase; 1.67 units/g Yeglucosidase; 1.52

units/g for xylanaseenzymeswhich were not found iNFM.

Exp. 4. Effects of Bacillus licheniformis -Based DFM on Rumen
Fermentation and Microbial Population under in vitro Condition

The objective of this experimemnwas to investiga¢ the effects of
Bacillus sp-based DFM on rumen fermentation and rumen microbial

population in then vitro experiment.

1.1n vitro experiment1
Solid-statefrmentation significantly increased in vitro DM
digestibility of (p<0.05).There were no signdant differences between
NFM and FM in total VFA and butyrate at all time points except 3 hrs
incubation (p>0.05). In contrast, NFM had significantly higher portion
of acetate (0, 3hrs incubation and mean value) as well as propionate (12,
24hrs incubatiorand mean value) than FM (p<0.05M reduced the
number of flavefaciensR. amylophilusandS. bovisn at 3, 6 and 12hr
(p<0.05) which might be due tosome antimicrobial substances

produced byBacillus licheniformisspduring solidstatefermentation

2.1n vitro experiment 2



Secondin vitro study was conducteth study effects oDFM on in
vitro fermentation pattern and substrate digestisih treatments had
timothy as a main substrate. NFI¥000, DM basis)(Con), 5% of FM
(T5) or 10% of FM (T10)was addedto incubation medium The
addition of FMresulted in higheDM digestibility than those of Con
(p<0.05) indicating that FM gave beneficial effect on fiber digestibility
T5 or T10 showed significantly higher production of total, acetate,
propionag, isobutyrate butyrate isovalerate and-walerate than Con
(p<0.05).Log copy numbersof fibrolytic (R. albus R. flavefacien, E.
ruminantiun), starch using bacterigR. amylophilus S. bovi¥ and
proteolytic bacteriaK. ruminicolg increased signifantly by addition

of FM (p<0.05).

Exp. 5. Effects of Supplementation of Bacillus licheniformis Based
DFM on Rumen Fermentation and Microbial Population in
Holstein Steers

An in vivo study was conductedo confirm the beneficial effects of
BacillusbasedDFM in steersTotal tract digestibility of DM, CP, EE,
NDF and ADF were investigated buthére was no significant
difference between treatments (p>0.08)minalpH variation, NH-N
concentration andnicrobial N also showed no difference between
treatmens (p>0.05).Total VFA and acetateoncentrationsvere not
different significantly between treatments atiafiubationtime points

Only R. flavefaciensat 6hrs andB. licheniformisat 0, 6, 12hrs were

A\



significantly different (p<0.05).The significant diféerence of B.
licheniformis population was also detected fecal sample The
endoglucanaséy-glucosidase and xylanase activity in the runaéso
analyzedbut concentration of all enzymes was not influenced by

treatments

Key words: Bacillus licheniformis DFM, cellulase xylanase, genome

shuffling, rumen microbial population

Student number: 200723160
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INTRODUCTION

Improvementsof feed utilization, animaproduction and healtrand
animal food safety are the goals of rumen wical studies These
goals can be achieved by facilitating desirablemen fermentation,
minimizing rumind disorders, and excluding pathogefifie use of
antibiotics like monensin, plant extracts, essential oils, rumen protected
nutrients, prebiotics anBirectFed Microbials (DFM) were some of
classicaimethods to modify rumemicrobial ecosystenand to improve
nutrient digeson and utilization by animalas well as hingyut health.
Among them, DFM haveaeceived much interests from researchers
since theuse of DFM mght give beneficial effects onumen
(modification of fermentation, the improvement of fiber digestion and
antimicrobial effects) and hirgut (pathogen exclusion by competition,

stimulation of immune respons@jicAllister et al., 201}

In an effort to develop DFM that can produce high cellulolytic
activities, Bacillus licheniformisJK7 was isolatedrom Korea native
goats rumen(Experiment 1) as a candidat®BFM strain because this

strain isknown asspore forming bacteria which can surviveharsh



conditiors such as acidic stomach and high bile acid concentration in
hind-gut. Then this strain was undergomneculsive protoplast fusion,
called genome shufflinp enhance endoglucanase producpotential

of this microorganisnExperiment 2)

After developing strain with improved endoglucanase produdié&iV)
was prepared byusing solid state fermentatiotechniqueand the
characteristics of developed DFMerestudiedin thein situtrial. The
enzyme productionpotential andcell counts of DFM were also
investigated (Experiment 3). Finally, the efficacy of DFM was
assessedn the in vitro (Experiment 4) and in vivo experiment
(Experiment 5) to investigate effects of DFM on rumen fermentation
chamcteristics microbial population in the rumen or intestirmad feed

digestion



LITERATURE REVIEW

Microorganisms used inDFM products

Microorganisms usedn DFM for ruminants include species of
Lactobacillus Bifidobacterium, Enterococcus, r&ptococcusBacillus
and Propionibacterium all of which are commonly useds probiotics
for human andnonc-gastric animal®r asinoculatesfor dairy product
processg (Table 1) Other distinctive bacterial species such as
Megasphaera elsdenénd Prevdella bryantii havealso beenusedas
DFM to stabilizeor improve rumen function. These bacterial DFM
strains may be classifiedslactic acid producing, lactic acid utilizing,
or other microorganismdn ruminant animalsthe rumen is the first
organthat DFM reachupon ingestionDFM grow in the rumenand
beneficially modify its microbial ecosystemandor fermentation
characteristicsTheintestiral tract mayalsoprovidea habitatfor DFM.
Lactic acid production and utilization the rumens closely réated to
feed efficiency and animal healthAlthough bacterial DFM are

emphasizedfungal DFMare also commoly addedto ruminant diets



(Kung Jr, 200L Most commercial yeast products contain species of

SaccharomgesandAspergillis.

Table 1.Microorganisms used &M for ruminants

Genus

Species

Lactic acid producing bacteria

Lactobacillus

Bifidobacterium

Streptococcus
Enterococcus

Lactic acid utilizing bacteria
Megasphaera
Propionibacterium

Other bacteria
Prevotella
Bacillus

Yeast
Saccharomyces

Fungi
Aspergillus

Lactobacillus acidophilus
Lactobacillus plantarum
Lactobacillus casei
Lactobacillus gallinarum
Lactobacillus alivarius
Lactobacillus reuteri
Lactobacillus bulgaricus
Bifidobacterium pseudolongum
Bifidobacterium thermophilium
Bifidobacterium longum
Bifidobacterium lactis
Streptococcus bovis
Streptococcus faeai
Enterococcus faecium
Enterococcus faecalis

Megasphaera elsdenii
Propionibacterium shermanii
Propionibacterium freudenreichii
Propionibacterium acidipropionici
Propionibacterium jensenii

Prevotella bryantii
Bacillus subtilis
Bacillus licheniformis
Bacillus coagulans

Saccharomyces cerevisiae
Saccharomyces boulardii

Aspergillus oryzae
Aspergillus niger




Modes of DFM action

1) Ruminal effects

Bacterial DFMintended tohavebeneficial effect on the postruminal
gastrointestinal tracbut certain bacterial DFM wergecentlyfound to
play a beneficial role inthe rumenitself. The nodes of action of
different DFM sources in the rumemesummarizedn Table 2 Lactic
acid producing bacteria (LAB) have beproposed tdhave beneficial
effecs in the intestinal tract However, some researcheitsave
suggested that AB might alsohavepositive effecsin the rumenLAB
such adactobacili and Enterococe might prevent ruminal acidosis in
dairy cows (Noceket al, 2002)by facilitating the growth of ruminal
microorganisms adagd to the presence ofactic acid in tle rumen
(Yoon and Stern, 199%)ndby stimulating lactic acid utilizing bacteria

(LUB).

LUB have alsobeenproposed aBFM andhave been usesliccessfuly

to decreas concentratioa of lactate and maintain ruminal pH.
Megasphaera elsdenmay utilize lacate and prevent drastic pH deop
caused by accumulation of lactate in the rumen wieeha highly
fermentable diet (Kung and Hession, 1995), and the supplementation of
M. elsdeniiwas proposed as a means of prevensiogte acidosisn

transitionanimals.



Table 2. Mode of action of DFM in the rumen

Proposednechanism

Lactic acid producing bacteria
1. Provsion ofa constant lactic acid supply
2. Adaptation of overall microflora to the lactic acid accumulation
3. Stimulation of lactate utilizing loteria
4. Stabilization of ruminal pH
Lactic acid utilizing bacteria
1. Convesion oflactate to VFA (e.gMegasphaera elsdeiii

2.

Prodution of propionic acid rather than lactic acid (eBropionibacterium

spp)

3.
4.
5.

Increasef feed efficiency
Decreasef methane production
Increasef ruminal pH

Fungal DFM

1.
. Preveribn of excess lactic acid in the rumen

. Provsion ofgrowth factos such as organic acid and vitamin B

. Increas®f rumenmicrobial activity and numbers

. Improvenent ofruminal end products (e,/FA, rumen microbial protein)
. Increas@f ruminal digestibility

O 01~ WN

Redution of oxygen in the rumen

Propionibacterigermentslactateto propionate and popionateis the
major precursor for gluconeogeresn early lactation dairy cows
(Reynoldset al, 2003) Incremers of propionate production in the
rumen result inincreags of hepatic glucose productiofstein et al.,
20069, providing more substrate for lactose synthesisimproving
energetic efficiencyand reducing ketosigWeiss et al., 2008 In
addition, increased propionate may reducgdtogen available for

methane production in themen(Stein et al., 2006 Certain species of



propionibacteriawere reported to modify rumen fermentationand
increa® themolar portion of ruminal propiona{&tein et al., 2006
Fungal DFMhave beerextensively used in ruminanfor improving
performance andnormalizing rumen fermentation.Increass in
bacterial numbers recovered from tlhnenarethe most reproducible
effects of dietary yeast supplementati®tose (1987) suggesteabat
yeastsremoved oxygen in the rumen. Yeast celh the rumen use
available oxygen on the surfaces of freshly ingested feed to maintain
metabolic activity.Jouanyet al (1999) observed a significant decrease
in redox potentigl up to -20mV, in the rumen with yeast
supplementatianThis change creadebetter conditions for the growth
of strict anaerobic cellulolytic bacteriatimulatel their attachment to
forage particles (Rogest al, 1990), andncreasd the initial rate of
cellulolysis. In addition, S. cerevisiaewas able to compete with other
starch utilizing bacteridor fermentation of starch (Lynch and Martin,
2002) leading to the prevention déctateaccumulationin the rumen
(Chaucheyrast al., 1995).Chaucheyrast al (1995) also reported that
S. cerevisiaehadthe ability to provide growth facta; such as organic
acics or vitamins thereby stimulating ruminal populations of

cellulolytic bacterisand LUB.



2) Postruminal GIT effects

As noted, previous inquiries regardindeeding bacterial DFMto
ruminant animalgocused onts potential beneficial effeston the post
ruminal gastrointestinal tract (GIT) Somesuggestednechanisra are

summaized inTable3. Proposedoles ofbeneficial DFMare to

a. attachto the intestinal mucosa and prevents potential pathogen
establishment

b. maintain lower pH in the GIT thereby inhibiting growth of
pathogens

c. produce antibacterih compounds such as bacteriacirand
hydrogen peroxide

d. modulatemmune cells and stimulate immune function

e. modulatemicrobial balance in the GIT

f. preventliness caused by intestinal pathogen stress

Enterotoxinproducing strain®f E. coli attachto intestinal epithelial
cells and mcus to induce diarrhea (Jones and Rutter, 19/@¢.et al
(2003) discovered that rhamonsu$sG could attach to epithelial cells
via hydrophobic interactiaand limited pathogens from attaching to
the enterocytic recepto6teric hindrancedisplacs pathoges, which
eventually detach fromthe enterocytic receptor.n addition, L.

rhamonsus (Lcr35) decrease adhesion of enteropathogenic and



enterotoxigenicE. coli and Klebsiella pneumonigForestieret al,
2001).In other experimest LAB was able toadhere to the intestinal
tracs of mice, protecting animals againSalmonella DublinDSPV
595T (Frizzo et al., 2010 LAB produces lactate and acetate as main
metabolic end products. Theaeids hae critical roles in penetrating
microbial cels and interfeing with essential cell functiono reduce

intracellular pH (Holzapfett al, 1995).

Table 3. Modsof action of DFM in the postumen GIT

Proposed mechanigm
1. Production of antibacteriabmpounds (acids, bacteriocins, antibiotics)
2. Competition with pathogerfor colonizationof mucosa and/or for nutrients
3. Production and/or stimulation of enzymes
4. Stimulation of immune response by host
5. Metabolism and detoxification of desirable compounds

Hydrogen peroxide and several bacteriocins produced by LAB are also
important compounddue to theircompetitive exclusion and pratiic
charateristics. Hgrogen peroxide can oxidizen the bacterial cell,
sulfhydryl groups of cell proteins and membranediggDicks & Botes,
2010, thereby blocking glycolysisiue to the oxidation of sulfhydryl
groups in metabolic enzymes such as glucose tranggaymes
hexokinase, and glycerol aldehyB8ehogphate dehydrogenase
(Carlssonet al, 1983).Holzapfel et al (1995) suggested that LAB
producel hydrogen peroxidewhich effectivelyinhibited S. aureusand

Pseudomonaspp.



LAB bacteriocins werewell documentedby Cotter et al (2005).
Reuterin, produed by L. reuteri when grown anaerobically in the
presence of glucose and glyce(Dicks & Botes, 201)) inhibited the
binding of substrates to the subunit of ribonucleotide reductase so that
interfering with DNAsynthesis of target microorganisms (Dobrogosz
et al, 1989).Lactobacillus GG, isohted from humanswas able to
produce unidentified antimicrobial compourttisit limited the growth

of Staphylococcuspp., Streptococcuspp., andPseudomonaspp. in

in vitro (Silvaet al, 1987).

Modulation of host immune function is another mode ¢ibacf DFM.

In the GIT, there arevarious immune cells such as dendritic cells,
natural killer cells, macrophages, neutrophils, and T and B lymphocytes
that are aggr egat ed i n Peyer d0s patches,
intraepithelial regions (Krebielet al, 2003). After DFM are
adminisered to the GIT, they are directly taken up by intestinal
epithelial cells via transcytosigntigen presenting cells, macrophages
or dendritic cells engulf them, finally stimuilag an immune response
(Dicks & Botes, 201 Various strains of LAB activatemacrophage

to producecytokinesthat stimulate immune responddatsuguchiet al
(2003) suggested that. casei Shirota andL. rhamnosusLr23
stimulatel macrophages to secrete TNF o r promote develo
regulatory dendritic cellsMiettinen et al. (1996) alsoreported that

LAB could induce the production of proinflammatory cytokines, TNF



U, and 6nfrone humanueé&ripheral bloothononuclear cells

(PBMC), therby stimulating norspecific immunity.

Effectson performance of ruminants

1) Calves

Since yung calveshave todigest a significant amount of ration
nutrients in their intestinesthey may beat risk of intestinal
proliferation of detrimental organismsNeonaal calves are often
stressed in new environments, such as transport, weaning, vacgination
and dehorningKrehbiel et al., 2008 In intensive farm systems, leas
arerapidly sepasted fromcowsbefore thei intestinal microbiotdhave
completelycolonized This situation might increase the possibility of
diarrhea and weight lossThe administration of drge amourst of
beneficial microorganismmay allowstressed intestinal environment
to be colonized and return GIT function to normal more quickly in
scouring calveqKung Jr, 200L Thereforemany studies have been

conducted to evaluate the effects of DFM on young calves (Table 4).



Table 4. The effects of various DFM onfgaérformance

Strains

Dose

Effects References

Aspergillus oryzae

Lactobacillus
acidophilus

Bifidobacterium
pseudolongum
Lactobacillus
acidophilus

Lactobacillus
acidophilus
Lactobacillus
plantarum
Lactobacillus
acidophilus 27SC

Lactobacillusa
acidophilus
Propionibacterium
freudenreichii

Propionibacterium

5 x 10cfunits/ml

5 x 10cfunits/ml

3 x 1@cfunits/ml

Not noted

Not noted

1.85x 10cfunits/ml
from

1 x 1@cfunits/ml
to

1 x 1C@cfunits/ml

1.1 x 1&cfunits/ml

jensenii 702 1.2 x 1Gcfunits/ml
(PJ702)

Lactobacillus 1x10
acidophilus

Saccharomyces 3x10

cerevisiae cfu/flask/kg
Lactobacillus casei 3 x 10

DSPV
Lactobacillus
salivarius
DSPV 315T
Pediococcus
acidilactici
DSPV 006T

318T cfu/kg live weight

Higher total VFA, propionate, an' (Beharka et al.,
acetate concentrations in the rume 1991]

Cellulolytic bacterial counts tended |

be higher than controls.

Calves receiving L. acidophilus (Cruywagen et al.
maintained initial BW, and contrc 1996
calves lost BW until 2 wk of age.

Both strains improved ADG, fee (Abe etal., 1995
efficiency and reduced diarrhe
incidence.

Incidence of diarrhea decreased af (Abu-Tarboush et
week 1 in calves fed DFM containin al., 199§
Lactobacillus. Lactobacilli increased

in feces of calves fea liquid diet

treated withL. acidophilus27SC

Calves fed DFM showed lower fec: (Elam et al., 2008
shedding ofE.coli.

Calves fed PJ 702 exhibited (Adams et al.,
successful gastrointestinal transit 2008
the bacterium.

ADG and feed efficiency were highe (Malik & Bandla,
in calves receivingprobiotics plus 2010
enzyme supplemesit

Inocub stimulated earlier (Frizzo et al,
consumption of starter and earli 2010
development of the rumen.




Many studies indicatedhat LAB could regulate diarrhea incidence as
well as improve weight gain and feed efficienglgen usedas a DFM
source Holstan calves supplemented with. acidophilus27SC had
significantly higher colony counts ifeces compared toalves fed a
control diet. As a resultcalves fedL. acidophilus 27SC showed
significant difference in scour index during weeks 5, 7and 8
comparé with calves feda control diet and during weeks 7 and 8
compared witlcalvesfed a mixed lactobacilli die{Abu-Tarboush et al.,
1996. Abeet al (1995) investigated the effects of oral administration
of Bifidobacterium pseudolonguar L. acidophiluson newborn calves.
Oral administration othe two types of LAB improved body weight
(BW) gain and feed efficiencyand reduced frequenes of diarrhea
occurrence comparechlves that did not receive LAB'he BW gain
was different between treated and contgobups, but not between
groups fedBifidobacteria and Lactobacilli. Dicks and Botes (2010)
suggested thadtifidobacteriaproduce acetic and lactacids at a ratio
of 3:2, andthat these acidmight be mae effectivefor the control of
gramnegative pathcgns and yeasts in the GiffanLactobacillusspp.
becauseacdate was more effective againstrgmnegative bacteria,

moulds and yeasts (Gilliland, 1989)

In recent experimest LAB werealso inoculatednto young calves to
improve growth performanci-rizzo et al., 2010 Young calves were

fed milk replacer and a large quantity of spdaied whey powder to



generate an intestinal imbalance. Under these conslitalves fed
probiotics had higheaveagedaily gain(ADG), total feed intake, and
starter diet intakes well as lower fecal consistency indendicaing

that diarrhea incidence was redu¢gdzzo et al., 2010

Adamset al (2008) examined the effect of a novel bacterial strain,
Propionibacterium jensenii702 isolated in Australia on growth
performance. Most bacterial DFM for young calves contain LAB,
whereas dairyPropionibacteriaare rarely used.Propionibacteriacan
increase prapnate and butyrate concentration in the rumen thereby
stimulatng rumen developmenteEal recovery oP. jensenii702 from

the treatment groups from week 2 indicated successful gastrointestinal
transit of the bacterium arttiese calves exhibitesigher weight gain

during preweaning and posteaning period

2) Adult ruminants

During transition period, defined as 3 weeskprior to calving to 3
weels after calving (Grummer, 1995), dairy cows are stressed due to
calving, changing diet$o rapidly fermengble carbohydrate sourse

and lactation. Sudden changes that occur during this time may cause
metabolic disordersuch as suacute acidosis dairy cows(Chiquete

et al., 2008 Oetzel et al., 2007 In finishing beef cattle, it ialsovery
important to preventuminal acidosiscaused byhighly fermentable

feeds.Both dairy and beetattle fed DFM showed improvedrowth



performancemilk and meatproduction, and feed efficiency in many
experimentgGhorbani et al., 200Xrehbiel et al., 2003Nocek et al.,
2002 Stein et al., 2006

LAB with yeast or LUB has been used as DFM to improve
performance of dairy cow&nterococcudaeciumwith yeast was top
dressed in a supplemethtringboth pre and postpartum periods. DFM
increasediry matter intakemilk yield, and milk protein content during
the postpartum period. Blood glucose and insulin levels were higher
and non esterifiedfatty acid NEFA) levels were lower for cows
receiving DFM during the postpartum period (No@tkal, 2003). In
another studyNocek and Kautz, 2006cows supplemented with.
faeciumwith yeasthad higher ruminally available dry matter (DM),
consumed rmre DM during both the preand postpartum periods, and
produced more milk/cow perag. Therewere no difference in 3.5%
fat-corrected milk(FCM) between cows supplemented with DFM and
controls There were no differences in milk fat yield or milk protein
percentage and yield. Cows consuming DFM had higher blood glucose
postpartum, as well as lower bétgdroxybutyrate(BHB) levels both
pre-partum and onaly 1 postpartum. Oetzelt al (2007) reported that

E. faeciumplus S. cerevisiaeincreased milk fat peentage when used
asDFM for first lactation cows and increased milk protein percerstage
for second and greater lactation cows during the first 85 DIM. Second
lactation cowseceivingDFM alsoreceived fewer antibiotic treatments

before 85 DIM than cowseceiving placebo.



Table 5. The effects of various strains ofNDBn adult ruminant performance

Strains Dose Effects References
Enterococcus from Sustained digher nadir pH than cow: (Nocek et al.,,
faecium 1 x 10cfunits/ml  fed 1¢ or 10 and had a highe 2002
Lactobacillus to digestion rate of high moisture ear ca

plantarum, 1 x 10cfunits/ml  (HMEC) dry matter.

Sacchromyces

cerevisiae

Propionibacterium 1 x 1Ccful/g DMI and runinal pH were not (Ghorbani et al.,
P15 different. DFMresulted innumerically 2002
Enterococcus lower blood CQ concentratios and

faeciumeEF212 reduced risk of metabolic acidosis.

Enterococcus 5 x 1CFcfulg Cows fed DFM consumed more DN (Nocek & Kautz,
faecium and produced 2.3kg more milk/cow p 2006

Yeas 5 x 1Ccfulg day.

Propionibacterium
P169

Lactobacillus
acidophilus LA747
Propionibacteria
freudenreichiiPF24
Lactobacillus
acidophilusLA45

Enterococcus
faecium
Saccharomyces
cerevisiae

Saccharomyces
cerevisiaesubspecies
boulardii CNCM
1-1079

Prevotella bryantii

Propionibacterium
strain P169

6 x 10°%fu/cow
6 x 10" cfu/cow

1 x 10cfu/cow
2 x 10cfu/cow

5 x 1Fcfu/cow

5 x 1C0cfu/cow/d
5 x 1@cfu/cow/d
0.5g of yeast

/steer/d

2 x 10"cfu/dose

6 x 10"cfu/d

Cow fed high dossand low dosg of (Stein et al., 2006
P169 exhibited 7.1 and 8.5% increas
above contrls in daily 4% FCM,

respectively.

No differencs in average DMI, yield (RaethKnight et
of 4% FCM, ruminal pH and total VF/ al., 20073
concentration in the rumenwere

observed

First lactation cows fed DFM produce (Oetzel et
more milk fat % andsecand lactation 2007

cows fed DFM received fewe

antibiotic treatments.

Treatments did not affect DMI, ADG (Keyser et
or feed efficiency during the 2007
experimental period.

Prevotella bryantiitreatment increase:
milk fat %, concentration of acetat
butyrate, and decreased lacte
concentration 2 to 3 hour after feedinc

(Chiquette et
2008

Cows fed P169 had lowe
concentrations of acetate, grea
concentrations of propionate, ar

higher energetic efficiency.

(Weiss et
2008




RaethKnight et al. (2007) evaluated the effeaf the combination of.
acidophilusLA747 andP. freudenreichiiPF24 on 84 d dairy cattle
performance and 28 d periods ruminal characterizatibR8 was top
dressed on thtal mixed ration (TMRpnce daily. DFM did not affect
performance including DMntake (DMI), 4% FCM, percentage or
yield of milk components, feed efficiency, apparent digestybdftDM,
crude protein(CP), neutral detergent fibdNDF), starch, rumen pldr
concentrations of ammonia or total volatile fatty a¢MBA).

DFM effectsin the rumes of dairy cows have been studied in a
feeding trial,in which mixtures ofE. faecium,L. plantarum,and S.
cerevisiaeat a level of 18 1, or 10 cfu/ml rumen fluid were directly
administered via rumen cannula to cows in early lactatior oladly

for 21 d. Cows fed Tcfu sustained a higher nadir pH than cows fed
10° or 10 cfu. Cows fed 18 cfu had a higher digestion rate of high
moisture ear corn dry matter. Corn silage digestion was higher for cows
fed 10 cfu and 16 cfu comparedo those receiving 10cfu (Noceket

al., 2002). Weisst al. (2008) supplemented dairy cows from 2 wk
before anticipated calving to 119 id milk with Propionibacterium
strain P169 Cows fed P169 had lower concentrations of acetate,
greater concentrations ofrgpionate and butyratePlasma and milk
glucose orplasmaBHB levels were not affected by DFM. Cows fed
P169 had greater concentrations of plasma NEFA on d 7 of lactation.
Cows fed P169 during the first 17 wk of lactation produced similar

amounts of milk wh similar composition as cows felcontrol diet.



Calculated net energy use for milk production, maintenance, and body
weight changeveresimilar between treatments, but cows fed the P169
consumed les®M, which resulted in a 4.4% increase in energetic
efficiency.

Ruminal anaerobic bactengerealsostudiedasDFM source for dairy
cows. Prevotella bryantii25A was used as a DFM to dairy cows in
early lactation(Chiquette et al., 2008Six cows were given 2 x 16
cells/dose oP. bryantii25A, inoculated directly with a syringe through
the rumen cannulaAdministration ofP. bryantii 25A did not change
milk yield, buttended to increasmilk fat in accordance with increased
acetate and butyrate concentrations in the ruRelbryantii 25A also
decreased lactate concentration afteBh2feeding compared with
control treatmerst, therebyexhibiting thepotentialto prevent acidosis
(Chiquette et al., 2008 Exogenous cellulolytic bacteria have been
studied as DFM to improve runal fermentation (Chiquettet al,
2007). Ruminococcus flavefacierdJ, isolated from the rumen of a
wild moose, was supplemented into the rushne@hnonlactating dairy
cows fed either a high concentrate or a high forage dhdt. NJ
modified the aburahces of other cellulolytic bacterial populations, and
improvedin saccodigestibility of timothy hay in the rumewhen fed

as part of digh concentrate diet. The presencéspergillus oryzaer

S. cerevisiaeor a change of concentrate to forage ratiohe diet did

not succeed in establishing the new strain in the rumen. In an early

study, genetically markeBuminococcus albusas inoculated into the



rumen of a goat and the extent of bacterial survival in the rumen was
measured (Miyaget al, 1995).R. albuspersisted in the rumen for 14 d

at 1G cells/mL of rumen contents.

Strategies of DFMapplication for ruminant animals

1) Aero-tolerant microorganisms

As discussed above, microbials f9FM must be:
a. viable during preparation and delivery to aalsn

b. able to survive in digestive environmsnt

Cultivation and preparation akadyto-use strict anaerobes may be
costprohibitive. Any dosing method other than adding DFM to the diet
is unlikely to be acceptable as a generaffamm practice (Nagarajat

al., 1997), especiallfor daily dosing.ndividual administration may be
labor and timentensive and prohibitive for large feedlots. DFM
studies of strict anaerobic bacterial species generally focus on
establishment of exogenous or genetically modifrdins after short
term administration (Jones and Megaritty, 1986binsonet al, 1992;
Miyagi et al, 1995; Gregeet al, 1998; Chiquettet al, 2007), while
studies of facultative or aetolerant anaerobic bacterial species
include longterm daily sipercharging in the rumen (SwinnEloyd et

al., 1999;0Ohyaet al, 2000; Elamet al, 2003;Krehbiel et al, 2003).



Synergesties jones{Jones and Megaritty, 1986) aml fibrisolvens
(Gregg et al 1998) established populations in the rumen, wHie
albusstrain A3 (Miyagiet al, 1995) ancR. flavefacien®NJ (Chiquette

et al, 2007) did not persist in the rumen at effective populatines.
However, repeated dosing increased cell numbeRs flavefaciendNJ

in the rumen. The chance to succeed as RMDwith onetime
administration may be limited to only a few strains. Therefore, innate
or acquired aertolerance may ban importantriterion for DFM to be
useful tosuperchargg@opulationsdaily or establish populati@in the
rumen.

An experiment wagonducted to evaluate potentiplof aeratolerant
rumen LUB (Kim, 2007). Ruminal contents were collected from dairy
cattle and enriched in lactic acid media anaerobicadiytwo transfers
(N2), and then used as inocula for further enrichments. A strict
anaerobic preparation (N6) was enriched throdgbr additional
anaerobic subcultures. An addderant preparation (N2A2N2)vas
passedthrough two aerobic subculturing and thetwo anaerobic
enrichments. An aerobic preparation (N2A4) passed 4 aerobic
enrichments. When these enrichments were addeditimsisinducing

in vitro ruminal fermentation, N2A4 completely inhibited lactate
accumulationyielded greater total VFA and maintained higher pH than
N6 or N2A2N2. Aerobic enrichment may increase the clanoe
isolate aerdolerant lactic acidutilizers by reducing strict anaerobes in

the culture.The airrent study also supports the potential use of-aero



tolerant rumen microorganisms as DFM for cattle. Howetere are
only a few species deratolerant nicroorganisms. Aerbolerance is
required only during delivery to the rumen, and does not guartrgee

amicroorganisnwill be effective as DFM.

2) Spore forming bacteria

Tolerance of microorganisms to heat is also importanDfeM since
they have tosurvive processing duringeed production. In general,
most yeast and LAB are destroyed by heat during pell¢Kugg Jr,
200]7). Spore forming bacteridnave advantages as probiotics for
humars and animalgRipamonti et al., 2009 Ripamontiet al (2009)
suggested that the ability to form sponesght provide probiotics
(DFM) with higher resistance to stresses during producti@hstorage
processes (Hyronimwet al, 2000) and also higher resistance to gastric
and intestinal environmental conditioftdong et al., 2005Sanders et
al., 2003.

Several recenstudies demonstratetihe probiotic (DFM) effects of
Bacilli, spore forming bacteria, on ruminant performance (Table 6).
Bacillus species have specific mechanssthat inhibit gastrointestial

infection by pathogens or producing antimicrobials.



Table 6. Effects of DFM containing bacilli on ruminant performance

Strains Animals Effects References
Bacillus licheniformis  Sheepand Control group tended to have high (Kritas et al,
Bacillus subtilis lambs mortality thanthe DFM treated group anc 2006

produced significantly more milk.
Bacillus licheniformis  Holstein Milk yield and protein were increased k (Qiao et al., 2009
Bacillus subtilis cows supplementation dBacilli.

Bacillus licheniformis increased rumina

digestibility and total VFA concentration.
Bacillus subtilis Holstein Fecal shedding of presumptiv@lostridium (Wehnes et al.

calves perfringensat day 7 was reduced in sgcong 2009

calves treated with electroleplus DFM

compared to scouring calves treated w

electrolytes alone.
Bacillus licheniformis  Holstein Cows fed DFM had a higher ADG, final liv (Kowalski et al.,
Bacillus subtilis calves weight. 2009
Bacillus cereus Sheep Both probioticseenhanced humoral immunity (Roos et al., 2010
var. Toyoi
Saccharomyces
boulardii
Bacillus subtilis Cattle There were no dignificant difference (Arthur et al,

strain 166

observed between treatments for either h 2010
or fecal prevalence d. coli O157:H7.

Kritas et al. (2006) examined the effecdf DFM containingBacillus

licheniformisand B. subtilis on young lamb and milking ewesunder

field conditions Theaddition of DFM tended taeducethe mortality of

young lamis and increased the daily milk yield of ewes. Another

experimentegardingbacilli DFM was conducted in China (Qiabal.,

2009),

and vyield of 4%

FCM, FCMDMI, and milk protein

percentage were increasedafter B. licheniformis supplementation.

Total

VFA and acetate concentrations were higher

wih

licheniformisthan in the other two groupB, subtilisor animals that

receivedno supplemerg



In addition to the practical advantages of spamenfng DFM, strong
cellulolytic activity may support the potential of bacilli as DFM for
ruminant or nonruminant animals by improving fiber digestion in the
rumen and/or irthe GIT by supplying oligosaccharides to beneficial

microorganisms

Enzymes forruminant

The improvement of fiber digesti is one of main tasksin ruminant
nutrition sincethe major part of feed for ruminant is forage which has
approximately 3670% of NDF based on DM. Furthermore, the total
tract digestibility of NDF might be less ah 65% when rumen
condition was optimal for cellulolytic microorganisnf¥an Soest,
1994) This digestibility could decreaskey 35 to 50% when rumen
condition was abnormal due to high concentrated diets (Beauchemin et
al. 2001). Therefore, the improvemaett fiber digestion could bring
some beneficial effects such #ge increment of energy utilization,
DMI, ADG, feed conversion efficiengyncreasing milk yield, and meat
production. Oba and Allen (1999) also reported that 1% increment of
NDF degradabilityn the rumen brought the 0.17kg/day of DMI as well
as 0.25kg/day of milk yield higher than befolgecause of above
reasols, many researchers used fibrolytic enzgrasfeed additives to

improve fiber digestion.



Fibrolytic enzyme ismostly consisted to céllase and hemicellulase.
Cellulase is the enzyme which can degrade cellulose materials.
Cellulase which is produced by fungi or bacteria, can be divided into
three types; endoglucanase (erigéb-D-glucanase, EC 3.2.1.4),
cellobiohydrolase (exd,4b-D-gl ucanase, EC -3. 2.
glucosidase (1:4-D-glucosidase EC 3.2.1.21) (Hong et &Q01).
Endogl ucanase hyldglsitic lzomeds of rcdllidosen a |
chains randomly so that new chain ends were produced. While,
cellobiohydrolase cleave cellulose chains at the end site to produce
cell obi os e -glocosidagée cac attmak .onbeliobiose and
release glucose units (Kumar et al., 2008; Percival Zhang et al., 2006).
These cellulolytic enzymes work together to degramdlulosic
materials quickly. Endoglucanase make new chain site which
cellobiohydrolase can workihen the end pradt is degraded bf-
glucosidaseThe hemicellulase system which is more complicated than
cellulase system, include various enzgraeu ¢ h -1,&endxflanase

( EC 3. 2xyldsidaBe (EC $2.1.37)) -L-arabino furanosidase

(EC 3.2.1.55), b-mannosidase(EC 3.2.1.25) U-glucuronidase (EC

3.2.1.13) and acetylxylan esterase (EC 3.17P2) (Wong et al., 1988).

As mentioned above, the administration of fibrolytic feed enzynse ha
beneficial effects on ruminant energy utilizatiofirst of all, the
administréion of exogenousfiber degrading enzyme can induce

synergistic effect with ruminal fibrolytic enzyme. Morgavi et al. (2000)



reported thatexogenousfibrolytic enzymes combined with rumen
microbial enzymes increased cellulose and xylan degradation up to 35
100% respectively Secondly, the use of exogenous enzyme has
beneficial effects under low pH rumen condition since some
commercial enzyme additives from fungal or bactehale lower
optimal pH than those of rumen microbial cellulolytic enzyme
(Beauchein et al., 2004)The other advantage of fibrolytic enzyme
additives for ruminant fiber digestion is that thecrease of rumen
bacterial attehment and the stimulation of bacterial growirhe
administration of fibrolytic enzyme can modify the surfacefarbge
source thereby helping bacterial colonization. Morgavi et al (2000b)
suggested thatxogenousfiber degrading enzynse may remove

physical barrier which inhibstbacterial attachment.



Classical strategies for improvement of microbial

production

Microorganisns have been receiving strong interests from many
biotechnologists due to their capabilitpf producing various
compounds which are beneficial for human being. Primary metabolites,
second metabolites, antibiotics and various enzynresluped by
microorganism have been applied at industrial sddtevever,some
limiting steps mustbe solved before applying to industrial production.
Microorganisms only produce ideal materials as much as they need for
their growth, maintenance and reprotion (Adrio & Demain, 2008.
They do notoverproduce beneficial metabolites and have complex
processing step. Strain improvement can provideogb@ortunity for
reducing costs without any additional processing equipment or
production systemk-or examplejf microbes are modified toconsume
lower cost carbohydrate sourgeghen production costwill be
significantly lower than wild type microorganisms which utilize pure
glucose as an energy sourcEherefore, Improvement of strain is

prerequisite condition for industrial mass production.



Table7. Mutagens employed for strain developm@drekh et al., 2000

Mutagen

Mutation induced

Impact on DNA

Relative effect

Radiation

lonizing radiation

1. X-rays,p-rays

Short wavelengths

2. Ultra violet (UV) rays

Chemicals
Base analogs

3. 5Chlorouracil
5-Bromouracil

4. 2Aminopurine deaminating agents
5. Hydroxylamin (NHOH)
6. Nitrous acid (HNQ

(continue)

Single or double strand breakage of DN

Pyrimidines diamerization
and cross link in DNA

Results in faulty pairing

Errors in DNA replication
Deamination of cytosine

Deamination of A, C and G

Deletions, structural changes

Transversion, deletion, frame shift,
transitions fom GC-> AT

AT -> GC, GC-> AT transition
AT -> GC, GC-> AT transition

GC-> AT transition

Bi-directional translation, deletion
AT -> GC and / or GC> AT transition

High

Medium

Low
Low

Low

Low

Medium
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Mutagen

Mutation induced

Impacton DNA

Relative effect

Alkylating agents

7. N-Methyl-N'-nitro
N-Nitroguanidine (NTG)

8. Ethyl methanesulfonafEMS)

9. Mustards d{2-chloroethyl}sulfide

Intercalating agents

10. Ethidium bromidéETBR)
Acridinedyes

Biological
11. Phage, lasmid, DNA transposing

Methylation, high pH
Alkylation of C and A

Alkylation of bases C and A

Interaction between two base pairs

Base substitution, breakage

GC -> AT transition
GC -> AT transition

GC -> AT transition

Frame shift, loss of plasmids
and microdeletions

Deletion, duplication, insertion

High
High

High

Low

High
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Artificially induced mutation has been widely used in commercial to
improve the production of industrial strainBhe most widely used
method to acquire mutastrains which have desired characteristics is
to adjust a population using mutagenic sources until a specific survivor
is discovered. Mutation induces altering at least one nucleotide at a
certain site throughout the DNA strapeérmanently Almost part of
mutations cause harmfuicidenceto hostmicroorganismsbut certain
mutation can lead the target microorganisms to adapt to harsh
environment or improve metabolites production without any negative
performancesGenetic alteration or improvement of straialong with
mutation can belassicallyachievedby a diversity of physical as well

as chemical magers which arelisted in Table qAPareke et al., 2000)
N-Methyl-N'-nitro-N-Nitroguanidine (NTG), dhyl methanesulfonate
(EMS), methylmethansulfonat@MS), hydroxylamine and ultraviolet
(UV) irradiation were the mostly used for mutation as a mutagen.
These mutagens affect DNA conditibg ways ofnucleotides deletion,
addition, base alteration and breakage of DNA strands. The success of
mutagenesis is depdent upon how much we can improve the
frequency of desired strains after mutation procbkesausemost
mutagenesis cause negative effects on productivity of target strain,
especially in the highly developed straifizarekh et al., 2000NTG

have been known for an excellent chemical reagent for mutation since
this can cause the DNA mutation at multi points and provide the

highest generation rate of mamt among survivors (Baltz, 1986). In
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additionto typesof mutagen, the culture type of target strain, dosing
amount of mutagen, incubation time with mutagen, the methods of
treatment or post treatment can affect the frequency of successful
mutagenesis (Mch and Byng, 1998). The Improvement of microbial
cellulase production was also amved by above mutagens (Tablg 8
Many microorganisms including fungal and bacterial strain were

mutated experimentally with various chemical, physical mutagens.
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Table8. Research related with strain improvement for cellulase production using classical method

Wild type strain Mutagen Effects References

Fusarium oxysporum NTG Mutant NTG19 had enhanced production  (Kuhad et al., 1994

DSM841 UV rays cellulase

Cellulomonas flavigena EMS Mutant M9-82 had 2.7 fold higher xylanase (Reyes & Noyola, 1998

PN-120 NTG activity

Bacillus pumilus EMS Catabolite repressieimsensitive mutant (Kotchoni & Shonukan,
released 2002

Bacillus pumilus

Fungi (not identifyed)

Penicillium echinulatum
sp.

Chemical mutagen

NTG
ETBR
UV rays

Hydrogen peroxide

more cellulase(11.4mg/g of cell mass) than
those (6.2mg/g of cell mass) of wild type

Mutant type, BpCRI6 has ability to produce (Kotchoni et al., 2008
cellulase efitiently under catabolite repressi
condition

Increase cellulase (Chand et al., 2005

and endoglucanase activity

Mutant strain showed 1.35 fold higher (Dillon et al., 2008
cellulase activity than those of wild type

31



Wild type strain Mutagen Effects References
Penicillium janthinellum EMS Mutant showed enhanced cellulase (Adsul et al., 200y
NCIM 1171 UV rays production ad clearance zone on

Avicel containing agar plate
Acremonium cellulolyticus NTG strain CF2612(mutant) showed higher (Fang et al., 2009
C1 UV rays filter paperase(1718nits/ml) ands-glucosidas

activity
Penicillium janthinellum EMS Mutant showed enhanced clear halo zone (Cheng et al., 2009
JU-A10 UV rays on cellulose containinggar plate
Trichoderma reesei NTG Mutant strain exhibited increased (Jun et al., 2009
Rut G30 UV rays cellulase production, clear halo zone in aga

media and an efficient growth on Avicel plat
Trichoderma reesei UV rays Mutant produced cellulase in medi&ieh had (Ike et al., 201p

ATCC66589

Trichoderma reesei
KCTC6950

proton beam rays

glucose as a sole carbon source

Mutant exhibited enhanced Fpase (165%), (Jung et al., 2012
CMCase ( 1 4dudsidasea318%0) |
compared with the wild type
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Current strategies for development 6 improved cellulase

activity

Currently, there are two strategies which are available for impgovi
the performance of cellulase: 1) Rational design and 2) Directed

evolution.

1) Rational design

Rational designwhich is one ofapproacks of protein emineering
was developed after the introduction of DNA recombination and site
directed mutagenesis technologRational design has three steps

(Percival Zhang et al., 20P6

1) Ideal enzyme selection
2) ldentification of the amino acid sites to be replaced depending
on their structure visualized by computer model

3) Mutant characterization

The achievementof successful rational design needs detailed
information on selected protein structure and relationship between
protein structure and functiofthe choice of the certain site of protein

to be altered to other amino ids requires knowledge of original
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function aswell asexpectedunction when this region will be changed.
Site-directed mutagenesis for point mutation has been used for rational
design. In addition, the modification of secondary structure or whole
domainexchange was also used for rational degRgrcival Zhanget

al., 200§. Even though a lot of enzy@eestructures and their function
were reported, still many enzymes need to be identified yet including
cellulase.This is the reason why sitirected mutagenesis is used
without any conventional rules and ransin a triattesting procedure

recently(Maki et al., 2009

2) Directed evolution

Still limited informationon protein structure and their function have
restricted the use of rational design for improve enzyme activity,
stability andcatalytic properties.n this reason, directed evolution has
emerged as another meth@o develop ideal enzymes because this
strategy does not require any knowledge of enzyme structure or

function.Directed evolubn was achieved biphe followingsteps

1) Target gene selection

2) Induce of random mutagenesis such as gmwone PCR or
DNA shufiling

3) Looking for improved enzyme througippropriate selection or

screening method
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4) Repeat 1) to 3yntil desired gene is developed
Directed evolution was typically started from target gene selection so
called parent geneThis gene is mutated randomly wgi genetic
recombination method such as erppone PCR or DNA shufflingThe
library of candidate gene was used to make proteins which will undergo
selection or screen process to search specific genes having enhanced
properties (Bloom & Arnold, 2009. Thus the develpment of
appropriate screening or selection method that is able to detect
improved genes rapidly is most important step rather than figuring out
detailed knowledgeabout target protein structure and their function.
Mutants that show enhanced performances applied again to next
round of random mutation as parent genes while the mutants not
showing enhanced properties were discarded. Directed evolution have
been extensively used for generation of improebdracteristics of
cellulase including activity, ability, catabolite repression sensitivity
(Percival Zhanget al., 200%. Screening method conventionally used
for improved cellulase gene includearboxymethyl cellulose CMC)
containing agar plate with chromogenic dye such as Congo red, Trypan

blue or chromogenic cellulosic substratiekaki et al., 2009
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3) Genome shuffling

Many industrial strains hauseen improvedy classical mutagenesis so
far and this successful result makestill to be used for development

of performance enhanced industrial strains at presentature, sexual
breeding allows that entire genomes are recombined, but only two
parents are posse to participate this mating. In the mean time, DNA
shuffling for directed evolution induce recombination between multiple
parents per each generation, but this technology are used for only DNA
fragments(Zhang et al., 2002 The development of genome shuffling
has been originated from the experiment which tries to combine both
advantages of classiamating and DNA shuffling together, thereby the
recombination between entire genomes from multiple parents can
reduce the time to get a desired phenotype efficiently.

Zhang et al. (2002) reported that just two rounds of genome shuffling
procesed for 1 year were enough to get the results which were
achieved by classicalandom mutagenesis for 20yeakSS2 strain
undergone two rounds of genome suffling showed 9 fold higher tylosin
production than that of wild type straiSt(eptomyces fradideand this
staus was similar with that of SF2I strain whislasdevelopedafter 10
years of classical strain improvement triasng NTG, UV irradiation

and HNQ.
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Genome shuffling generally wagshievedy threesteps:

1) The development of parent library

2) Repeated tal of protoplast fusion

3) Screening or selection for desired mutant
The construction of parent strains is typically preliminary step for
genome shuffling.Both of quantity and quality of parent strain is
criteria for successful genome shuffling since theement of diversity
of parental strain is the important power for next step which is
recursive protoplast fusion based on parental straiios.construct
parental library, the selected microorganism should be randomly
mutated usinglassical chemical or pkical mutagenClassical strain
improvement is needed for generation of various parental strains.
Basically, protoplast fusion which has been accomplished before 30
years approximately is fundamental technology for genome shuffling.
Protoplast fusion wassed to improve the characteristics of prokaryotic
as well as eukaryotic cells and showed successful results even though
this technique was applied to different species or kingdoms (Hopwood
et al., 1977; lwata et al., 1986; Rassoulzadegan et al., 1982niSatte
1983). Protoplast fusion exhibited a higher gene transfer or
recombination efficiency than those of other genetic transfer technique
such as conjugational transformation of genetic mateffa&tri &
SchmidtDannert, 2004 If the parental strains were prepared as
protoplast types, these cells were undergone next; stepisig, fusion

andregenerabn. Entire steps including the preparation of protoplast to
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regenerationare rgeated until desired strain is developed and
regenerated strains were used as parental strains for next steps of
genome shuffling.Diverse parental strain and recursive protoplast
fusion is the basement tools of genome shuffling for the objective of
strainimprovement.There are some examples using gensimefling

for strain improvement (Tabk.

As mentioned above, genome shuffling has both advantages from
classical breeding and directed evolution such as DNA shuffling.
technique does not need ardetailed knowledge about genome
sequence data, genetic information, protein structure and their function.
Genome shuffling also showed rapid improvement of selected strains
than other classical technologlfurthermore, genome shuffling has
anotheradvantag that shuffled strain is not classified as genetically
modified organism since this technique does not use gene sources
originated from other organisms. Therefore shuffled strain can be used
for food industry such as probiotics for human or animHss is the
reason why genome shufflinggas used for this experiment fahe
developmentof probiotics strain whichcan beused to ruminant

animabk
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Table9. Recent studies on genome shuffling for strain improvement

Wild type strain Mutation method Protoplast fusion type  Results References

to prepare

parent strain
Candida EMS Conventional Mutant showed stronger resistance of sa (Cao et al., 2009
versatilis protoplast fusion higher production of aroma compounds
Bacillus UV irradiation Mutant exhibited enhanced antagonistic (Chen & Chen, 2009
subtilis He-Ne irradiation inactivation fusion activity againstFusarium oxysporurf sp.

Melonisandchemical fungicides

Penicillium EMS Mutant hadenhanced cellulase activity = (Cheng et al., 2009
decumbens UV irradiation inactivation fusion
JU-AL0 N* ion implanting

Clostridium dolis
DSM 15410

Streptomyces
pristinaespiralis

Diasporangiunsp.

Aspergillus niger

Pichia stipitis

NTG

UV irradiation
NTG

UV irradiation

Conventional
protoplast fusion

inactivation fusion

Protoplast fusion
between diffeent strains

Conventional
protoplast fusion

Mutant developed by 4 rounds of shufflin (Otte et al., 2000
exhibited 80% improved 1;Bropandiol
production

Mutant produced 11-fbld pristinamycin  (Xu et al., 2009
than that of the wild type strain

shuffledDiasporangiumsp. showed (zZhao et al., 2009
enhancedrachidonica acid production

Mutart had improved tolerance against  (Bajwa et al., 2010
hardwood spent sulphite liquor
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Wild type strain Mutation method Protoplast fusion type  Results References

to prepare

parent strain
Zygosaccharoytes EMS Conventional Mutant showed stronger resistance of sa (Cao et al., 2010
rouxii protoplast fusion potassium chloride and lithum chloride
Propionibacterium NTG Protoplast Mutant exhibited higher vitamin B12 (Zhang et al., 2010
shermanii EMS inactivation fusion production and up regulateiboflavin

Sporolactobacillus
inulinus
ATCC 15538

Nocardia sp.
ALAA 2000

Aureobasidium
pullulans

UV irradiation

UV irradiation
Diethyl sulfate

EMS
UV irradiation

EMS
UV irradiation

Conventional
protoplast fusion

Conventional
protoplast fusion

Protoplast
inactivation fusion

synthase expression 2D analysis

Mutant had higher acid tolerance and (Zheng et al., 2010
119% higher Blactate production thamat
of original strain

Mutant exhibited @ fold higher ayamycin (ElI-Gendy & E}
production than that of wild type strain  Bondkly, 201}

Mutant showed improved pullulans (Kang et al., 2011
production

40



EXPERIMENT I

Characterization of Cellulolytic and Xylanolytic Enzymes of
Bacillus licheniformis JK7 |solated from the Rumen of a Native

Korean Goat
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I ntroduction

Lignocellulosic materials are the most abundant resource for the
production of renewable bioenergpdfermented productellulosc
materialsneedto be first hydrolyzednto fermentable sugars since they
are not useful intheir polysaccharide form(Li et al., 2009. The
biohydrolysis of cellulose through the use of cellulolytic
microorganisms isan attractive approachsince the degadation of
cellulose by chemical agentproduces environmental pollution
(Rizzatti et al., 2001). Cellulasevhich is produced by fungand
bacteria, can be divided into three major typsdoglucanase (endo
1,4-b-D-glucanase, EC 3.2.1.4), cellobiohyaet (exel,4-b-D-
glucanase, EC 3.2.1.91and b-glucosidase (1:-D-glucosdase EC
3.2.1.21) (Hong et al2001).Endoglucanases randomly hydrolytre
internalb-1,4-glysidic bonds of cellulose chains so that new chain ends
are producedin contrastcellobiohydrolases cleave cellulose chains at
the end to produce cellobiose or glucosd-glucosidase only
hydrolyzescellobiose and releaseglucose unit§Kumar et al, 2008

Percival Zhang et al., 206

Fungal speciehiave been primarily used commercially for cellulase
production because of their cajig to secrete cellulolytic enzymes
into their medium which allowsfor easy purification and extraction

(Maki et al., 2009 Among the cellulolytic fungi,Trichodermaspp
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andAspergillusspp have beerextensively investigated since they can
produce all three types of celluledegrading enzymef/Nang et al.,
2008. However, bacterial cellulases haseveral advantagesirst,
bacteria havéastergrowth rate than fungi and can easily grow to high
cell densites in inexpensive nutrient sourcgMaki et al., 2009
Second, the enzyme expression system of bacteria iscoovenient
Third, bacteriacan not only survive harsh conditions but can also
excrete enzymes thaare stable under extremsonditions of high

temperature and low or high pH.

Several bacterial geneshow cellulolytic activity, including Bacillus,
Clostridium,Cellulomonas RumminococcusilteromonasAcetivibrio,
andBacteriodegRoboson &Chambliss]989). Amongthese Bacillus
species produce a variety of extracellular cellulolytic enzymasillus
licheniformisis a facultativeand a Grampositive endosporéorming
bacterum (Sneath et al., 1986) which is used extensiuelgargescale
commercialenzyme production since it can excrete protém$arge

guantities of up to 2@5g/l (Schallmey et al., 2004).

Many cellulolytic or xylanolyticBacillus specieshave beernisolated
from compost(Archana & Satyanarayana, 19%astogi et al., 2030
milled papeGeetha & Gunasekaran, 2Q16wine wastéLiang et al.,
2009, and hot springgMawadza et al., 2000However, the isolation

of cellulolytic and xylanolytiBacillus sp.from therumenof gods has
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not previously been reporteds the rumen environmentis a strictly
anaerobienvironmentwhich can makat difficult for aerobic bacteria

to survive. In this studythe facultative anaerobicbacteriaBacillus
licheniformis JK7, which can secretendoglucanaseb-glucosidasge

and xylanasewvas isolated fronthe rumen of a nativé&orean goat
Bacillus licheniformidgs expected tagurvive on harsh condition such as
provision of low quality roughage as a sole feed source (Son, 1999).
The objectives of His study were 1) to isolate and identitiie
microorganisnresponsible fodegrading cellulosandxylan, and 2) to
characterize the endoglucanabeglucosidaseand xylanase released

by selectedacillus sp.
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M aterials & M ethods

1) Materials

All chemicals, media components and reagents used in these
experiments were purchased from Sigma (Sigma & Aldrich, St. Louis,
USA) and Difco laboratories (Sparks, USA). AZd-Cellulose
(Megazyme co. Ltd., Ireland) was used as a substrate to screen

celulolytic bacteria.

2) Isolation and screening of celluloseegrading bacteria

The ruminal fluid of goatswas collectecbefore morning feedindpy
rumen fistulas The rumen fluid was diluted with modified Dehority
(MD) medium (Scott and Dehority, 1965)ing 1% CMCas thesde
carbon source andnaerobicallycultured overnight at®@ . The fluid
was then spread onto MD agar plates containing 1%@4& and
anaerobically cultured overnight 80 to screenfor bacteriawith
endoglucanase activityThe colones forming clear zorsewere then
carefully picked and rstreaked oto Azo-CMC agar plate to check for
enzyme activity andsolate single strainsThe strains whichkshowed
consistenendoglucanase activity wett@nsferredo aerobic conditios
and culture in Luria-Bertani (LB) medium overnight a7
Surviving strains which were facultativenaerobiaellulolytic bacteria

were selectedThe isolated strain was analyzed by Gram staining as
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described by Moaledj (1986Fpore formation was examined using

phasecontrast microscopy (Nikon Optiph@t Ja@n).

3) 16s rDNA sequencing for strain identification

A total of 1.5ml of LB culture was centrifuged (10,000g x 1min.) to
obtaina cell pellet for DNA extractionwhich was performedsinga
DNeasy Blood & Tissue Kit (QiagerSeoul, South Korga PCR
amgification of the 16s rDNA gene fragments was performed usiag
universal primers27f (56AGAGTTTGATCMTGGCTCAG39 and
1492R (B®ACGGCTACCTTGTTACGACTTF39. The amplified PCR
product was visualized by gel electrophoresis. The 16s rDNA band
was cut and pified usinga Gel DNA extractionkit (Qiagen,Seoul,
South Koreq The purified PCR product wadkenclonedusingpGEM-

T Easy Vector and transformed inté.coli top10 competent cells
(Promega, USA) as pdahe manufacturess protocol. Plasmids were
isolatad using a plasmiaxtractionkit (Bioneer, Korea)A sequence
similarity search was carried ousingBLAST with the NCBI database

(http://www.ncbi.nim.nih.goy and alignment was carried out using V

NTI (Life Scierce Technology, ColLtd., USA).

4) Biochemical analysis of strain identification
Exponentially growing cells were biochemigalanalyed using the
APl 50 CHB Kit (Biomeriux USA) according tothe manufacturés

instructions.
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5) Growth curve

The culture mdium used in this experiment was liquid LB medium
containing 1% CMC. The seed culture was developed prior to
measuremendf growth phase using same media. The culture media
(200ml) in 500ml shake flasks was inoculated with 1% of seed culture
havng 0.5 of ODgoo value. Aliquots of the bacterial cultures were
taken fromthe growth medium atwo hourintervak, and absorbance
wasmeasureat 600nm.Growth curve were plottedasabsorbance vs.

time. Enzyme activity was also calculatatthe two houintervak.

6) Enzyme assays

Cellulase and xylanasactivities were measured by spectrometric
determination ofeducing sugars bhe 3, 5dinitrosalicylic acid (DNS)
method (Ghose, 1987). Brieflg mixture of the enzyme anda 1%
CMC solution (1:1) was prepared % mM phosphate buffer (pl).
Endoglucanase activity was assay@sing CMC as a substrateh-
glucosidase activity was determined using salicishy@roxymethy
phenytb-D-glucopyranoside) as a substrate and xylanase activity was
determined by measuringd release of xylose from birch wood xylan.
For crude enzyme preparatiddacillus licheniformisIK7 was cultured
in the basal medium(g/l, 2.5 KHPQO,, 2.5 KHPO,, 0.1 NaCl, 0.2
MgSQO,-7H,O, 0.01 FeS@7H,O, 0.007 MnSQO,7H.0, 0.05
CaCb2H,0, 1.0 (NH,).SO, 2.5 yeast extract, 5.0 CMC, 5.0

birchwood xylan at 37  for 24h. The cultures were centrifuged at
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13,000g x 10min at 4 andthe supernatant was used fitre enzyme
assay.The reaction mixture was incubated at 37or 30 min. After
incubation 300 ul of DNS reagent was added and the mixture was
heated to 99 for 5 min in a boiling water bath. The release of
reducing sugawas calculated fronthe OD measured at 54@m. One

unit of enzymatic activity was defined as the amount of enzyme that
released lemol of reducing sugar per minute. All assays were

performedn triplicateand average values are reported

7) Optimum pH and temperature of cellulase and xylanase and
their stability

The @timum pH for crude enzyme preparations was measured in
different buffers (50nM acetate buffer for pH-3, 50mM phosphate
buffer for pH 68) at 37 . The stabilityof theenzyme at different pH
valueswas determined by pfiacubating crude enzyme in various pH
buffer solutions for 4r at 4 (Dong et al.,, 2010)Relative activity

was expressed dise percentage of enzyme activittyatremained after
incubation in comparison to the maximum observed activigaahpH.

To determinghe optimum temperature for cellulolytic and xylanolytic
enzymes crude enzyme preparations were incubated at a range of
temperatures (280 ) in 50 mM phosphate buffer (p&). Thermal
stability was determined by incubating crude enzyme at selected
temperatures (280 ) for one hour. The relative activity was

calculated in comparison to the maximum observed activity at
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respective temperaturdll assays were carried out iniglicate, and

average values are reported

8) Effects ofions and detergents on enzyme activity

The effect of various metal ions and detergents on the activitlyeof
crude enzymereparationsvas investigatedlhe additives used in this
study were5 mM of nine differentmetal ions (CaG] CoCh, KClI,
MnCl,, NiCl,, MgCl,, FeCh, CuCh, ZnCh) and 0.25% detergent
(TritonX-100, Tween20)The reaction mixtures were incubatedth
respectiveadditivesfor 60 min at 37 and pH 6 and enzyme activities
were assayed as described previouBBsidual activity was calculated

as relative (%) value to control. All assays weeeformedn triplicate

9) Statistical analysis

Data fom thecharacterization athe enzymes at ffierent temperatuse
and pHvalueswere analyzed statisticallysing theMIXED procedure

in SAS (SAS, 1996).The effects of enzymes, treatmenénd the
interactiors betweenenzymesand treatments were considered fixed.
Significant differences (p<0.05) imeatment least square means were
reported only if the Tukeyest (SAS, 1996) for treatments walso
significant (p<0.05). The relative enzyme actiws of different
chemical additives were analyzed usitigge GLM procedure (SAS,
1996). Differences betwen treatments were considersignificant if

p<0.05.
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Results & Discussion

1) Isolation and identification of cellulolytic bacteria

The majority of rumen bacteria are anaeroagtherumen maintainan
obligate anaerobicenvironment Representatives ofmany Bacillus
strainsare known to growevenunder anaerobic conditisr{Williams

& Withers, 1983, but therehave beenfew reportsof the isolation of
Bacillus spp. from the rumen ecosystem. In this stutdy) spore
forming facultative microorganisms were screened on LB agarsplate
containing 1% AzeCMC. Of these bacteria JK7 showed maximum
endoglucanase activiylata not shown)This strain was found to be a
facultative, spore forming, Grapositive bacteria The physiological

and biochemical characteristics of this organism are listed in T@ble 1

This bacteria was found to be ablehydrolyze various carbollyates
including L-arabinose galactose fructose mannose U-methytD-
glucoside N-acethylglucosaming D-turanose salicin, cellobiose b-
gentiobioseand Dxylose (Table @), but did not utilize D-arabinose
erythritol, sorbose dulcitol, inositol U-methylD-mannoside Lactose
D, L-arabitol, 2keto-gluconate or 5-keto-gluconate (Tabled). Based
on these resultsJK7 was preliminarily identified as Bacillus
licheniformis Strain JK7 wagound by16S rDNAsequence alignment
to beclosely related to #hBacillus genus with the highest similarity

with Bacillus licheniformisATCC14580 (99%).Therefore this strain
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was identified as @acillus licheniformisand designatedo Bacillus
licheniformis JK7 on the basis of biochemicand morphological

charactestics and 16S rDNA sequences.

Table D. Physiologic and biochemical characteristics of Bacillus

licheniformis JK7

Characteristics result Characteristics result
Gram stain + Esculire +
Spore formation + Salicin +
Glycerol + Celobiose +
Erythritol - Maltose +
D-arabinose - Lactose -
L-arabinose + Melibiose -
Ribose + Sucrose +
D-xylose + Trehalose +
L-xylose - Inuline -
Adonitol - Melezitose -
b-methylD-xylose - D-raffinose -
Galactose + Starch +
Glucose + Glycogen +
Fructose + Xylitol -
Mannose + b-Gentiobiose +
L-sorbose - D-turanose +
Rhamnose + D-lyxose -
Dulcitol - D-tagatose +
Inositol - D-fucose -
Mannitol + L-fucose -
Sorbitol + D-arabitol -
UmethytD-mannoside - L-arabitol -
UmethytD-glucoside + Gluconate +
N-acethylglucosamine + 2-keto-gluconate -
Amygdaline + 5-keto-gluconate -
Arbutine +
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2) Growth curve
The adoglucanase production and cell growth &acillus
licheniformisJK7 was measuredy culturingin a 500ml shake flask

with 100 ml ofLB media containind% CMC at pH6 and 37 (Figure

1).
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Figure 1. Bacterial growth curvé\() and endoglucanase activity )
of Bacillus licheniformisJK7. The cell growth was determined by
measuringthe OD600 of the cell culture. Enzyme activity was
determined using the cuture supernatantsAll experiments were
performed in triplicate The data poirgt and error bar indicate the

average values and standard exror
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The growth phase dacillus licheniformisJK7 startecattime zero Q
hour) and has grown taixteen hows later (6hou). It started faster
than previously studieBacillus sp. (Peixoto et al., 203,1Samiullah et
al., 2009 Yang et al., 1996 The difference is possibigue to different
culture condition and the amount a@hoculums population. The
stationarybegan ahour sixteen which was similar t@notherBacillus
sp. (Peixoto et al., 200)1and Geobacillus thermoleovorar(§Sharma et
al., 2007) Bacterial growthwas maintained up to hout8. The ODyno
values were around 2.1 at the stationary phasd maximum values
reached around 2.3 at hod8. The stationary phase started faster than
seen in the growth curves of thereviously describedBacillus
licheniformis 77-2 (Damiano et al., 20Q3and Bacillus licheniformis
SVDI1(van Dyk et al., 2009and lasted for 3@ours, which was longer
than previously describedBacillus sp.(Samiullah et al., 20Q9and

Bacillus spV1-4 (Yang et al., 1996

Endoglucanase production increased rapidly from IBayy to hourl6,
with a maximum value of 0.68 unft®l at 24 hours and a steady
decrease thereaftefhe increasén enzyme production was associated
with an increase in cell growttwhich indicated that cellulose was
actively utilized byBacillus licheniformisIK7 during the growth phase
Therehave beerseveralpreviousstudieson endoglucanase production
which reportedsimilar patters as our resultgAriffin et al., 2008 Ko et

al., 2Ql1, Rastogi et al., 2010Saratale & Oh, 2011 For example,
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Rastogi et al. (2010)showed that Bacillus sp. DUSELR13 had

maximum CMCase activity (0.1&hits/ml) at day 9 when the culture
had reachedhe dying phase.The Geobacillusstrain WSUCF1 also
produced maximum CMCase activity (OWdts/ml) on day 7 at the
end of stationary phag®astogi et al., 2090 Saratale and Oh (2011)
reported that the decrease in cellulolytic enzyme productiotheat
stationary phase was caused by metabolite repressiomolecules

released after the hydgalissuch aglucose or cellobiose.

3) Effect of temperature on endoglucanaseb-glucosidase and
xylanase activity and stability

The effect of temperature on endoglucanabgglucosidase and

xylanase activity of the crude enzyme was determimegr a
temperatures range of 20 to 80at pH 6.0 (Figure 2(A)). At all
temperaturg endoglucanase actiyitvas higher than tht of eitherb-

glucosidasenr xylanase.ln the present studythe ¥lanase activity of
Bacillus licheniformisJK7 was lower than those reged by others at
all temperature According to van Dyk et al. (2009, Bacillus

licheniformis SVD1 predominantly produced xylanasand showed
minimal production of mannanase, CMCase amdcelase. Tis

difference might be due tdifferences inculture conditios (Geetha
and Gunasekaran, 2010; Saratale and Oh, 20H?).Dyk et al. (2009)
also used complex media containing 1% xylamhich could induce

increasedylanase production.
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The optimum temperature for Bacillus licheniformis JK7
endoglucanasactivity was 70 , at whichactivity was 0.73Jnits/ml.
Activity increased linearlyvith increagd temperature up to 70, and
declined thereafterThe previously describedBacillus sp. CH43
(Mawadza et al., 20Q00showed a similar optimal temperaturéor
endoglcucanase. lother studyBacillus DUSELR13(Rastogi et al.,
2009 also shaved maximum endoglucanase activity at 78However,

in that studyendoglucanase activity was very low at low temperature
(2040 ). In comparison, Bacillus licheniformis JK7 shoved
endoglucanase activity dtroad range of temperatgren our study
Thermophilic cellulose degrading enzymes hgueat potentiafor the
biofuel, leather, textile, food and agriculture industry since high
temperatureareoften required in these proces¢Bsstogi et al., 2009

Trivedi et al., 2011

Bacillus licheniformis JK7 s howe d m a-glucosidarze abd
xylanase activity (0.63Jnits/ml, 0.44 Units/ml respectively at 50
(Figure 2(A)). This is similar to that of Bacillus licheniformis
KCTC1918(Choi et al., 2009 which hada r optimal temperaturef
47 . The optimum temperature of varioBacillus sp. xylanasghave
also been reported in the literature with similar resu#gchana &
Satyanarayana, 199Ko et al., 2010Ko et al., 2011Yang et al., 1995

Yin et al., 2010.
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The thermestability of endoglucanaseh-glucosidase, and xylanase
was assessed at selected temperatures ranging fr@&® 2@s shown
Figure 2(B).The relative activity was calculated as te&ative enzyme
activity compared tahe maximum value observeacross the range of
temperaturesAll three enzymes were stable at a range from 20 to0.50
At 50 , endoglucansd)-glucosidase and xylanase had 90.29, 94.80,
and 88.69% residual activity, respectiveldowever, the residual
activity of endoglucansé-glucosidase and xylanase decliradigher
than 50 . In the case of endoglucanase, maximum activity was
observed at 70, but it maintained 44.68% residual activity aftere

hourof pre-incubation.

(A)

: Enzyme effect : p <0.01
} Temp. effect : p < 0.01
| Enzyme * Temp. interaction : p <0.01

Endoglucanase

=55 B-glucosidase
E=xylanase

Enzyme activity(Units/ml)

TS ~

- \J
50 60
temperature(°C)
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(D)
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Figure 2.Temperature and pH effects on endoglucanaggcosidase
and xylanase dBacillus licheniformisIK7 activity (A and Candtheir
stability (B and D). Enzyme activity of theulture supernatantwas
determinedat 24 hours All assays were performed in triplicatd he
data poins and error ba indicate the average values and staddar
errors.
abeded jndicates a significantly (p < 0.08)fferent activity influenced
by temperature or pH in the same enzyme group.

*¥Z indicates a significantly (p < 0.0%jifferent activity between

different enzymes within same temperatureldr p

1 NS means not significant
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4) Effect of pH on endoglucanaseb-glucosidase and xylanase
activity and stability

The effect of pH on enzyme activity was investigated at various pH
levels rangng from a pH of 3.0 to 80 as shown Figure 2(C). The
optimal pH for all threeenzymes ws 5.0 and their activityat that pH

was 1.46, 1.10 and 1.0&nits/ml, respectively. Endoglcucanase
retained 39% and 46% of its maximum activity across the pH range of
4.0 to 6.0 and-glucosidase retained more than 45% residagabity in

the same range. Xylanase maintained 41% and 34% of its maximum
activity between pHLO and 60. This is consistent witlBishoff et al.
(2007) who reported acloned glycoside hydrolase family 5
endoglucanase gene fronBacillus licheniformis B-41361 had
maximum endoglucanase activity at pH5.5. The optimum pH of
xylanase in the multi enzyme complexBdicillus licheniformisSVD1

was also 3 (van Dyk et al., 200).

Many industrial cellulas@roducing systemseed to use extreme pH
conditiors to reduce contamination by other bactefizong et al.,
2010. Since these processes often require acidophilic enzymes to
degradefiber efficiently under low pH conditias) the relatively high
acidophilic nature ofthe enzyme examinedin this study might be
consideredeneficialfor industrial applicationAll three enzymes were
strongly inhibited at pH’.0-8.0. Figure 2(D)showsthe pattern of pH

stability of selected enzymeRelative activity was calculateds the
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percentage of the maximum observed activity for each enzyme.
Endoglucanasdh-glucosidase and xylanase activities were found to be
stable in the pH range of 3 to 6. They maintained more than 58% of
their maximum activity at selected pH after four houripibation at

4 . At pH 7 and 8, relative enzyme activity of all three enggm
dramatically declined, with remaining endoglucanasglucosidase
and xylanase activity ainly 23, 30and29% of their maximum activity,

respectively.

5) Effects of various chemicad on endoglucanaseh-glucosidase and
Xylanase activity

The effecs of variouschemicals on endoglcucanabgglucosidase, and
xylanase were investigated by the DNS assay metindle enzyme
was incubated foone hour with 5mM of each of thanetal ionsand
0.25% of TritonX-100 and Tween20 before determinitige residual
activity of the three enzymesResidual activity was expressed the
relative amount (%xomparedto control (100%). Understanding the
effect of various metal ions and reagents on enzyme activity is
important since many industrial applicatiomeed to incease enzyme
activity, which is often accomplishday addition of chemical additives
at various stages of the procds&®ong et al., 2010 The ngjority of
Bacillus spp.which produes cellulase showedesponses ranginfrom
stimulation to inhibition depending on the specific cation

(Christakopoulos et al., 1999).
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Endoglucanase

B B-glucosidase
E= Xylanase

Residual activity (%)

Control Ca Co K .\n Ni Mg Fe Cu Zn Triton Tween20
Additives

50

Figure 3. Effect of chemical additives on endoglucanasgicosidase,
xylanase activity oBacillus licheniformisJK7. Residual activity was
calculatedas relative (%)activity considering control as 100%ll
assays were performed in triplicatdhe data poirst and error bay
indicate the average values and standardserror

abcdef

indicates a significantly (p < 0.0%)ifferent enzyme activity

compared to control

In this study,endoglucanase activity was stimulated by by 113%
over control Glycosil hydrolase family 5GH5) endoglucanase from
Martelella mediterranegDong et al., 2010was previously repoet to
show increased relative activity wher Was added. Kmaystimulate

enzyme activitypy alteiing the structure of the enzyme itséui et al.,
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2009. On the other handshe enzymeactivity was inhibited byC&”,
Co?’, Mn?*, Ni¥*, Mg®, F&', CcU*, zr?*, and TritonX100 In
particular, Mn?** and F&* both strongly inhibited endoglucanase
activity (2.18and 19.0%, respectivelyJhe strongnhibitory effect of
Mn®* on endoglucanase activity consistent with previous reports of
Bacillus amyloliqguefaciens DB and Bacillus flexus(Lee et al., 2008
Trivedi et al., 201} An inhibitory effect m enzyme activity by metal
ions usually suggests the presence stilfhydryl group in the active
site where oxidation by the metal ions destabilizes the conformational

folding of the enzymes (Karnchanatat et al., 2007).

In present studythe relative activities ofb-glucosidase with 5mM
cd*, Cd, K, Mn*, Ni#*, Mg*, F&*, cu*, zr®*, and 0.25% of
TritonX-100 and tween20were 99, 90, 130-33, 90, 96-19, 60, 111,
91 and 12(%, respectively. Detergents such as tweem2@e been
implicated inaltering the conformational or structural characteristics of
selected enzymeg®ajaj et al., 200p Xylanase was not influenced by
selected chemical additivesith the exception oMn?* andCu**. The
strong inhibition of Mrf* on the xylanase activity oBacillus species
was alsoreported ina previous study (Mamo et al., 200G)he slight
stimulatory effect of K and the inhibition of the xylanase enzyme
activity of Bacillus licheniformisby tritonX-100is alsosimilar to what

wasobsenedby Archana et al. (2003).
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EXPERIMENT I

Genome Shuffling to Improve b-1, 4EndoglucanaseActivity of

Bacillus licheniformis JK7
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Introduction

Microorganisns have been receiving strong interests from many
biotechnologists due to their capabilitpf producing various
compounds which are beneficial for humampge. Primary metabolites,
second metabolites, antibiotics and various enzymes produced by
microorganism have been applied at industrial scale. Strain
improvement of microorganism @erequisiteprocess for applying to
industrial production since all mimorganisms which have been used
for industry recently havesome limitations for production of ideal

materials.

Many industrial strains havseen improved by classical mutagenesis so
far and this successful result makestill to be used for development

of performance enhanced industrial strains at pre@@ong et al.,
2009. However, these methods require a lot of manpower, time as well
as repeated rounds of same experiment to pick desirable srams.
development of genome shuffling has been originated from the
experiment whichried to combine both advantages of classicating

and DNA shuffling togetheand thereforeghe recombinatioramong
entire genomes from multiple parents can reduce the time to get a

desired phenotype efficiently.
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After development of genome shuffling, many kinds of strains were
improved using this ethod for a lot of different purposes (Table 4 in
Chapter I) but onlya few studies(Cheng et al., 2009) genome shuffling
in enhancingcelluloseactivity. The objective of this experiment was to
evaluate the effect of genome shuffling on cellulase proaluotif

Bacillus licheniformisJK7 isolated from Korean native géatumen.
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Materials & Methods

1) Strains and materials

Facultative bacteria, Bacillus licheniformis JK7 which has
endoglucanase activity wasolatedfrom Korea native go& rumen
and used as the wild type (WT) strain. All chemicals, media
components, reagenmt lysozyme and mutanolysin used in this
experiment were purchased from Sigaidrich (Electrophoresis grade,
ACS reagents, Ultrapuregnd Difco laboratories (SparksS4). Azo
CM-Cellulose (Megazyme co. Ltd., Ireland) was used as a substrate to
screen cellulolytic bacteria. Pharmalyte(pH3-80) was from
Amersham Biosciences and IPG DryStrips(pE8NL, 24cm) were
Genomine Inc. Modified porcine trypsin(sequencing grada3 wwom

Promega.

2) The composition of media and solutions for genome shuffling
Penassay broth (PAB) containing 1% of CMC (10g of peptone, 1.5g of
yeast extract, 1.5g of beef extract, 3.5g of NaCl, 10g of CMC, 1.32g of
KH,PO, and 3.68g of KHPO, in lliter distilled water adjusted pH 7.0)

was usedasbasal media.

Regeneration media (RM, 5g of glucose, 59 of casein acid hydrolysate,
3.5g of KHPQO, 1.1.5g of KHPQ, 1.99g of MgC}, 0.1g of L

tryptophan, 250ml of 2M sodium succinate, 15g of polyvinyl
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pyrrolidone and 12g of agar in 1liter distilled watéAkamatsu &
Sekiguchi, 198%was used for genome shuffling basically. RM1 media
containingl% of glucose, 0.8% of CMC and 0.2% of AZMC were
used while 5g glucose was used for'lgenome shuffling to isolate
strains having higher endoglucanase actiiRiM2 media had 2% of
glucose and RM3 media had 3% of glucose as well as 1% of cellobiose
SMM solution (0.5M sucrose, 0.02M maleic acid and 0.02M MyClI
and PEG solution (40g of Polyethylene glycol 6000 in 100ml of SMM

solution) were used for protoplassfan.

3) Mutagenesis

UV irradiationmethod was used for development of first mutant strains.
Uncovered PAB agar platdsaving wild type strain were irradiated
under UV lamp (20W, 250nm, Sankei Co. Ltd. Japan) at the distance of
30cm for 15min and incubatefor 2 days at 37C. The survived
colonies were isolatednd analyzel for enzymeactivity. The strains
showing higher endoglucanase production were selected as parental

strains for genome shuffling.

4) Protoplast formation

Parental colonies were inoctdal and cultured at 37C overnightin
10ml of PAB in a 150ml shake flaskSeed culture was inoculated in
40ml of PAB ina250ml shake flask repeatedly and incubated until OD

value of 0.5. Then, cells were harvested by centrifuge for 4000g
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10min at 4C. Pellets were suspendad 4ml of SMM solution
containng lysozyme and mutanolysirfRomero et al., 20Q06and
incubated for 30min at 3T on a roary shaker 100rpniThe presence

of protoplasts was confirmed by light microscopy. Then protoplasts
were carefully centrifugedt 3000gfor 5min at 4C and washed twice

with SMM solution

5) Genome shuffling

Protoplast fusionwas performed as suggestegirevious studyWang

et al., 2007. Protoplast suspensions from different strains were mixed
and divided into two part©ne part was inactivated with heat a0

for 60 min.and the other was irradiated with UV for 20min. Differently
treated protoplasts were mixed again in a ratio of 1:1, harvested by
centrifugation and rsuspendedn 1ml of PEG6000 solution. After
incubation at 37C for 30min with PEG solution, the fusedfoplasts
were washed with 1ml of SMM solution twidénally fused protoplast
was diluted serially and spread on RM1 plate for 3days 4€.37he
strains which showed improved endoglucanase activity were obtained
and named GSIwhichwere applied for % round of genome shuffling

by repeated protoplast fusion as mentioned above using RM2. RM3

media was also used for next rounds of protoplast fusion.
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6) Randomly amplified polymorphic DNA (RAPD) PCR

A total of 1.5ml of the PAB culture was centrifuged (Mg x 1min.)

to obtain the cell pellet for DNA extraction using DNeasy Blood &
Tissue Kit (Qiagen, Seoul, South Koreaeach DNA from selected
strains was extracted according to the manufacturer instru&®iRD
amplification wasconducted using PCR pmixture (Bioneer Co. Ltd.
Korea) with k| of primer. PCR wascarried out with following
condition an initial denaturation phase at BC for 4min, followed by
45 cycles ofdenaturation af4 UC for 30se¢ annealing at 3&C for
30se¢ andextension a72 (C for2mi n, and a fi nal ext el
for 8 min. The amplified PCR product was visualized by gel
electrophoresisising 1.5% agarose gels wHTBR in 0.5% TBE buffer

The oligo primers used in this experimantlisted in Table 1.
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Tablel1. Oligo-primers used for RAPD PCR

Name Sequence GC contents(% Tm( )
Bl 5' TACAACGAGG 3' 50.0 30.0
B2 5 TGGATTGGTC 3' 50.0 30.0
B3 5" TCGGTCATAG 3 50.0 30.0
B4 5' TACCTAAGCG 3' 50.0 30.0
B5 5' GATCATAGCG 3 50.0 30.0
B6 5'AACGCGTAGA 3' 50.0 30.0
B7 5' TACGATGACG 3 50.0 30.0
B8 5 TAGAGACTCC 3' 50.0 30.0
B9 5' CACATGCTTC 3 50.0 30.0

7) Growth curve

The culture medium used in this experiment was PAB containing 1% of
CMC. An aliquot of bacterial cultures were taken from growth medium
at an interval of 2lv and absorbance was taken at 600nm. The growth
curve was plotted with absorbance vs. time and enzyme activity was

also calculated at an interval ofr2h

8) Enzyme assays

The endoglucanase activity was measured by spectrometric
determination b reducing sugars by DNS methd&hose, 198y
Briefly, the mixture of enzyme and 1% CMC solution (1:1) was
prepared in 50mM phosphate buffer (pH6). Endoglucanase activity was
assayed with CMC as a substrdter crude enzyme preparation, WT
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and genome shuffledtrains were cultured in PABt 37  for 16h.

The cultures were centrifuged at 13,006 10min at 4 and
supernatant wasubjected teenzyme assaylhe reaction mixture was
incubated at 37 for 30 min. After incubation 300ul of DNS reagent
was added anthe mixture was heated to 99for 5 min in a boiling
water bath. The release of reducing sugar was calculated from OD
measured at 546nm. One unit erizyre activity was defined as the
amount of enzyme that released 1umol of reducing sugar per minute.

All the assays were performed in triplicates.

9) Optimum pH and temperature of cellulase and xylanase, and

their stability

Optimum pH of crude enzyme preparations was measured in different
buffers (50mM acetate buffer for pH5 50mM phosphate buffer for

pH 6-8) at 37 . The enzyme stability at different pH was determined
by preincubating crude enzyme in various pH buffer solutions for 4h at
4 (Dong et al., 2010 The relative activity was expressed as
percentage of enzyme activitemained after incubation in comparison

to the maximum observed activity at respective pH. To deterrhme t
optimum temperature for cellulolytic and xylanolytic enzymes crude
enzyme preparations were incubated at a range of temperatures (10
80 ) in 50mM phosphate buffer (pH6). The thermal stability was
determined by incubating the crude enzyme at selected temperatures

(10-80 ) for 1hour.The relative activity was calculated in comparison
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to the maximum observed activity at respective temperailirassg’s

were carried out in triplicates.

10) Statistical analysis

The data for characterization of enzymes at different temperature and
pH were analyzed statistically by MIXED procedure of SE&R\S,
1996). The effects of enzymes, treatments and enzynesaiments
interaction were considered fixedireatment least square means
showing significant differences at the probability level of p<0.05 were
reported only if the Tukejest (SAS, 1996) for treatments was
significant (p<0.05). The data for enzyme activityf different strains
were analyzed using GLM procedure (SAS, 1996jgnificant

difference between treatments were considered at p<0.05.
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Results& Discussion

1) Development of parent strains for protoplasts fusion

Success of genome shufflingquires the diversity of parent strains at
the starting point (Patnaik et al., 2002). Therefore, lddiation
method was usetb securdirst mutant strainsThe enzyme production

of wild type and mutant stirass were illustrated on Figure WV3, UV9,
UV33 and UV50 exhibited 0.76, 0.65, 0.78 and 0.78 Units/ml of
endoglucanase respectively, which were higher than that of WT (0.60

Units/ml), were selected for parent strains for genome shuffling.

Activity (Units/ml)

=
=
=

=3
=3
=3

<
=
=

WT Uvi Uve  UV33  UViD  GSI-3 GSI-II GSI-19 GS2-4 G829 GS2-18 G838 GS3-20

Figure 4 Improvement of endoglucanase production by UMation

and genomshuffling.
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2) Genome shuffling ofBacillus licheniformis JK7

Four mutant strains (UV3, UV9, UV33 and UV50) wegnecessed to
form protoplasts and then inactivated using UV irradiation or heat
treatment.The inactivation was used in thixperiment since starting
strain might not be survived after inactivation treatment (Wang et al.,
2007; Cheng et al., 2009). If the differently inactivated mutants could
survive, they have to be fused each other at the protoplast condition.
GS13, GS111 and GS119 strains were picked after the first round of
genome shuffling.All three strainsexhibited higher endoglucanase
activity (0.85, 0.92 and 0.87 units/ml respectively) than WT and
parental strains. GS1 strains were selected and used for stawmding str
for next round of genome shufflinghe three isolates at second round
of genome shuffling, GS2, GS29 and GS28 showed
endoglucanase activities of 1.18, 1.13 and L&ilis/ml respectively
(Figure 4) which were significantly higher (p<0.05) coarpd to WT,

UV irradiated strains and GS1 strains.

Finally, GS38 and GS20together wih GS218 were selected as final
candidate isolateafter three rounds d$huffling. Cellulase producing
fungi have repression of cellulase production by end protket
glucose commonly (Chandra et al., 200€@heng et al (2009) also
demonstrated that the regeneration media having more glucose has
good potential to improve cellulase production by searching shuffled

strains which have more resistance to glucose rsipresProper
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amount of gucoseand cellobiosevas addedo RM to find catabolite
repression resistant strains at each generation of shuffling and this
media gave good contribution tbe improvanent of endoglucanase

production.

3) Growth curve and enzyne production of WT and genome
shuffled strains

The growth curve and endoglucanase activilgs checkecdat each
incubation time pointThe growth phases of all strains started at O hr
and have grown to 12 hrs. The stationary phases began at 12 hrs. The
interesting finding was that genome shuffled strains shovestier
growth than WT strain after 4 hrgpuo final incubation (Figure)5
Endoglucanasactivity increased rapidly frorhr 6 up to hrl6, with a
maximum activity at 16 hrs. The increasen enzyme poduction was
associated with an increase in cell growtkhich indicated that
cellulose was actively utilized Byacillus licheniformisIK7 during the
growth phase.In consistent with growth data, endoglucanase
productions of shuffled strains were alsoh@gthan that of WT from 8

hrs to 16 hrsncubation(Figure 6).
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Figure5. Time courses growth curve of WT, G388, GS38 and GS3

20 strains

Figure 6 Time courses endoglucanase production of WT, -GH2

GS38 and GS20 strains
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