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Abstract

Vanillin (4ydroxyBmethoxybenzalddd)yis one of theost employed aromatic and
flavoring addiésin food and cosmetic industrgindustriainterest in vanilloould also

apply to its biodegradation productsiiditedial transformatiorvanfillin canpen ta

possibility of ngwoductsvith newraas of applicationdorductselated to vanillin. For
example,vanillyl alcohol, vagillacid and ferulic acid awerentlyused in the
pharmaceutical or food industry. Some species repodedradebvanillin into the
related produatanillyl alcohol and vanillic acidBeattanomyces ananddascharomyces
cerevisiaddoreover, certain microorganisms possess the ability to accumbkte lipids
cultivated odifferent carbon souropening the ggibility of microbial liprdduction as
anotheinndustrialapplicationThe presenhvestigation focuses on the @itonizof
extraction methodsVanillin biodegradation products, as idetfitdginghe isolates af
collectiorof microorganisnoriginating from the Edslandhatareamenable to being
cultivatedn a lignibased mediginallythepotentialor microbidipid accumulatiaras

also studied Two analytical methodsinLayer @Gromabdgraphy (TLC) and Gas
Chromatograph{GC) were employedrfaharaerizing the biodegradatwaducts

obtained after 24 hours and 72 hours of culture in growth medium supplemented with 1 m
of vanillinThe results showed that after 24 hours of intchbatiodel microorganism
strainFMYDO002Zhad consumed some ofahilinand transformed it into biodegradation
products TLC retention factors ar@dC chromatogramsevealed that themain
biodegradatigmmoductafter 24 hourswhen compared to a stardlgstikely to be to

vanillyl alcohol. Furthermore, vamlith its bdegradatioproducts were relatively
temperaturstable based on a temperature test of supernatant-timm cul#e,

however, when thel¥@ur culture had been subjected to the highest temperature (60 °C)
some spontaneous decompastitmned The biodegradation pattern of theuf2
cultureevidenced by Tlt€vealed twadditionabiodegradation products, one of which
migrates in a similar fashivartidlic acidifter 72 hoursfincubatigrthe biodegradation

product presumed toviaeillyl alcohol was no longeerved. Acidification tests showed

that the best route for extradtidghe product believed tedellyl alcohol isadjusthe
extractedample to a pii9. The cultivatiotestof theisolates imedia preparém

different lignibase residual products showed thatu6of 60 initialstrains grew
regardless of th@ncentratioof lignosuhates and vanillMoreoverl?7 straingrew in
nitrogedimited mediumBght of the straingccumulale lipids A prelminary
categorization of isolates based on their colony morphology and capacity of growth
different substrates showed that to some extent, their morphology can predict the ability
grow on lignirand vanillibased media. This could help fututistsciereasily screen for

and select isolates imtégrestingctivityfor the lignaeellulose industry.

Keywords: yeast,vanillin biodegradation, vanillyl @lcdtninlayer chromatography,
ligninbased substrates, microbial lipid accumulation.
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1 Introduction

Thedemand for industrial applications of lignocellulofiee aas@ of paper
manufacturingiofuel¢Deeba, Pruthi, & Neg@l6)and animal fe@dalherbe

& Cloet, 2002, has increased in st decades. Howeeerrentprocessing
techniques folignaellulose piteeatments lead tearious environmental
problemssuch athe extensivese of chemicals and energy, as well as
generation obnsiderable volumes of waste p{&duntsrson, 2011)

Ligninstrong bonds present ithe polymer ainsthat surroundellulosend
hemicellulosmicrofibrilsand creates strong bonds, wiakk it difficult for

industrial processes to extract the variety of sugars residing in lignocellulose
(Sanderson, 2011)

Chemical compositminthe lignocelluédiffers greatlyp differenplantsbased
ongenetic factaiigalherbe & Cloete, 20Gfbwever,n spite of the fact of these
variationsthe fundamental constitutalignocellulogemains similar and is
divided ito three organic compounds nacedliylosehemicellulosend lignin.

Lignin factions are difficult to separate ancdbhstaafe for obtainitsgresiding
aromatic monomers. This is dhe tmmplex crdsked plymer structure that
ligninpresentCurrently, the greatest poeds of lignin (as gbyduct) are the

pulp and paper mills manufactories, generating around 40 to 50 million tons per
year Zakeskiet al. 2010). From this amount, only 2% is employed for
manufacturing processes and the rest is distédmaedd mbi for production

of energy.

Different studi€blealy 1979;Mathews2015;Vyas 1989 have demonstrated
thatthebiological degradation of lignocelisiladeetter approach for recovering
thesimple aromatic compounds.c@hibe dontor exampleby biadegrading

fungi such ashe white rotgroup offungj e.g. Phanerochaete chrysosporium
(Malherbe & Cl@e2002 or thebrown rogroup ofungj e.g.Coniophora puteana

(Lupoj Singh Parthasarati®immons& Henry2019. For this reason, these

strais havebeen used for industrial waste treatmettieaptbduction of
lignocellulosgegrading enzymékhougtthese fungire not very active under
commonconditionssuch as high pH or high lignin concentriatrtres
investigation could léadan efficient biological treatment pf{boess et al,

2015. Similar studies show that the pulp and paper mill factories could have a
potential future, similar to that of refinkaem{ & Kamr2004). Biorefineries

could take the advantages afdiighasic streams in which microorganisms that

are capable of surviving a wide range of pH could degrade lignocellulose, thereby
producing a large number of products.



In the case of vanillin biodegradatien, noicroorgegsms such as the fungal
speciedPaecilomyces vaaindiiPestalotia palmafRahouti, Seigiéurandi,
Steinman & Eriksson, 1989) are capable of totallyingawnafolim into
biodegradation produgtmillic acid, vanillyl alcohol and methoxyhydroquinone
after 24 hours iotubatianin the same fashion, other shalieseported that
strains of thmacteri&lebsiella pneunfidishikawa, Sutcliffe & Saddler, 1988) and
Rhodococcus (G$tdn et al, 201&gre able to biodegradeillin into vanillyl
alcohol and Wéiniacidrespectively.

1.1 Rationale

Today most of thedustrial production dfiofuelsfood and flavahemical

additives and different polymer syi(tesisis, plastic and adhesvieased on
byproducts of the petrochemical indasttyitcome from nofrenewable
sourcessuchas crops and agricultural Samsljust al. 2013). This behaviour
leaveaside othevidelypotentiabubproducts from pulp and wood manufactories
(Ottinger 2007).0ne example of this type of product is lignsubBtesice is
produced in large quantities during paper manufactory processes, but its potential is
reduced tds singleuse as a souofeenergyMathews201%. This dravack

gemsfrom the complex chemical structure of lignin. As mentioned at the outset,
the technique for decomposing this type of Sabstasoapldecause there is

no straigifbrward chemical reaction thatdwiahsform lignin into a other
compourgfor futher useHowever, microorganisms havebeféegna source of
different enmyes that can catalyze chemical reattion®thare, wouldhot
happerfLewis & Yamamptt99(). That is why microbiological solutions are
considered.

In spite of the falb&t microbial degradation of pulp waste material would mean a
great advancementhm production afomatic monomers, little information is
found in the case of vaasliproducftormed by theseeansor of the products

formed through the bioddafran of vanillin

Exploration of microbial degradation of aromatic menomassvanilloan be
done by isolatimglividual microbial strains capatsensformmgit into other
aromatic monomerBy enployig microorganism populations to cplanti
aromatic substances the possibility to skal@ropesses to biodegrame
complex structures such as gigniopen up This is why vanillin, whicimis a
aromatic monomer, is taken as a model saltb@boedegradation studies



1.2 Purpose

The overallobjective ofhe research projextto optimizethe productiorof
biodegradation product believedvamitlyl alcohaduring théiodegradation of
vanillin(J. Rénnander &. Wright, personal communication, Ap20387)
Certairparameters must be taken into consideuahaossH (adjusting pH after

yeast culturendextractiomemperaturen order to obtain as maicthe sought
biodegradation prodastpossibl&hat is why this study focuses on determining
the optimum pahd temperature during extraction to obtain the best output of this
metabolite. ¥ploration of viability of isolatdsvatedn different ligninased

residual products from pulp and paper mill industries imageshgated.
Successful growih thee media could mean further production (by
biodegradation) of valuable aromatic compounds. Finally, examination of the strains
cultured in a nitrogemited mediumvastested in order to observe lipid
accumulation in the cells.

1.3 Objectives

To establisthe conditions of pH and temperature during extraction that are
conducive to the stability of the vhrtiegradaticompounds.

To studycandidate compounds during vanillin biodegtadatieans of thin
layer chromatognggaTLC) and gas chrografuhy, and study the sequence of
events leadingbiodegradation compounds.

To determine whichtlidyeastfrom the selected isolategshe most suitable for
growng on aligninbasednedium and conclutie influence on this growing
condition and the strains possible ability of lipid accumulation.



2 Theory

2.1  Thin -layer Chromatography (TLC)

Thin layer cbmatographig a separation techniquegdalitative analysis of
mixtures. Due to its simplicity, low cost and speed of separation, TLC can monitor
the progress of a reactlmn purity of a sammiehe number of components in a
mixture [rishHessA. 2007).In tis techniqulee stationaphaseonsists dfin

glica coated slabedther aluminum, plastic or glass support at the back of the slab.
The principle of this method ishbatapillary effect of the slab allows the mobile
(eluent) to migrate upwandbe stationary ph@sain-Deinstrop2009. Every
compound hasfeliént affinities or polaritiest will affedhe migration speed

and separates the compoakigaselA shows TLC schematics in which the layer
slab is placed inside a chafnbelution of compouadalyedapplied ontine

TLC slaland dried before placimgtat the eluent. A mixture of mgibiksand

the compounds migratiesmg the slab, leavimg compounds in more or less
separatespotsat different heigliiagurelB). Howeveran apparesinglespot

does not mean that the studied sample is totallyofhee suibtanceaybe
presentThis is why TLC should be complemented with other characterization
techniques such as gas chromatography or nuclear magnetic resonance.

Separation times areseein 40 minutes 1 and half hour. It is advisable to stop
theelutionprocess before the mobile phase reaches the top of the TLC slab. Once
the separation is reached, the Tiw@atbgrans ready to be studieder UV

light.

2.1.1 Retention factor (R)

Once the phase separation process is complete,cotipaualappear at

different distances marked as spot throughout the migrating column. This distance is
a signature of every compound foundsamipléHankDeinstrop200§. For

example, legolar compounds would migraténefu upwards while polar
compounds wo polardsilicalabthusredkioing theomigtating speed.

This phenomenon is called retention facdod(€an be expressed as the distance
traveled by the sample dwerdistance traveled by the eluent (solvent front).
Equation 1 shows the mentioned expression.

v O0XE CRA AN CH R
27 TOiRA RGBT O

EQUATION 1
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FIGUREL SCHEMATIC OAHIN-LAYERCHROMATOGRAPHYA SILICACOATED SLABPLACED INSIDE
A CHROMATOGRAPH CHERER CONTAINING A MQE PHASE O4:5.1(TOLUENEETHYL ACETAF
FORMIC ACID REPRESENTATION OF TEEPILLARITEFFEC$OF THE MOBILE PHASEN THE SLAB
(A). MIGRATION OF THE MQHE ALONG THESTATIONARYPHASE GIVES AS A RESUTLHE
SEPARATION GBHHODEGRADATION PRODUS FORED DURING VANILLINEGRADATIONB).

2.2 Gas chromatography (GC)

This characterization techradjogs the analysis derdiit compounds by
vaporizing themvjthoutdestroyinthem. The analyte can be eithargas, liquid

or solid Once the compound in question is injected into the edquipment, i
vaporized arichctioned between a mobile and a stationary phase. Some of the
fractioned compoumdl travéthrough a colupraccompanieddyinert carrier

gas (mobile phase), while others attach to the statioridrig plidseence in
displaement createarying detection times for all the fractioned compounds in the
initial sample. A graplgpresentation (chromatggolthe detector response as

a function of elution timiaésoutput of tlamalysis.

2.2.1 Retention time (tg)

As mentionedqultiple substances in the initial sampleatireraletectoat
different times. These time variations are refersecktention tiség). A
chromatograhows as a result several peaks, easiregpending to one
compound that has traveled specifitz. From this point gafive and
quantitative anabysaie carried au¥leasuring the width of a peak at the half of

the peak maximuin) and multiplying this value blyigfeof thpeak, giwthe
2

specific area of the analyzed @eakparison of aredspeakdelps the
determiningatio of compounds #retoncemation othe initial sample.

11



2.3 Lilly & Barnet  t culture medium T LiB a medium

Lilly and Barngtl951) studied the carbon nutritidnphysiology of different
fungastrains, reachitige conclusion that structural variation ofczartzoming
compounds may affect the way in which fungi utilize théine, pereneability

of the cell wall atlde presence or absence of specific enzymes. Based on this
conclusion, ehresearchers developed a digjtilemedium containintb g

glucose, 0.5 g asparagine, 0.25 g ¥M@3®0, 0.75 g KHPQ, 0.01 g biotin

and 25 mg thiamper 500 ml distilled watermprove culturing of fungi.

2.4  Selected aromatic monomers that are  part of the
lignin molecule

Theoretically, theomplex structuref lignincouldyield a high quantity of
aromatic monometdsowever this investigation focuses on the relationship of
threeof themvanillin, vanillyl alcohol and vanillic acid.

2.4.1 Vanillin (VA)

4-hydroxy3-methoxybenzaldehyde; otherwise known as (Wayuten 2)js

known as the most widslyd flavoring agenthe world. Natural vanillin can be
extracted from three different oramgaisely/anilla planifolManilla tahitiensis

ard Vanilla pompovanillin has wide range of applcationd, beverag@nd

in thepharmaceutical indystiye to its antimicrobial and antioxidant properties
(Kaur & Chakraborg13).

MW : 152.1%g/mol
G0

OH

FGURE2. PHENOLIC ALDEHYDE MBCULE OF VANILLINIGURE EXTRACTED AR®RIEFERT ET AL
(2001)

Studies done Pyefert Rdenhorst argteinblich€2001) showedthat all ofhe
microorganisms employeditdegradation of vanillin oxidize this monomer into
vanillic acidMoreoverthe biodegradation continuesaijlic acias transformed

into either protocatechuic aaml guaiacolThe authors believdtht the
biodegradation process helps the microorganisms tioe stoxiveeffect of
vanillin

12



2.4.2 Vanillic acid (VAA)

Vanillic acid is a flavoring agent known with the chemicatmaireq@t 4
methoxybenzoic a@tigure 3)This monomer is obtained by the oxiofation
ferulic acity species suchBaillus, Pseudomonas, Rhodotorulayaed_Streptom
& Rosazza999).Experiments show tballsgrowingn a culturenediumare

able tawonsume vanillic acid in a period of 4&&mafyming in this way to
guaiacol and vanillyl alosttblalmost no traces of vanillin dilnimgonvesi

(Li & RosazzH999).

O
HO——C//
MW : 16814 g/mol
GeHgO,
OCH,
OH

FIGURE3. MOLECULE OF VANILLATID, FIGURE EXTRACTED ARORIEFERET AL (2001)

2.4.3 Vanillyl alcohol (VAL)

Vanillin a&lbhol is a derivativevanillin and is also used to flavor foods or as a
essence product in the perfume industry. Its chemical -hgdrexy8- 4
methoxybenzyl| alcoltsimolecule can be seEmgurel.

|
H—C—OH
MW : 1%8.165 g/mol
C:BH10C)3
OH

FIGURE4. MOLECULE OF VANILLWLCOHOL, FIGURE EXTRACTED RR®RIEFERT ET A(2001)

Analysis done on the biodegradation of vanillin into other phenolidogompounds
the yeadirettanomyces an@atdinsNarbad, Dickinghloyd 1994)showed
consistent results on the metabolization of (cahiulie medium + &AM
vanillin),into \anillyl alcoh@nd vanillic acid. These results were obtained after
acidifyinghe supernatant to pH 2 with concentratedndGtvaporating the

13



solventoy rotovaporStorage of the sample@tC was necessary prior to
analysis and characterizbigin.performance liquid chromatography (HPLC) and
mass spectrometignfirmed these pathway$iadegradation. The authors
indicate that vanillyl alcotas the ajor product during degradation and that only
a small percentage reaerded amnillic acid. The authors point out that the
potential of biodegradimyllrainto vanillyl alcohadhigh, in regards to the food
and drink industry. Figbrehavs the bioconversion of vanillin into vanillic acid
and vanillyl alcohol.

COOH CHO CHOH
e a— —
CH,0 CH,0 CH;0
OH OH OH
Vanillic acid Vanillin Vanillyl alcohol

FGURES. BIOCONVERSION OF VANIN TO VANILLIC ADIAND VANILLYL ALCGM.. FIGURE
EXTRACTED FROEDLINET AL (1994)

2.5 Lipid producti on from oleaginous yeast (ov) .

Studies on lipid production of oily yess#d byAgeitos, Vallejo, Veiga
CrespandVilla (2011), show that there is a great vanatiwn cellular dry
weightaccumulation of lipi@®@me strains accumulate Z886to 25%of their

cellular weightvhile others accumutatarly80%. These studies point out that

yeast have a great advantage over microbes when accumulating lipids. This is due
mainly to the adaptability of yeastseHatsraffected by seasonal or climate
conditions. Similarly, it is possible to scale up high volumes of yeast with duplication
times lower than 1 hdbome examples of species that can accunsaede lipid
Lipomyces starkeyi, Rhodosporidium Rituvdiotioieda glutiaisd Yarrowia

lipolyticeA summanyf theobtained biomass (g/L) accordgrgwah conditions
ispresented irafblel.

14



TABLEL. SOME EXAMPLES OF KNRVBPECIES FEASIBOREIPID ACCUMULATIONT DIFFERENT
PERCENTAGESOMEGROWINGFACTORCONDITIONS SUCH ABRBON SOURGEULTIVATION TIME
(T(H)), PERCENTAGE OF LIFABCUMULATEPPH AND BIOMASEX (G/L) ) ARE SHOWN FOR THE
SPECIEADAPTED FROM AGEITEB AL (2011)

Strain X (/L) %lipid T(CC) t(h) pH C source

Lipomyces

starkeyiDSM 70295

13.3 56.3 30 220 5 Glucose

Lipomyces
_ 18 30 28 96 5.8 Glucose
starkeyiAS 2. 1390
Rhodosporidium
) 151.5 48 30 600 5.6 Glucose
toruloidesr4
Rhodosporidium
6.9 42 28 96 5.8 Glucose
toruloidesAS 2. 1389
Rhodosporidium i i
. i 79 27 168 5 Fatty acid sodiur
toruloidesACT 10788 salt
Rhodotorula
22.3 66 30 120 4 Glucose
glutinis [IP-30
Rhodotorula Glucose +
- 185 40 - - 5.5 _
glutinisNRRL y1091 oxygen enriched i
Yarrowia Industrial lipids +
_ . 8.7 40 28 240 6
lipolyticaLGAM s(7)1 glycerol
Yarrowia
50109

Another studyn OY, (Deebaet al, 2016) presented the economic potential of
converting paper mill sludge (which is rich in organic matters and nutrients) into
lipids by OY. This organic source could solve the increasing problem of fossil fuel
dependenty employing the rich carbon caftemll sludge to be converted to

lipids. These lipids could serve as a raw material to produces biodiesel.

15



3 Materialsand e  xperimental procedure

3.1 Isolates of microorganisms

The isolates in question were retrievedefraymg wood from old houstgo

Faroe Islands in the period between the 9th to the 16th ofThdyidd 4f
isolatinguch microorganisms was to study separate species of fungi which did not
have much intervention from other continental Btmiesind fungi lived in a

range of temperature between 10 6. Because fungi weselated from

decaying woodt, washypothesized that they cbuéd in the presence of
components of wa@bnnander, Ljunggren, Hedentrom, & Wvightiscript

in preparation These characteristics led to a phiypathesihat this type of
microorganisms could grow in the presence of lignin (one of the three components
of wood) angerhapdegradparts othis polymer into aromatic lignin monomers.

In the samm@anner, it could be also possibléneékattypes of microorganisms
couldaccumulate lipids during the process tiditpgradind.he isolategere
namedfterthe geographic location wherehttteypeen isolated, followed by a

serial numbéas inthe case of the model fungal strain FMYD®2yer,

disclosure of ttree names of the remaining &trajaln the collection was not
considerenecessary, since this information could make subsequent publication
difficult(J. Rénnander, persowahraunication, April 3 20117). address the

straigin this studyhé nomenclature used is based on the position of the strains in
the three 0 Migwetfe rfdéo ra geaxra npp ?8et,& &t oh( emenaannse
the isolate 12 growed in Master pkdriithis work, 6@ifferent strains were

used to examine their abilitypitdegrade vanillandgrow in lignirased
mediumThe60strainsveredivided into three grqugosdare listed inabls 6 to

8 inAppendiA.

3.2  The stability of biodegradation at different
temperatures

3.2.1 Yeastpre-culture and growth

A total of 80 ml bfuidLiBamedium wasmployed as dtere medium for the
model fungal str&iYDO002 This preculture wset to constant shaking during a
24 houperiod at 150 rpan25°Cin a sterile environméitie cell concentration
was determinbglusing aemocytometer method with a dilution @intt20dye
solution of methylen bl@nce the cell concentration of the precwls
known freshLiBaculturemediunof 160ml| wasused to start a cultwi¢h an
initialoolony forming units (CEdhcentratiasf 6x 1 CFUmI™. In order to do
this, supernatant was extracted fronmB3anV&entrifuged precultured sample,
keeping the remaining pellet which contains thecedgomedntration.

16



Therequiredrolume for celkeaction can be calculated)batier?, whereG is
therequireadtoncentratioi® x 1 CFU mt) for the new starting cultiyés the
newvolume containing tientioned¢oncentratioandG is the concentration
obtained by cell counting.

Og@OQ: ngnb EQUATION 2

Solving for the required volifwee obtain

befit

d‘b: — EQuUATION 3
Oq

The obtained volume of 160 ml sitrtang concentration af 16 CFU mt
wagdivided intono sets of culture flagkstaining 80 ml eatimM of vanillin
(obtained fromlfaAesgr wasadded to one of the flasks in order to prone
biodegradatiar this pyduct, while the othHaottle waset as a control sample.
Both samples westeken at 230 rpm under a controlled temperatié of 25
Samplesom both bottlesere extracteahd centrifugedter24 and 72 houyrs
following sterile filtering of the supernatant.

3.2.2 Sample extraction andTLCpreparation

A total of 12 samples were separated iocebtrifugdubes in order to be
subjected to different temperatures. All fhlessahowed a pt3 4nd were
adjusted to pH 2 by addyayochloriacid. 2 ml ethyl acetéEtOAc) was added

to evengample tulses a soluble medium for subproduct extraction. Samples were
centrifuged at 8000 rpm for 5 minutes in order to ensure mixture between the
degradedub productnd EtOAc. The immiscibility property of EtOAc in LiBa
mediumallowed the extractiori @5 ml of EtOAc from tiopcentrifugelhyer

liquidto a new set of vial tuldsese final samples are subjected to different
temperature;amely-20 °C, 40°C and 60C. Nitrogen gas was employed to
evaporatetOAcfrom the vigl$éeaving in this way a dried subproduct throughout
the tubeswalls. Final resuspension of the subpiodants by adding 20 pl
EtOAdo the tubed his suspensiofuitherapplied to the TLC piata series of

droplés allowingdryingout between applicatidrahle2 shows the resultseg

of samples and control samples to be@p@idd.C plate.
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TABLE2. SAMPLES AND CONTROANPLES SUBJECTEDOIGFERENT TEMPERAHSRPRIOR TOLC
ANALYSISALL SAMPLESAD BEEMDJUSTED TEH 2. LIBA (LILLY& BARNET) IS USED AS
GROWING MEDIUM

Temperature 24 hours 72 hours
('C) Sample Control sample Sample Control sample
-20 LiBa + 1mM VA LiBa LiBa + 1mM VA LiBa
40 LiBa + 1mM VA LiBa LiBa + 1mM VA LiBa
60 LiBa + 1mM VA LiBa LiBa + 1mM VA LiBa

TLC studies were done silicaprecoatedaluminiunplategMerckMilliporg

with a thickness of®mm. A twirtrough chamber was employed as a dipping
urt to expose tre@uminiunplateto the reagent mediggure6A and 8 show
respectively the equipment for drying samplesframtatheew of the TLC
chamber during phase separation.

FGUREG. (A) TO THE LEFT IN THEGTURE ETHYL ACETAFBUSPENDEDRIED EXTRACTS WITH
BIODEGRADATION PRODUS TO THE RIGHTA TLG-PLATE ONTO WHICH DRS OF SAMPLES HAVE
BEEN LOADEDHOT AIRISBLOWN OVER THELCPLATE TO DRY SAMPLESIOR TO RUNNING THE
TLC. (B) TWIN-TROUGH CHAMBER FOR.C TRIALS WITH AN ALUNIUM-BACKING SILICALC
PLATEN PLACE

3.2.3 Reagents and standards

The employed eluent dufFioG trials was a combinatidoluene, ethyl acetate
andformic acidvith avolume ratio ef:5:1 Ronnandegt al. Manuscripin
preparation 10 Yl of vanillinvanillylalcohol and vanillic astahdards were
employed withX (10mM), 5X(10mM)and 10X5 mM)diluionsrespectively
(concentration indicated in parentinesislerto identify thdegraded vanillin
phases in LiBa medium. Similarly, the employed gtarwidaeniidancéor
optimum stain contrast and travel distancesuttionaryphase (degraded
subproducteh thelrLCplates.
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3.3 Degraded sub  products stability at different pH

3.3.1 Yeastpre-culture and growth

Precultivation was conducted on 80 stérdé LiBa basal medium &€.25

Model microorganism FMYDO002 was inoculated to this broth by feeding method
and left in shaking flasks during a period of 24 hours &dlb0aypming was

done byhehemocytometerethod after prultivation Cel concentration was

adjusted ©x 1 CFU mtas describedBqguatio®. The total volume of LiBa

medium fowanillindegrading analyses was 24Thml basal medium was
inoculated with 1nmd¥lVA andefton areciprocal shakter a degrading pemdd

24 hoursA 20 ml mixture of only 1mM VA in LiBa medium was osattds a
sampléor this experiment. This sample was treated similarly to the culture medium
regarding temperaturesdrakingptation.

3.3.2 Sample extraction andTLC preparation

After 24 hours degrading time, the broth was centrifuged at 4000 rpm for 5 minutes
in order to obtain a clear supernatant. The remaining pellet after centrifuging was
discarded. Supernatant was sterile filtered and divided into six different falcon
tubes2 ml volume samples were extracted from these tubes to new centrifuge
tubes for pHEdjustments

Three of these samples were directly adjusted to a pH of 2, 7 and 9 from the original
LiBa mediumith pH 4.5. Adjustments were done by adding either amid (HCI)
alkalindNaOH) electrolyte800 pl EtOAc was added to all of these samples and
subsequently centrifuged atrp@®@r 5 minutes. 500 ul EtOAc were extracted

from the top liquid layer and evaporated by nitiogeDgean test tube

Six other sgles were gradually adjusted to differealuptdy increasing or
decreasing thaaidity leveAt every pH adjustmené degradsdbproduetas
extractedFor exampla 3 ml sampleas adjusted first to a pH 2 following with

the addition of 1.2 ml EtOAc. This sample was then centrifuged at 8000 rpm for 5
minutes. After centrifuging, 0.75 ml EtOAc was extracted from the top liquid layer
and transferred to a Duran testfthbeemaimg 0.45 ml EtOAc in the original
centrifuge tube was discadlerdw pH adjustment is done on the same sample,
but this time to a value offfe same principef adding, centrifuging and
extracting EtOAc into a Duran igibepeated agah this poit theextracted

EtOAc contains a degraded subproduct meywts@dmild acidity medidrhe

same procedure is repeated for the third time in order to obtain a sample with
subproducts stabilized to pH 9.

Similarly, three other samples were produahdstiygafirst the subproduct
sample to a pH 9, followed by 2 gradual decreases of pHGentrdndirdy
and extraction procedures are the identical as described above.
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All theobtainedamples were resuspended by adding 20 h Ei®Auran
tubes These suspensisare applied to aXi20cm aluminuMLC platelong
with threeromatic mononmantrol samples, namalyillinyanillylalcohol and
vanillic acid wittoncentrations ofrh® 5 mMands mM correspondentli 00
ml of an eluent in a ratio of 4:5:1 (v/v/v) of tedtieyleacetatermicacid was

used as a mobile phieeale3 shows the resulting set of samples to be run on the

TLC plate.

TABLE3. ATOTAL OF ELEVEN SAMEFS(TWO OF THEM CORROL SAMPLE&1 ANDK2)WERE ADJUSTED
TO THREE DIFFERENH PTHE FIRST THREE SAMB WERE ADJUSTERBCTLY FROM A PH dE5TO FH 2

(SAMPLE 3 PH 7 (SAMPLEB)AND FH 9 (SAMPLEC). THE SECOND GROUP ORMBPLES WERE ADJUSTED
FIRST TO AW OF2 (SAMPLED) AND ITS PRODUCT WAKTERACTEDA NEW ADJUSTMENT TO IBHSAMPLE
WAS DONE TOH 7 (SAMPLEE)WITH SUBSEQUENTLYGIRJCT EXTRACTIOMA SIMILAR STEP WAS DON
FOR SAMPLEPREVIOUSLY ADJUSTED FH 9. THE REMAINING THREBRAMPLES UNDERGONEETINVERSE
PROCESS OF GROPPVEANING THE BALANCING STARTEROM Pl 9.

From a LiBa medium with pH 4.5 Control samples
Adjusted Initial Initial
sample| directto a| sample| adjustmentto | sample| adjustmentto | sample| concentrabn
pH: pH: pH:
A 2 D 2 G 9 VA 10mM
From sample D, From sample G,| vaAL 5mM
B 7 E new adjustment H new adjustment
topH7 to pH7 VAA 5mM
K1 Control sample
From sample E, From sample H, .
9 F : I . LiBa + cells
new adjustment new adjustment Control I
topH9 topH?2 K2 Oh ol sample
LiBa + VA

3.4  Gas chromatography sample preparation

Experimental analyses of vanillin biodegradation in LiBa medium were characterized
by gas chromatography (GC) witkH3380Rcolumn gas chromatoghafhml

samplevith a resuspended subproduct in Ex@8collected in viallieand

injectednto the equipment afpet adjustmertd 9. Measurements were made

after evaporation of the saaip®0 °C. In order to increase the subproduct
concentratiod00ml of LiBa sample wkns evaporateid a rtovapr at 170

mbarand 150 rpnThisprocedurevas needed prior to GC studies due to the
sensitivity of tleiromatograpfihis type of techni@liews the evaporation of

higher volumes of samples aralagous to evaporation of sanyplatrogen

gas

Gas chromatography analyses were carried out under a 30 minutes period with a
sample rate of 10 Hz. The analysis instrument (Variant Star 1) presents conveniently
the numbeaf peaks in veiscond\g) vs. the running time.
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Quantitative evaluation of the components in a sample can be done by calculating
the total area under the peak of interest. This area is proportional to the amount of
analyte in the sample. Similarly, the ratio of compounssnipléehean be

obtained by comparing the ratio of areas of shen pga&stion in a
chromatogranihe corresponding area of one peak can be caltyuatokiby

as follows:

Ol QOZ " U 1 EQuATION 4
2

In this equatidmis equal to the peak high apdneandull width at half
maximum of the peak in question.

3.5 Lignin -based and lipid -inducing media

Tenligninbase mediavith differentomposition andncentratioasd two lipid

inducing mediaitrogedimiting wereprepared in Petri dishexrder to observe
thegrowth patterrd the studied straislinrandSundmafl971) showed that

this type of groundwork showed to be practical and demonstrated that fungi grow
better on a solid than in liongdia

The triad were divided in twequenclkatches as seefabled4. Nitrogen
limiting media (Nim) and LiB&.illy and Barnett) media were possible
substratebat mighinduce lipid accumulation in yeastosllsver, therPetri
dishs, all of thermmontaining substsatath inhibitory effects mmcroorganism
growth were preparedserie®Thedetailed recipies these media can be seen
in AppendixXC. Theselates containibggn@ulfonge (LS)n powder formith
concentrations of 2.5 g/l, §/) 10 g/l and 20 g/ILignin Acid ytrolyzée
(LAH) in liquid form wigpH of lusing theoncentrations of 265 5%, 10%
and 206and vanillin (VA)taeconcentrations ainM and sZ2Mwere prepared
in batches iorder to studfegrowthcapacitgf every strain tilesesubstrates,
which originated from processed residueBhe substratéss and LAH were
kindly donated by Domsjo FabkRéocatedn the city obrnskoldsvik. The
overall composition of these substratasawaiseg 70% spruce and &0pine
obtaineduring the month@¢€tober2016
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TABLE4. TWO SEQUENCES WEREPERYED FOREPLICAPRINTING ALL THEOISOLATES KTO AGAR
PLATES CONTAININI2DIFFERENMICROBIOLOGICASUBSTRATEA FINALYEPDPLATE WASSEDAT
THE END OF EACH SEENCETO ENSURBUCCESSFUL CELL TBANER THROUGHOUT TBEQUENCETHE
SEQUENCE GOES LERTRIGHT AND THE BORSEREPRESENT THE \@BR$ SETS OF PLATEBNCAINING
DIFFERENT GROWING MB SUCH ASLIBA (LILLY& BARNETT, LIGNINACIDHYDROLYZATELAH),

LIGNOSULFONATHELS) NITROGENREDUCED MEDIU{N-REDUCEDAND VANILLINTHESEMEDIA PLATES
WERE CASTED AT DIREENT PERCEMGES OR CONCENTRANS AS SHOWN

Trial Substrates and growing media
sequence LiBa | 2.5% | 5% 10% 20% 20 g/l YEPD
1 LAH LAH LAH LAH LS
sequence  N- ImM | 5mM 259/ 549/ 10 g/l YEPD
2 reduced| VA VA LS LS LS
3.5.1 Straintransfer onto different media

The 60 strains studied inthieisis projewterestreaked individuadty YEPD
medium aridcubatefbr a period of 48 hours. Once the kadiuasible growth,
single coloniere transferredto YEPD platesairspecific pattern, where each
plate had differétistrainseach one irspecific position within each, pisiteg
steri |l e.Thi$ powadlreresaltedsid threef e r e n ¢ eYERDr
plates (20 strains per plateadothl of 66trainsfrom which theansfer of
microbial growtbnto lignifbased mediauldcommencdhe Petri dishegre
markecdn the bottomn order @ keep track of tlsequencef strainsstrain
name andtheir positioathroughout the experimemtese initidlasteplates
were left in a room for 48 hours @ B&allow sufficient growthstfins, on
preparation for subsequent tralfigfere’ shows the initial YE°IM a splatesr 0
after 48 houas growth

0O Mast

FAGURE7. THREE INITIALO MSTERYEPDPLATES CONTAINING EB0ISOLATES UNDER INVESATION
(201SOLATE®ER PLATEWERE USED A% MSTERSAMPLES FROM WH{ THEREPLICAPRINTING PROCESS
BEGAN PLATEA CONTAINS GROUP, PLATEBCONTAINS GROURAND PLATEC IS GROUB.
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The eplicgprinting technique developeBvansRatledge and Gilbgr985)
wasemployetb transfecels of alktrains simultaneotisiyn YEPD platesto
otherligninbasedagarmediumplates The emplateused for determining the

relative position and number of individual isolates, also placed under each Petri dish
duringsequendltransfer anthe replicprinting tooare showin Figure8 A and

8 B, respectivelyhe printing technique consiatianly pressgthe previously
sterilizedeplicgorinting tool ontone of the initial YEBIMa st er 6 pl at es,
sure that its prongs came in contachiaridivial growtbf all isolates on that

plate.The toolvas therapidly pressed agadhmstsubstrates of diieer lignin

base@dnd vanillirbasegblates following the sequshown imabled. A final

control YEPD plate wegslicgprinted as welh order to ensure ththyeast cells

hal been transferred along the Faglly, all theeplicgprinted samples were

incubated 86°C andllowedo grow for 96 hougsior to scoring

FIGURES. (A) REPLICA RINTING PATTERN SHOWG THE POSITION GVERY ISOLATE A90MM
DIAMETERPLATE (B)REPLICA RINTINGPRINTEREMPIOYEDFORCOLLECTIVELY TRANSHENGTHE
ISOLATEEROM ONE MICROBIOLGIALSUBSTRATEO ANOTHER

3.5.2 Staining methodfor determining lipid accumuldion ability

Identificatioof cells that accumulate lipidslovees by heatiadjlter papeto a
temperature of 80 for a period of 20 minutes. The filter paper has previously
been pressadainstach inoculatédlim and LiBmedium agar plakeaving
imprints of the colonies that grew on eacficpéatet al. 1985 Sudan blagk

(VWR International Lid)a ratio of 0.08% w/v in 99% (absolute) ethanol was
used taetect thépidsportion of the cellsy submergindpe filter papen this
solution for threminutesThe filter papers wetdsequentipsed with absolute
ethanol and left to dBtrains whose cells exhibiteiecoloured appearance
were candidates for being able tbsthr&he tining solutidiigure 9Aand
arinsedstainednddried filter pap€@Figure B), demonstrate the materials used in
the procedure of determining candidata¢diprdulating strains.
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At this stagea relatioshipbetween the strains tied the ability to graw
certain cultumaediandstrains that accumulatesligoadild be drawn

FGURE9. MATERIALS DEMONSTRNGI THE STAINING PRBES OF CELL$A) SUDAN BLACKB WAS
POURED INTO THREEAIES FOR DIPPING TRESULTINGILTER PAPERS AFTEHERNG PREEB AGAINST A
PLATE CONTAININGITROGENLIMITED AGAR MEDIUMB). CLOSE INSPECTIONOOK OF A FILTER PBR
AFTERHAVING BEEWIPPED INTCBUDAN B AND HAVING BEEN RIS WITH ABSOLUTE9%)ETHANOL
SOME OF THE CRUSHEDBELLS SHOWED A BLUBNE ORCHALOO WITHIN OR SURROUNDEN THEIR
POSITIONINDICATING THEIR PENTIAL TO ACCUMULATEPIDS
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4 Results and discussions

4.1 The stability of vanillin and biodegradation products
at different temperatures

The biodegradati productsf vanillin, made over tiduging cultivation of the
model fungal str&hlYDOOn the presence of 1 mM of vanillin, were subjected
to differentemperatusdor a period @fhourspamely-20 °C, 40 °C an@ 6C

Their resistance to heat was examined by subsequentlyer@xtiagishes a
TLC.

TheTLC plateshowslifferentbiodegradatigghaseshe oneccurringafter24
hoursandthat afte72 hour®f exposure to LiB@ediumcontaining tnM of
vanillin (Figure 10)The following standards were included in the TLC for
comparisorVA (vanillin) VAL (vanillyl alcohognd YAA (vanillic acid)yith
dilutions of 5XL0 mM) 5X (10 mM)and 10X5 mM)respectiveisimilarly,
control samples containing onlyria8anmard cells of strain FMYDO0O02 (right
most part of Figure 10) inadkergone the sameatmerst (cultivation on shaker,
extraction procedure and heat treatmerdgr to rule out contamination of the
sampleand to clearly observe the microbial effecillionavahmonitor the
appearance of its biodegradation products osdrthiesamplewere applied
directly to the TLC plate after2 hours temperature treatignireL0shows

the resulting Tvsualizednder UV lighat254 nm
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0.8
0.78
0.76

0.65

0.53

FHGURELO. TLCSLAB EXAMINED UNDER/LIGHT AT WAVELENGTBIF254NM. SPOTS OV A, VALAND
VAASTANDARDS ARE CLEARSEENO THE LEFTDUE TO CAPILLARITY EECTSSAMPLE STANDARDA
IS SHOWN ELONGATED TTHE EDGE$ENCIRCLED IN THE RIBE. THIS EFFECT HOWEVEROES NOT
AFFECT THE SAMPLE IBNRERPRETATION OF EHRESULT

Three similar spots appear consistently; ataledR 0.78 for the samples

subjected to 24 hours degrading time, regardless of the exposedTiegsperature.

spots, which are near thalRe of 0.80 (VA standard) can be interpneted as
bicdegradeftesidualyanillin. It is necessary to undersgarttiglspot showing

the VA standard appears inclined due mainly to the capillary forces near the edge of
the TLC. This force makes temtétavel first at the edgdh owi ng a odel a
form between theft side of the spmimpared tihe centre of tispot. In the

same manner, two other spots appeare@.@bRndR = 0.65 respectively for

all the samples the 24 hourdiodegradatioimme point These values are

consistent with thevBlusfor VAA (R= 0.76) and VAL (R 0.65). This means,

thatthe microorganigin this case the model fisigahFMYDO0O2¢ould be

able tdiadegrade vamllin LiBa medium into two nemnomers, namatyo

what is presumed tovdmeillic acid amdnillylalcohol after 24 hooifrgrowth
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The remaining samples tested after ©# boliissatiotime, exhibited elongated
spots with censi@ R= 0. 76. This means thatlegradatiasf vanillin has been
completa after 72 hour®o other significant spots were found along the phase
column for these samples. This could itnditatier the initial 24 haoafrs
biodegradatiothe microorganissiudiedbiadegradenot only vanillin but also
vanillylalcohol, resultingarspot with an; Bimilar to that efnillic acidlhe

proposa bicdegradatiomodefor these twbiodegradatidime poins can be
illustrateds follows:

VA
SN After 24
. - hours
s v, X,
VA VAL VAA
VA
! After 72
, hours
o2
VAA

FGURE1Ll PROPOSEMMODEL OF BIDEGRADATION OF VANIN (VA)IN LIBA MEDIUM BY THE MODE
FUNGL STRAINNMYDOO2AFTER24 H, THREE DIFFERENUBSTANCES WERE FOUNNAMELYVA AND
TWO BIODEGRADATIONRBDUCTS WITHR-VALUES SIMILAR TO @BE OV AL (VANILLYL ALCOHOLAND
VAA (VANILLIC ACIP. AFTER72H OF BIODEGRADATIQN'WO CLEAR SPOT®NE WITH ANRe-VALUE
SMILAR TO THAT ONWAA AND TWO MINOR SPOTPPEARN THETLC SLAB IT IS NOT POSSIBLE TO
ASCERTAINTHAT THEBIODEGRADATIONPRODUCTSWITH Re-VALUES SIMILAR TWAL AND VAA (?
MARKED ACTUALLY CORRESPONDD THESE COMPOUND® COMBINATION OANMR AND MASS
SPECTEMETRY STUDIESOULD RESOLVE THISICERTAINTY

Studies done dme bioconversion of vanillic acid from vanilReréstelo,
Dalconand De la Fuefit®89 showdsimilar results when microorganisms were
incubated and exposed to a meahtaMing.1% glucose and 0.01% vadaillin.
time series experimeanfirmed bioconversion into vanilli@lezidly after 6
hours and reada maximurafter 28 hours.fAll conversiasf vanillin occurred
after 96 houadter exposute the mentioned medium

Analysis done on the staih€zl plate with MBTH reag@&igurel?), shows

similar results as seen on the plate viewed under UV lightTdte2vYA rand

VAA standards appeared asdaigtvhile VAlis observext a dark purple spot.
Samples extracted aftehoRds-regardless of the temperaéxt@bited three

vanillin (white) spots of 1 cm in dianbese white spots are indicairaaif

vanillin as also showRdynander et @hanuscript in prepargtiorwo other

spotsone matching the VA standard (red spot) and the other equivalent to VAL
standar(bink with violetpotsare shown after 24 hbiadegradatidime.This
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figure clearshows thabsence of VA and complete biodegrHdéfiafter72

hourof biodegdationAlso, as mentioriedhe section alV/ analysi#)e spot

with an Rralue similar to thaV#A remains constant (red stained spots) after 72
hourof biodegradation

Standards
1

0.8 — L

078 /Y\
076 = (g - .
VAL

065 —

055 —

053 —

LiBa + cells

VA VA VA VA VA VA

FGURE12 MBTHSTAINEDTLC DEMONSTRATING THE FHCT OF HEATING THEELI-FREE EXTRACT
AFTER BIODEGRADATIGN VANILLIN BY STRAFMYDOO2AND ALSO DEMONSTRAG THE PROFILES
APPEARING AZ4HOURS ANLY 2HOURS OF BIODEGRADAN. AFTER THE MBTH STAINWO, STANDARDS
APPEAR FAINGVA, VANILLIN ANDVAA,VANILLIC ACIP, AS COMPAREDO WHEN VISUALIZEDNDERUYV

(FGUREL10) VERSIONHOWEVER THE VAL (VANILLYL ALCOHOLSTANDARD STAINED WEBNDITSR:

CAN BE COMPARED WITHIAT OFTHE BIODEGRADATIONPRODUCTSTHE BIODEGRADATION PRODBU

BELIEVED TO CORRESHD TO VAL WAS PRESENT IN ALIHEH SAMPLES AFTERl H OF VANILLIN

BIODEGRADATIONREGARDLESS OF THEMPERATUREREGIME TO WHICH THEXTRACT HAD BEEN
SUBJECTED

LiBa controls employedhis experiment (LiBacells of FMYDO0Q2)id not

show any significant spot eaffiter exposure WV light at 254 nm or after
MBTH staininfgr R values over 0.65. LiBa dpotgevecan be seahR =

0.53 An unknown spedn also be seen aropmdB5(light green coloénot

seen under UV lighdr the samples extracted after 24 hours. It is not possible to
identifythe nature of these splotsng this work as no other standard was
employed to match this value.
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4.2 The stability of biodegradation p roducts at different
pH values

Analysis ofLC to obtain optimal pH for product extradtiadhis casanillyl
alcoholVAL) have been done.

TheTLC tesafter 24 houos biodegradation of vanshowed that pH 9the
biodegradation product wRoserrespondedV#®\Lhad @ mo r @spgithan e
when the same sample had beenmlaceatic condition(in this casepH
below7). This means that obiedegradatigmoductsind vanillin itséd#ind to
disape or aresea as fainspotsn the TLC. As seenFigurel3 UV light
visualizaticat 254 nm showed that thpetappeadclealy atR = 0.80,R =

0.76, andR = 0.65after having adjusted sample to pH 2. Singtnples
adjusted to a pHsffowedaint or noexistenspotsn the TLQinder the same
wave lengtiContrary to this fadtree different adjusted sampdét 2cshowed
similar resujtthis means tmatt onlya totally fairfbiadegraded) \&potappears

but also, spot withite sami& value ag¢AL (based in comparison with the VAL
R standard) seenThese results are predwonsistently, without regard for the
sequencerfe of theradjusted the dkbmLiBa medium pH 4&pH 9,and
anothesuccessively adjustingthgompH 2in increments, until pH 9 and the
remainder of tisamplevas adjustéaminitialpH 9to successively decrease

pH 2.

The &@andard sampleMBA R = 0.7 ha a spot at the same travel digsance
the faintspots. Even though mnod be concluded this pointthat this
biodegradatigoroduct trulyis vanillic acid, for the purposeisetissintihe
significance of pH regimes to the stalidggegfradatiqgumoducts, | will treat
thispr od wantidaeanidl | i ¢ aci d 0.
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0.76
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FGURE13 THE EFFECT OFHPON THE STABILITY OFANILLIN BIODEGRADIKIN PRODUCTSGREEN
COLORSUBTRACTIO®F THETLCSTUDIED UNDERV LIGHT AT WAVE LENGT®F 254NM. THE RESULTS
SHOW CONSISTENTLYPMWRITION OF DOTS REYANT TOVALSTANDARDHOWEVER SAMPLES ADJUSTED
TO A H 9EXHIBITED FEWEHRODEGRADATIORRODUCTS THAN THETOUNTERPARTS

TLC plate stained with MBTibws similar resuliased on the standard for VAL,
similarspots occurred at the R&dmalue (®5) for all the samples, regardless of

pH adjustments. Even though it is not possible to assure that the resulting product is
VAL, similar spot colmd values are a gadatabn of the formation of this

product. Figudetshows thBTHSstained plate.
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SEMEEE pH 2 pH 2 pH 2 control
08— ™ AN . / VAA
076 — - ™ (1)
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065 —
pPH7 pHI pH7 pHY pHY9 pH7
VAA
\1/(/;( Y& A g €& 0B  ERF "G EF 1 Kl IK2 10X

FHGURE14. THE EFFECT OFHPON THE STABILITY OFANILLIN BIODEGRADAKIN PRODUCTSMBTH
STAINED VERSION ORH PREVIOUSLC EXAMINED UNDERIV LIGHT AT254NM. IN THIS VERSIONMA
STANDARD SEBMFAINTED ANDIS DIFFICULT TO COMPAREY VISUALINSPECTIONENCIRCLED IN THE
FIGURE. HOWEVER THE VAL STANDARD APPEARED DANSIGNALED CONSISTENTLOTHER
BIODEGRADATIORRODUCTS THAT ARESRECTED FOXAL. STANDARD FOR/AASHOWED SUSPECTED
VANILLIC ACID AT SAMES ADJUSTED T6I 2. AS PREVIOUSLY DISCESSIO OTHER SUBPRODI& CAN
BE SEEN WHEN THE $AMS WERE ADJUSTEDPH 7 OR9.

In the previous figure it is possible to see that the spot corraspAialiradl to
the samples disappear when the sample is extracted at pHIfliosaide9.
result wa noticechithe case of extractiopHa2 but with previous extractions
first at pH 9 and therpH 7 (see column Figurel4). This could indicate that
balancing the sample gihamhor more alkaline pH, redheappearing ¥AA

and other subproducts as(lelinotdisappearompletly as seen in column |
Figurel4).

LiBa and LiBa with VA contkdlsajd K2 samples &smdy) did not showed
any significantlegradation produoeaning thdhe experiment was free of
contamiation.Standards and control samples are better viewed under UV light.
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mVolts

4.3  Gas chromatography analyses

A subproduct ofbecdegradedanillinsample in LiBa medwasanalyzedsing
gas chromatography (GC) technique.

100 ml of a 24 hours degreaitin sample by the model microorgaaism
FMYDOO2wasadjusted from a pH @.8Ba mediumy a pH 940 ml EtOAc

were added to this medium in order to extitsoddgradatigmoducts. 20 ml
EtOAc were finalbhaken and extracted fronsatme from which 1 ml was
injected into the gas chromatogkaplysis of a balanced sample to a pH 9 was
based on the previous TLC results, were ledsiosiegiadatigoroducts)

relded to VA and VAA wagparent. This result shawatdthis was thest

route for VAL extraction.

Chromatograplanalysis of the sample under a period of 30 minuteég,oshowed
resultingpeakwith retaining timeg)Tof1.382 and9.301 equivalents to EtOAc
(solvent phasam)d VAl(suspect substamespectivel\side by side comparison
of a standhNVAL sample and the biodegrapatchct adjusted to pH 9 shows
similar Ffor both productBhese results can be séeguire45A andl3B.

| A 1.00 1 B
200 VAL
(standard)
175
0.75
150
125 L o504
T, =19.301 S
“’“‘/ﬁ/\Wh T:4109.
0.25 | B
75 _/3_,:,70 ]
—7"—_/— E:. ._‘:
50t __,r/‘/’ i
R A
28 | : : | -0.11 - - -
19.0 Time (min) 195 15 Time (min) 20

FIGURE15. RESULTING CHROMATOGRMAFTER EXTRACTING TISBMPLE ADJUSTED TGP 9 FROM A

PREVIOUSLYHPOF4.5. A SPECTRUM WITH RETERN TIME OFL9.301AND AN AREA 06.372V-SWAS
DETECTEDA). SDE BY SIDE COMPSRIN OF THE RESULTIRGAK AND THE/AL STANDARD SHOWED
SIMILAR RETENTIONMES(B).AS IT CAN BE CONCLED IN FIGURB, THE RESPONSE MEASDM®BY THE
INSTRUMENT SHOW DISS ARCONCENTRATION OF THRMPLEESTANDARD VMEASURED SAMPLE
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It is noticeable that the different between the twhgsakpect substance for

VAL and the standard Malhigh. This is because the areas of the peaks are
proportional to the amourihetompoundn the case oktbuspect VAL, the

area of the peak was measured to bé Dun8V¥2 the VAL standard showed an

area of 28¥s. This result indicates that the standard sampbedetration

76 times high#ran thdiadegraded produSimilarly, a peak atof 17,228
(equivalent to a standard of vanillin), showed an area\o& (BE&26 on

Equatiod (area comparisahjs possible to calculate the percentage of VA and
the suspect VAL analytes. Calculations show that 30.5% correspond to VA in the
sampladjusted to pH 9, while the remaining 69.5% correspond to the suspected
VAL.Thesdwo percentages correspond to:a/¥Ahtio of around 2.3:1

4.4  Determination of growth in a lignin -based substrate

Sixtyfungi isolates weneculateth different ligninesed gar media in order to
test the influence tbe growing conditi@md thie possible ability of lipid
accumulation

The rapid printing method for screeningchpithulating yeast developed by
Evans et.qll985)was also applied for inoculatingsaate into 12 otlegyar
media, ten of them containing-ligisied substrate and two others with nitrogen
reduced media. The sampleslivieted into three initial gojates, to give space

for 20 strains per plate.

The results indicate ghatindd3%of theanalyzd strain®6 in totalthrived and
successfully grewmost of the employed métkar four dagsiltivatioriime
was needed for the successful strains to adjust and grow tf leethieenéter
mmand 10 mm.his rate of growth denregardeas slowscompared to the
initial YEPulivated strains, which gredidametesgreagr than 10 mm in less
than 2 day$his result however was expected dumiibit@y effect of vanillin
and the acidity of the lignin hydrosusteate In generatultivatiorwas not
sustained fdre remainiryl straingxposed to these lignin and niredeced
media.

Table$ to8in Appendi, summarizegrowth ability and /orhibitory effect

of the media for the mentioned sffamslus (+) sign in the tables means not
only a successful ginos¥ astrain but also a certain increase indcatoeter of
around 5 mm after nearly fourafi@ysthe replica imprint had been carried out
The double plus sign (+#)dicate that theolony hadeached a minimum
diameteof 10 mm afteeplica transfer
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Only one strain, namely sha$i4 (meaningtrain number four in group three)
obtained a triple plus sing (+++) throughout the experiment. This was due to the
ability of the stmato grow near a diameter of 15 mm in agar plate with LiBa
medium. Finallgnegative sigf) (heans th#te strain in question did not adjust

to the culture mediuor was angrovih noted after nearly 80 hoticulturing

time.

The first batch ofle&es can be seemahles, AppendixXC. In this grougight

strains were able to successfully grow in areiwgEhmedium, but only seven
were able to grow in botletluced and LiBa mélhase last strains, tolerate as
well the presence ofitigim different concentrations. Lipid accumulation trials
done after 80 hours of cultivatmmshowed that only three isopaiteRiced

lipids within the cells.

In the second bafthbler, AppendiXC) seven of the twenty isslathibited a
successful growthmost of the investigated media. From this group, only two
strains grew in arrédluce@nvironmer{iN° 2.4andN° 2.10) but only one was

able taccumulate lipids’ @15. The final bat¢hable8, AppendixXC) showed

that twelve stins were able to grow in the different media and showed resistance
to vanillin mediunfcrom this twelve isolates, only eight toleredeldcid

medium well. In the case of lipid accumulation only five strains were able to
produce itTables shows themmarization of the strains that tolerate most of the
tested media and their ability of lipid production.

As seen in the previous description, only a few .dteanexbibited lipid
productiomfter being cultured in areluced substrate. Tdws production or
accumulation of lipids in oleaginous yeast was co{geiedebwl. (2011)

using different carbon: nitrogen (C: N) ratio media. Their research showed that
lipid accumulation was directly proportional to the rate of expongntial colon
growth, reaching to the conclusion that high volumes of biomass must be produced
in the shortest time possible, in order to obtained high lipid accumulation
percentages.

However, e problem witlpid extraction in the analggeaginous yeasts could

be other than the carbon: nitrogen ratio medium. The quest@udeotie

presence of a thick cellular wall that makes it difficultefog thehdynt (Sudan

B) to penetrate. In this matter, the employed temper&ufer(pbetreatment

of the imprinted filter paper was inadequate. Higher temperatures could have
render the cellular walls exposed to the dying solution, allowing in this way a better
lipid accumulation analysis.
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Another reason for the low lipid accumulation of the strizénis ¢belthct that

the examined samples were the LiBa casted plates. This deseaiterwa
unsuccessfidid accumulatioests were made the Nreduced agar substrate.
Sincethe-Neduced plates produce roviblety oObl an
dyeing color was shown), the next nitrogen reduced medium was the LiBa medium.

TABLES SUMMARIZATIONDF THE STRAINS CAREBOF GROWING IN LMBN-BASED PAPER MILL ARDLP

RESIDUES AND THEIRIAITY OF ACCUMULAYG LIPIDSTHE ABILITY TO GROW DIFFERENT MEDIA BN

ACCUMULATION OF LIP$ IS MARKED WITH(#4) SIGN WHILE NOT VISIBINDICATION OF GRONG OR
NOT VISIBLE LIPIDEGUMULATION IS MAREEBNITH A(-) SIGN THE DOUBLE++) SIGN SHOWS THAT

THE STRAIN IN QUESN HAS GRWN TO A DIAMETER dFCM. THE TRIPLE(+++) SIGN INDICATES THAT
THE STRAIN HAS GROWEAR1.5MM IN DIAMETERLAH,LIGNIN ACID HYDROLYZE MEDIUMLS,

LIGNOSULFONATE MEDMUVA, VANILLIN MEDIUMN-REDUCEDNITROGEN REDUCED MEM ANDLIBA,

LILLY& BARNETT MDIUM

Other mediz Growing ability in the presence of abag@d media
N’ N pa|1mM 5mMM LAH LAH LAH LAH LS LS LS LS Lipid
reduced VA VA 25% 50% 10% 20% 25g/l 509/ 10yl 20/l
1.1 + + + + + +  ++ ++ 4+ + ++ o+ -
1.5 ++ + ++ -+ o+ - + + ++  ++ o+
1.6 ++ +  ++ -+ o+ - + + ++  ++ -
1.9 + +  ++ -+ o+ - + + +  ++ o+
1.12 + +  ++ - + + + + + + ++  ++ O+
1.15 ++ I S i A s A a S = S = S T -
1.18 + + + R e = S = S R + ++  ++ -
2.4 + + + + 4+ 4+ -
2.7 - ++ - + 4+ - ++ + ++  ++ -
2.10 + + - -+ o+ - ++ ++ 4+ 4+ -
2.14 - + ++ - ++ + + - + + + + -
2.15 - ++ - I S o S o e e G = = R
2.17 - ++ O+ + o+ o+ - ++  ++ 4+ 4+ -
2.20 - ++ + +  ++ 4+ 4+ - ++ ++ 4+ 4+ -
3.2 - + + - + + + + ++  ++ ++ ++ -
3.3 - + +H+ o+ - ++  ++  ++ ++ +
3.4 - +++ ++  ++ +H+ +H+ H + ++ 4+ ++ +
3.6 + + + - ++ ++  ++ + + + + ++ -
3.7 + + + + +  ++ ++ 4 + +  ++ o+
3.11 + ++  ++ - ++ o+ + - ++  ++ o+ +
3.13 + + + +  ++ 4+ 4+ -
3.14 - + ++ + o+ - ++ + ++ + -
3.15 + + ++ + o+ + ++  ++ o+ -
3.16 + + ++  + ++ 4+ + + ++  ++ o+ -
3.18 + + ++ + 4+ A+ e+ A+ -
3.19 + + ++  + A+ 4 +

* Plates were 1 year old
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Based in the previous table, it can be concluded that other strains could function as
model strains for investigating biodegradationtEsieghsromatic monomers,

instead &fMYDO002. As an exam@l&.7andN° 3.19isolates showed to grow

in all othe tested cultured media and accumulated lipids as well. It could also be
possible to obtain high degradation values by ehglspiageN°® 1.5, N°

1.12,N° 2.15, N° 3.3, N° 3.4, andN° 3.11due not only to their resistance to

vanillin, but alsotteeir excellent growing rate and ability to accumulate lipids.

4.5  Future prospects

The present study has shown that the model fungal straibi&NMEIOORS

vanillin into other moleculewlath possible candidategaarkyl alcohol and

vanillic acid. This observaoim accordance with other similar results on
biodegradation of vanillifubgi (Rahouti et al. 1989)bauteria (Nishikawa et

al. 1988 and Chen et al, 2012). Moreover, the ability of sumgaifdinains

of the Faroese collection to grow in different concentrations of vamillin and
ligninbased media opens a tremendous possibility for future industrial and
environmental applicatidnidogical treatment processes, aecihually could

be more efficient than current applications, as reported elsewhere (Lupoi et al,
2015). However, in order to unlock these posdibsilyeslentification of the

species of the isolates in the Faroese collection isandcessangly, further
sudiesas this could help understandiwgytbiegars and nitroges assimilated

for improving future cultunediao enhance biodegradation ability and develop
other useful traits to industry, such as lipid accumulation.
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5 Conclu sion s

T

The solvent systg§mobile phasesed in th€LC:s watolueneethyl
acetatdormic acid in a 4:%vIv/v) proportion. This systemrked well
for separatirthe spot believed to correspordnitlyl alcohol from all
other spots.

It is possible tsubject vanillyl alcohol a brief high temperature
treatment, as does not seem to affect its stabigtjidesced ByLC
Hgures10 and )2HoweverTLC is not quantitative. Vaeillin samples
that undergomeadegradatidoy yeaster 72 has did not show spots of
vanillyl alcohol. This could mean that transformation lfrota vanillyl
alcohol is tirdependentegardless of the treatment temperatufer
other biodegradation produdss possible to ¢keat there is a smaaal
also a new spot appearing belowehgrotiucts on the TLC when the
extractsvere subjected to higher temperé&durdesiger periodstohe
(elongated spots reaxr 0.76- which is similar to thavanillic acid)
and an unidentifiggbtat R = 0.55 when samples were subjected to 24
hourf biodegradation.

Spotswith similalR to that of theanillic acid standaRl £ 0.7
appeadin all of the samplegardless toéatmentemperature and time
point of biodegradatidheir intertyi howeverincreased samples that
undergone 72 hoafdiodegradmn, as compared to those taken after 24
hours of biodegradation.

As regardke samples subjected to differemrgtigphies followed by pH
adjustmenit can be concluded #hlathesamples exhibited similar,spots
regardless of pH, iaeanR; = 0.65, similar td= of thefor thevanillyl
alcohol standard. Ak tsam@atpH 2 werehe only omsg¢hat showed
spots consisteratyr = 0.76 a valuequivalent tine R of vanillic acid
UnderUV visualization of TLC plds spotwith arR = 0.76 anék =

0.80 (vanillin standami@re observddr pH 7 and pH 9, but in the
MBTHstainedersionthere wersoneor onlyfaintones

It has been shown that the bestfooutetractiorof the compound
presumed to be identicalawillyl alcoha found whethe samelis
adjustetb a pH 9. As seerHgures 13andl4 other spowside that of
vanillyl alcohbhddisappead owerefaintat pH 9
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As regardhe strains cultured in different meianat possible to say at

this stage whether or not the analyzed strains accumulate ibpids. Thi
because not all of the @defiiser papersosted a dark blue or violet cell
color whesubjected tdudan Bye Certain biasuld havarisae due to

the temperature dg@0 °C), whichperhaps didot allow the yeast
contents tbecome exposedhe dye.

Only 26 out of 60 strains thrived in most of the didfieirdrased
culture meditestedyegardless tife concentration ligin However,

from this group of 26 strains, ordudcéssfully grew in nitrogen reduced
medium.

Based on tladility to grow ifl @f the tested media ancapacitpf
straingo accumulate lipids, it is adlwigabse the stramntgh positions°

3.7 and\* 3.19as modeffor futurestudies ofanillinbiodegradation
Similarly, other strains sudhas® with positiomd’ 1.5, N 1.12,N°
2.15,N° 3.3, N° 3.4 andN° 3.11 demonstrategksistancto different
concentratisof vanillinwhilstgrowing at high rate, even though not all of
them grew in nitrogiemited mediunThey aldemonstrated the capacity
to accumulate lipids.

The previous findings sti@aw certain strains havelbiigy togrow on
media supplemented wigmosulfonate and lignin acid hydrolyzate,
suggestirthpat they use these substrates gwinmaiycarbon sousce
From here, dan béhenhypothesidéhat theestrainsnight beapable of
degrading lignocelluld$ethis washe case, their potential use in
industridireatment of paper mill sludge is high.

The Evanstainingechnique employin@ replicgrintingtechniquef
multiple strains simultaneously onto plates catitf@reny substrates,
and itproved to be a valuable tool duringdirencemerf the
investigatiotowever, it shaube nad that having only one culture plate
with original strain@ secalled Master platepuld cause cross
contamination between the strains Matteragarplate rending the
cultureuseledsr further experimenthispeculiaritisdue to thdiverse
textureof the various strains, waildwthemto inadvertently become
stuck or to 0 d r aif phéreplicaprinting toolprovidinghemwith the
opportunity to mix and cromstaminate each other.

As seen in Table 5, Fungal strains with seriaNi@nib&t.4 and N

2.15 grevata concentration of 5 mM of varliindid not successfully

grow in a concentration of 1 mM of vanillinafltue explained by the
difficulty of dissolving vanillin in LiBa medhioh could result in
precipitation problemvbenpouring plategeavinghe oddspots in the
growthmedium with higher concentration of vanillin than the expected 1
mM of vanillin
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6 Future work

1 This investigation came to the conclusion that most of the spots that
appeared on the Til&tes appearedoorespond those dhe standards
of vanillyl alcohol and vanillic acid. Howeévaiot possible to determine
only by means ofd and GC techniques that the degraded products
actually anéentical to thereviously named monomers. It is necessary to
grow a large cultuned extrathe resultingupernatanh{nimum of 250
ml) at a 3#ourculture. Such an extract wbaldisedrimarily to get
hold of a large quantityheimetabolit@resun to bevanillyl alcohol
which ultimatehoulde sent for NM&hd mass spectromatrglysis
Prior tothe NMRanalysi®ther techniqyesich as preparative TLC, high
performance liquid chromatography (HPLC) and GC wogkttirejpain
grip on as twwhether or not theadegadatiorproductcould bevanillyl
alcohol.

1 During the experimentsobjecting the biodegradation profivetdin
to different pHegimesthe timgoint at whicéxtractionvascarried out
after31 hoursf vanillin biodegradatiBrperiments done Nighvonen
(2017 showed thdhe peakbiadegradatioaccurred after 34 hours of
inoculatiomvith strain FMYDQOPhat work showed thas advisable to
harvest the samplabapoint intimeto obtairthemaximunoutputof
the metabolite presumed to be identiaaillyg alcohol.

1 Atime course experimeotld be a valuable investigation in order to see
hov other compoundsg. vanillyl @hol and perhaps vanilliqwlidh
both presumably would be produced at earlier time points than 72 hours)
react in #solvent systanThis could also helgstablishirthe point
time at whichthe biodegradation product presumed/dailbg alcohol
would starto appear and the timewduld have completely been
biodegraded and thus would be absent in the culture media.

1 So far, the isolatéghgalstrain FYMD002 has been employed for
investigating biodegradation of-lige@d monomers with acceptable
results.The present investigation has come to the conclusion that other
isolates, such as those lafelesl N° 1.12,N° 2.15,N°3.3,N° 3.4, N°
3.7,N°3.11 and\® 3.19could survive the poisonous medium which would
result as a consequence of adding vanillin, and at the same time might be
accumulating lipids. Future studies will ascertain if they can grow in
different vanillin concentrationsthandbiodegradation capabilities could
be monitored by using the TLC technique.
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Appendix A

TABLEG. LIST OF THE FIRDSTRAINS USED IN TH&/ESTIGATION AND E#R ABILITY TO GROW DIFFERENT
MEDIA(+) OR NOT VISIBLE INDATION OF GROWING). FOLLOWING THE SAME MENCLATURELIPID
ACCUMULATION IS SHOWAS POSSIBLE) OR NOT VISIBLE). LAH,LIGNIN ACID HYDROL®IE MEDIUMLS,
LIGNOSULFONATE MEDMYVA, VANILLIN MEDIUMN-REDUCEDNITROGEN REDUCED MIEIM AND LIBA,
LILLY& BARNET MEDIUM THIS LIST IS REFERREDGROUH..

Othermedia Growing ability in the presence of abigged media
N’ N- Ligal IMM 5mM LAH LAH LAH LAH LS s (s Ls |Lirid

reducet VA VA 25% 50% 10% 20% 25g/l 50g/ 1/l 20/l
1.1 + + o+ + + +  ++ +H+ o+ +  ++ o+ -
1.5 ++ +  ++ -+t o+ - + +  ++ ++ 4+
1.6  ++ +  ++ -+t o+ - + + 4+ -
1.7 + - - - - - - - - - - -
1.9 + +  ++ -+t o+ - + + +  ++ o+
110 + - - - - - - - - - - - -
1.11 - - - - - - - - - - - - -
1.12 + +  ++ - + + o+ o+ + + o+ ++ 4+
1.13 - - - - - - - - - - - - -
1.14 - - - - - - - - - - - - -
1.15 ++ +  ++ +H+ A+ -
1.16 - + o+ - - - - - + + - - -
117 - - - - - - - - - - - - -
1.18 + + o+ e = T = N = S + 4+ -
1.19 - - - - - - - - - - - - -
1.20 - - - - - - - - - - + + -

* Plates were 1 year old
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TABLE7 LIST OF THE SECONMD STRAINS USED IN THEVESTIGATION AND E#R ABILITY TO GROW
DIFFERENT MED(&) OR NOT VISIBLE INDATION OF GROWING). FOLLOWING THE SAME MENCLATURE
LIPID ACCUMULATIONS ISHOWN AS POSSIEtE OR NOT VISIBLE). LAH,LIGNINACID HYDROLYZATE
MEDIUM LS,LIGNOSULFONATE MEMMYUV A, VANILLIN MEDIUMN-REDUCEDNITROGEN REDUCED MIEM
AND LIBA, LILLY& BARNETT MEDIUMHIS LIST IS REFERREDGROUR.

Other medig Growing ability in the presence of dbligpaid media
N’ N- Ligal IMM 5mM LAH LAH LAH LAH LS s Ls Ls |Lipid
reducet VA VA 25% 50% 10% 20% 25g/l 509/ 1/ 20/
2.1 - - + - - - - - - - - - -
2.2 - - - - - - - - - - - - -
2.3 - - + - - - - - - - - - -
2.4 + + 4+ + ++ -
2.5 - + - -+ o+ - - + + ++ o+ -
2.6 - - + - - - - - - - - - -
2.7 - ++ - +  ++ 4+ - ++ + ++  ++ -
2.8 - - - - - - - - - - - - -
29 - S - - - - -
2.10 + + - e e A = ++  ++ ++ ++ -
2.11 - - - - - - - - - - - - -
2.12 - - - - - - - - - - - - -
2.13 - - - - - - - - - - - - -
2.14 - +  ++ -+ 4+ + - + + + + -
2.15 - ++ - +  ++ ++ +H+ + +H+ +H H +H +
2.16 - -+ - - - - + - - - - -
2.17 - ++ -+ + - ++  ++ ++ ++ -
218 - S - - - - -
2.19 - - - - - - - - + ++  ++ ++ -
2.20 - ++ + + ++ ++ o+ - ++  ++ +H+ ++ -

* Plates were 1 year old




TABLE8 LIST OF THE THIRPOSTRAINS USED IN THVESTIGATION AND E#R ABILITY TO GROW DIFFERENT
MEDIA(+) OR NOT VISIBLE INDATION OF GROWING). FOLLOWING THE SAME MENCLATURELIPID
ACCUMULATION IS SHOWAS POSSIB(#) OR NOT VISIBLE). LAH,LIGNIN ACID HYDROLXZEMEDIUM LS,
LIGNOSULFONATE MEMMUV A, VANILLIN MEDIUMN-REDUCEDNITROGEN REDUCED MIEM AND LIBA,
LILLY& BARNETT MEDIUMHIS LIST IS REFERREDGROUB.

Other medig Growing ability in the presence of dbligpaid media
N’ N- Liga| IMM 5mM LAH LAH LAH LAH LS s Ls Ls |Lirid
reducet VA VA 25% 50% 10% 20% 25g/ 509/ 1Qyl 20/l
3.1 - - - - - - - - - - - - -
3.2 - + + - + + + +  ++ 4 -
3.3 - +  ++ 4+ - ++  ++  ++ o+
3.4 - +++ ++ ++ ++ H+ H+ + .+ O+
3.5 - + - - - - - - - - - - -
3.6 + + + - ++ ++ ++ o+ + + + 4+ -
3.7 + + + + + ++ + + ++ o+
3.8 - - - - - - - - - - - - -
3.9 - - - - - - - - - - - - -
3.10 - - - - - - - - - - - - -
3.11 + ++ ++ - ++  + + - ++ ++ ++ o+ +
3.12 - - - - - - - - - - - - -
3.13 + + + +  ++ -
3.14 - + ++ o+ ++ o+ - ++ + ++ + -
3.15 + + ++ o+ o+ + ++  ++  ++ o+ -
3.16 + + ++ o+ ++ o+ + + ++  ++  ++ 4+ -
3.17 - - - - - - - - - - - - -
3.18 + + ++  +  ++ ++ -
3.19 + + ++  + A+ 4 +
3.20 - - - - - - - - - - - - -

* Plates were 1 year old




TABLEQ RELATIONSHIP OF ISOLRS COLOR AND ABIYITO GROW ONDIFFERENT MEDIA

Inhibition  Number | Corresponding isolate color and designation

Categor by the of
gory ye : yellow white black| pink
medium  isolates
1.15, 3.7,
1 none 9 11,14 3.13,3.15, 3.16 -
3.18, 3.19
2 5mMVA 3 - 3.6 . 112
1.18
3 20% LAH 1 - - - 2.7
5 mM VA 1.5,
4 and 20 % 3 - - 1.6 3.11
LAH 1.9
5 All but 5 2.1,2.3,2.6,2.9, ] ) )
1mM VA 2.16, 2.18
5 All but 1 17 _ _ _
LiBa
. All but 1 110 ) ) )
N-reduced
1.2,1.3,1.4, 1.8,
1.11, 1.13, 1.14,
8 All the 21 1.17,1.19, 2,2, 2.¢ _ _ _
substrates 2.11,2.12, 2.13,
3.1, 3.8, 3.9, 3.10
3.12,3.17,3.20




Appendix B

Sequensemployed during the development of growing characterization in different
media.

Sequence
1

Group 1 Group 2

LiBa

2.5%
LAH

5%
LAH




10%
LAH

20%
LAH

20 g/l
LS




Sequence

) Group 1 Group 2 Group 3

1mM
VA

5mM
VA

2.54¢/l
LS

c7



