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ABSTRACT

Gliding motility machinery enables moving on sudacin many species among
Bacteroidetes, resulting in bacterial colonies wabreading appearance. The adhesins
required for gliding are secreted through a glidmgtility —associated protein secretion
system known as the type IX secretion system (T9¥B8¢ fish pathogelfrlavobacterium
columnare produces spreading (Rhizoid, Rz; Soft, S) and p@aling (Rough, R) colony
types, of which only the spreading Rz type is wnil In this study, we explored the
spreading behaviour of these colony types by mampie imaging and measured the
expression of genes associated with gliding meptditd T9SSddG, gldH, gldL, sprA, sprB,
SprE, sprF, sprT andporV) under high and low resource levels. The spreadalgny types
responded to low resource level by increased cofirg. The nonspreading colony type as
well as the cells subjected to high nutrient lesgbressed only moderate cell movements.
Yet, low nutrient level provoked more active glidirmotility by individual cells and
increased biofilm spreading by cooperative glidinghe gene expression survey
demonstrated an increased expression levegbr@§ andsprF under low nutrient conditions.
Surprisingly, the expression of gliding motility rges was not consistently associated with
more active spreading behaviour. Our study dematestithat environmental nutrient level is
an important regulator of gliding motility and aldwe expression of some of the associated
genes. Furthermore, our results may help to urmwisthe connections between nutrient

concentration, gliding motility and virulence Bf columnare.

INTRODUCTION

Gliding motility is a process of bacterial movementsurfaces in several bacterial species in
the phylum Bacteroidetes (1). Instead of involvetmarflagellae or pili, gliding motility is
enabled by complex machinery which has been studiece closely inFlavobacterium
johnsoniae (for a review ofFlavobacterium gliding motility, see (2)), a model system for
gliding motility. Number of studies on flavobactdrigliding motility have led to
identification of several genes involved in mayiliincludinggldA, gldB, gldD, gldF, gldG,
gldH, gldl, gldJ, gldK, gldL, gldM, gldN, sprA, sprB, sprE, sprT (3-15). Furthermore, a
subset of these genegldK, gldL, gldM, gldN, sprA, sprE and sprT, has been found to
compose a protein translocation system, desigregetype IX secretion system (T9SS) (1,

10). T9SS-related genes are restricted to Bactetesd with no prevalent similarity between
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the previously described secretion systems (1).STB&s an important role in secretion of
gliding motility adhesins, required for surface tam, but also for secretion of virulence
factors (10, 16). For example, periodontal pathd@enphyromonas gingivalis uses T9SS for
secretion of its major virulence factors, gingigaand hemagglutinins (10, 16).

The exact role of each component in the gliding ilitptmachinery of F.
johnsoniae is not yet fully understood. GIdB, GIldD, GldH,dBland GIldJ are lipoproteins
needed for gliding but their exact functions aré kimwn (4, 5, 7-9). GIdA, GIdF and GIdG
form an ABC transporter but its role in glidingssll poorly known (3, 6)sprB is a motility
adhesin needed for gliding and it is secretedh&ali9SS (10)SprB encoding gene is located
in operonsprCDBF where it is transcribed together wighrC andsprD, genes coding for
proteins that support SprB function, agatF which is needed for successful secretion of
SprB (17). In addition, a recently identified seme-related geneporV, is needed for
secretion of chitinase and adhesin RemAs.inpohnsoniae (14). The mechanisms that control
the assembly and activity of gliding motility macéry and T9SS are not known. I
gingivalis, a two-component regulative system, consistindP@fX and PorY, regulates the
expression of a subset of T9SS genes (10).

F. columnare is a fish pathogen belonging to phylum Bacter@def.
columnare carries the majority of the orthologous genes ([©8plved in Flavobacterium
gliding motility and T9SS, which are used for vente factor secretion and formation of
spreading colonies (2, 10). Recently, a transamgtavide study inF. columnare strain
ATCC 49512 demonstrated that genes associated ghiling motility and spreading are
located in actively transcribed operons (18). columnare can form different colony
morphotypes, spreading colony types Rz (rhizoid) &n(soft) and nonspreading type R
(rough) (20, 21). Spreading colony morphology hasrbsuggested to be essential For
columnare virulence (20, 21), and indeed, only the spreadnmpid Rz type is virulent in the
fish host (20-22). Furthermore, changes in nutri@mcentration in agar culture changes
spreading ofF. columnare colonies, especially in the virulent Rz type (20)utrient
availability has also a significant impact on vemte inF. columnare as high nutrient level
induces higher virulence in the bacteria (23, Z4dwever, the functionality of gliding
motility and T9SS in differerf. columnare morphotypes is not known, althoughiL, gldM,
gldN, andgldH have been suggested as putative virulence-assddattors ir-. columnare
(25, 26). Here, we explored gliding motility iR. columnare spreading (Rz, S) and
nonspreading (R) morphotypes under conditions et expected to induce (low-nutrient)

or reduce (high-nutrient) spreading behaviour. @B4d motility and individual cell
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movements were seen to be more active under lovienticonditions. We also performed a
RT-gPCR (Reverse Transcription quantitative PCRgapsin order to measure the gene
expression of T9SS or gliding motility -associatgohesgldG, gldH, gldL, sprA, sprB, sprE,
sprF, sprT andporV. Of these genesgldL, porV, sprA, sprE andsprT are associated with the
T9SS. Increased gene expression in response toutvent availability was detected gprA
and sprF. However, the spreading and nonspreading colonystyyaal different expression
profiles under different resource levels which dobé an indication of divergent metabolic

programs.

RESULTS

Nutrient availability regulates colony spreading inRz and S morphotypes

The morphology of bacterial colonies originatingrr the same bacterial liquid culture and
grown on 0.5xN or 2xN Shieh plates for 2 days wetected (Figure 1). Rz colonies grown
on 0.5xN Shieh plate were spreading with increasedn colony size (3.95 cm, S.E. +/-
0.42) and production of root-like protrusions tygdifor Rz morphology (Figures 1 and 2A).
Rz colonies grown on 2xN Shieh plates had smalleanmcolony size (0.73 cm, S.E. +/-
0.04) and root-like structures, if seen, were omlgderate (Figures 1 and 2A). Type S
responded to changing nutrient availability complrao Rz (mean colony size 2.4 cm, S.E.
+/- 0.23 in 0.5xN and 0.75 cm, S.E. +/- 0.06 in 2xMNowever, when grown at lower nutrient
conditions (0.5xN Shieh), root-like structures weleserved also in S type. These colonies
were, nevertheless, distinguishable from Rz cokbietheir non-adherent, opaque and moist
colony appearance (Figure 1). R type did not rematalgkalter the colony size in response to
changing nutrient availability (mean colony siz& 8m, S.E. +/- 0.35 in 0.5xN and 0.5 cm,
S.E. +/- 0.00 in 2xN) and root-like structures weeen under low nutrient conditions only

occasionally (Figure 2A).
Growth and biofilm formation in varying nutrient co ncentrations

The viability of Rz, R and S colony types in 0.5aNd 2xN Shieh medium was measured as
maximum optical density (ORy reached during a 65-hour-cultivation (Figure 2RBl).the
colony types reached the highest QPat higher nutrient level (2xN Shieh). The biofilm
forming ability was remarkably higher under low ment condition (0.5xN Shieh) in the Rz



116
117

118

119
120
121
122
123
124

125
126
127
128
129
130
131
132
133
134
135
136
137
138

139

140
141
142
143
144
145
146

type compared to 2xN Shieh as well as R and S typleish were weaker biofilm producers

in both nutrient levels (Figure 2B).
Imaging of bacterial movements

The movements of individual Rz cells grown on 0.5aNd 2xN Shieh agar plates was
recorded with a confocal microscope. The movemehntRz cells were comparable with
previously described gliding motility of. johnsoniae: the cells glided over surface
straightforwardly, occasionally attaching to theface with one end of the cell, rotating and
changing the moving direction (Supplementary Vidée®). The gliding speed was slower

than that seen iR. johnsoniae which was used as reference (data not shown).

The movements of individual bacteria growing asa# pf forming biofilm were recorded
between agar layer and microslide chamber bottone. dolony types Rz and S formed a
monolayer on the edges of spreading bacteriallbiiofihere the cells were organized side by
side and glided along the adjacent cells (Figur8uplementary Videos 3-4 and 7-8). The
cells formed branching rhizoid-like structures, ewf cells wide, (here referred to as
microrhizoids) which involved both motile and nortie cells. In both Rz and S types,
more active gliding motility was seen under lowriarit concentration (0.5xN). Colony type
R expressed only occasional movements regardlestheofnutrient level and cellular
organization as a spreading biofilm was not obse(Bupplementary Videos 5-6). In order
to visualizeF. columnare colony formation at longer timescale, the growtiira colony type
on 1x Shieh was recorded during an 8-hour recor(fupplementary Video 9). In the front
of the biofilm, the bacteria were characteristicallganized in microrhizoids which moved
cooperatively towards the spreading direction @& Hiofilm and seemed also to serve as

routes along which other cells were able to gligéhier and support biofilm expansion.
Sequence analysis and expression of gliding motjliassociated genes

Genes putatively involved in gliding motility wesequenced from Rz, R and S types of
strainF. columnare BO67. No genetic differences were detected betvwertolony types in
the gene sequences of operghdFG and gldKLMN, genesgldH, sprA, sprC, sprD, sprE,
sprF, sprT, porV, porX, porY or in the predicted regulative regions upstreamgereesgldH,
SprA, sprk, porV or operonsgldFG, gldKLMN and sprCDBF. Expression of genegdG,
gldH, gldL, sprA, sprB, sprE, sprF, sprT or porV, which are putatively involved ir.

columnare gliding motility, was measured in BO67 Rz, R anddiony types that had been
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grown on 0.5x and 2x Shieh agar plates. Of theseggdL, sprA, sprE, sprT andporV are
associated with the T9SS. Gene expression res@te wormalized with reference genes
gapdh andglyA which are stably expressed in the current dai@detalue 0.5834 for both
genes with variance coefficient of 0.2114 fgapdh and 0.2007 forglyA). Relative
expressions are presented in Figure 4 (for steistsee Tables 2 and 3). Significant
differences between colony types were observeapnession of genegldG, gldH, gldL and
sprE (Table 2, Figure 4, for pairwise comparisons seélel@8) Nutrient level had a
significant effect ongldL, sprA, sprB and sprF expression. The pairwise comparisons
revealed thasprA was expressed at significantly higher level indoutrient conditions in Rz
and R types, and the same pattern was detecspdRrexpression in R type (Table 3; Figure
4). However, significant interaction of colony typad nutrient was detected gidH, gldL,
sprA andsprE (Table 2),indicating that gene expression of colony types whiffer between
nutrient conditions. Indeed, direct associationsvben spreading behaviour and gliding
motility gene expression were challenging to form different colony types seemed to
respond differently to the nutrient level with nlit§i gene expression. Even though a
significant effect of colony type was not obseniedeither sprT or porV, a significant
difference between Rz and R was observegbiifi and between Rz and SporV expression
(Table 3).

Proteolytic activity and extracellular secretion indifferent nutrient concentrations

Colony types Rz, R and S were cultivated on 0.5rN 2xN Shieh plates containing 1.5 %
skim milk. Proteolytic activity was observed in Bamlony variant, seen as formation of a
clear degradation zone peripheral to the bactegpraWth, but no differences between the
colony types were observed and the nutrient coraonm did not affect to the proteolytic

activity (Supplementary Figure S1). Effect of colotype and nutrient availability on

contents of extracellularly secreted products (E@R$ analysed further. Generally, Rz, R
and S grown in 0.5xN and 2xN liquid Shieh cultusbsred a common overall ECP profile,
with some moderate changes between individual probands between colony types
(Supplementary Figure S2). However, a strong pmoteand, approximately 13 kD in

molecular weight, was detected in Rz type growboath 0.5xN and 2xN Shieh media. The

corresponding band was absent or barely detedt@Bleor S types.
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DISCUSSION

Ability to move towards nutrient sources and thesthis essential for the survival of bacteria,
and bacterial virulence has been shown to be asdciwith motility in several bacterial
species (e.g. (27-29)). Comparative genomic armlysms revealed that members of
Bacteroidetes employ a unique gliding motility miaeiny and a motility-related secretion
system T9SS (1). Cells possessing functional giidiotility system form characteristically
spreading colonies (2F. columnare andF. psychrophilum are pathogenic in fish, affecting
freshwater aquaculture at a global scale (30-32ja$ been suggested that T9SS may have a
central role in the pathogenesis of these sped@@s 33), but so far this connection has
remained poorly understood. We imaged gliding nigtibf spreading and non-spreading
colonies of F. columnare and measured the expression of genes related dongland
secretion. Colony types Rz and S responded to @eedenutrient concentration by increasing
spreading behaviour, but R type did not have thastj feature, as reported previously by
Laantoet al. (20). However, mutations were not found in thedstd gliding motility genes,
indicating that also other genes may be neededrindtion of spreading colonies. Although
decrease in nutrients remarkably increased sprgadfircolonies, it did not correspond to
expression of gliding motility genes in a uniformammer. We also found that capacity for
extracellular secretion of proteases was maintaiméige non-spreading morphologies, which
may denote presence of functionally intact secnesigstems.

Each colony type was viable both at low and higtriant conditions when they
were cultivated in liquid medium. Even though eaciony type succeeded better in high
nutrient level (in liquid), they all expressed log@olony spreading when they were cultivated
under the same nutrient conditions on agar plates finding indicates that smaller colonies
are not produced on high-nutrient-agar due to unfeable growth conditions but rather as a
result of reduced cell motility. In biofilm measuarents, we found that Rz type was the most
efficient biofilm producer in the low nutrient trisaent. However, S type failed to produce
biofilm, although this type increased colony spiegdunder low nutrient conditions. This
indicates that spreadirmgr se is not an indicator of biofilm formation. Biofilformation is a
process in which successful adhesion is requireatder to attach to a surface (34). As the
biofilm formation capacity of S type was comparatidecontrol (growth medium without
bacteria) it may be incapable of proper surfacesaidim, possibly due to lack of functional
cell surface adhesins. Indeed, the colonies ofSthgpe are only moderately adherent (35)

and can be easily removed from agar plates comptrethe Rz and R colony types.
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However, capacity for extracellular secretion, igigd and adhesion to other cells
demonstrated in the S colony type indicates thééeréint adhesins are needed for surface
adhesion and social motility df. columnare. The adhesins required fdf. columnare
attachment to surfaces of different compositiondiibor biotic) are yet to be identified.

Microscopic microrhizoids were observed at the edfjespreading colonies.
Importantly, the cells involved in microrhizoidsprssed cooperative behaviour in terms of
social motility as they glided along neighbouriredle and thereby mediated the spreading of
the biofilm. Previously, we have proposed the imeatent of social movements iR
columnare biofilm formation due to coordinated cell organiaa (22). Indeed, bacterial
pathogens are known to cooperate, especially végands to biofilm formation (see e.g.
(36)). Furthermore, high nutrient level reduceddigly behaviour in biofilm. We have
recently shown that high environmental nutrieneldeads to higher virulence via increased
virulence factor expression (23). Therefore, it a@m to be resolved whether motility itself is
essential fofr. columnare virulence or if gliding motility and virulence arelated solely via
a common secretion route for adhesins and viruléters.

Previous studies if. johnsoniae have demonstrated that a mutation in any of
the gliding motility genes will result in disruptioof the gliding motility machinery and
formation of non-spreading colonies (see e.g. (B)prder to study the genetic background
of gliding motility in F. columnare spreading and nonspreading colony types, we segden
genes involved in gliding motility apparatus andSBgldH, sprA, sprE, sprF, sprT, porV
and genomic regions spanniglgiFG, gldKLMN andsprCD. Surprisingly, these genes were
identical between the spreading (Rz and S) and niwspreading (R) colony types.
Furthermore, genetic differences were not foundthe predicted regulatory regions.
Sequence analysis of othgld genes could provide information on differencesmMeen the
colony types, but it is possible that also othamegeare involved in colony spreading.An
johnsoniae, for example,secDF mutants were incapable for gliding motility anditich
utilization, and produced non-spreading colonied).(& was hypothesized that SecDF may
not be involved in gliding directly, but may havera@e in translocation of GldJ (37).
Furthermore, transposon mutagenesis revealed ttiablaoxidoreductase-like protein TlpB
is associated with gliding motility and virulencen iF. psychrophilum (38). Thiol
oxidoreductases are essential for folding of sdvprateins, including those related to
virulence (39), but their function iA. columnare has not been studied.

We studied the gene expression of gliding motibty spreading -associated

genes in low nutrient (0.5x Shieh) and high nutri¢2x Shieh) agar media. Colony
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spreading increased in low nutrient conditions aedreased in high nutrient conditions
(Figures 1-2). Expression ofdG, gldH, gldL andsprE (in pairwise comparison alsgprT
and porV, Tables 2 and Bwas significantly influenced by colony type, biiethighest
expressions were often observed in the non-sprgddilype. In general, gene expression
levels were not consistently associated with thizicof gliding motility. Growth under low
nutrient conditions significantly increased expi@sson sprA in Rz and R types, and the
expression ofprF in the R type. IrF. johnsoniae, SprA has been identified as a cell surface
protein and it has been proposed to serve as étkden surface adhesins and gliding motor
(12). In that sense, increased production of Sprdeun low-nutrient level seems reasonable.
Previously, it has been found tHatpsychrophilum GIdN expression increasasvivo and in
iron limited media (4Q)Indeed, low nutrient conditions induce motilityk. psychrophilum
and Vibrio parahaemolyticus (41, 42), whereasS enterica serovar Typhimurium and
Escherichia coli, that express swarming motility on solid surfacas, conversely (43, 44).
Combined with the observed phenotypic changes longospreading and gliding motility,
our findings indicate that environmental nutriemtay rather regulate the activity of gliding
motility machinery, than the abundance of differemichinery components. While gPCR
measures the quantity of present mMRNA of a targeed45), bacterial transcripts of secreted
proteins may experience post-transcriptional, a as post-translational processing steps
prior to transportation through the cell membran@snsequently, failure in any of these
processes may lead to unsuccessful protein traatgdo¢ and further alter the cell surface
constitution. Therefore, malfunctions in the T9S&ymdisrupt secretion and result in
accumulation of secreted products in cytoplasm exipfasmic space (46, 47). It is also
possible that gliding motility-related genes mayrégulated via more complex pathways. In
P. gingivalis, PorX and PorY form putatively a two-componentnsigtransduction system
that regulates the expression of a subset of TSfeg) includingorT, sov, porK, porL,
porM and porN (10), that correspondprT, sprA, gldK, gldL, gldM and gldN of F.
columnare, respectively. The gene sequencel.afolumnare porX andporY orthologs were
found to be identical in different colony types, ierh implicates that the observed gene
expression differences are not a result of a nartati these genes. Hence, the role of PorX
and PorY or other regulatory mechanisms that wdiirelct gliding motility or T9SS activity
remain to be studied in more detail. For exampileparation ofpoorX andporY null mutants
and exploring the effect on gene expression couddkaran important contribution to the

understanding of gliding motility and its regulatio
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All the colony types showed proteolytic activity bigh and low nutrient milk
agar, indicating that colony spreading is not aisged with secretion in thik. columnare
strain. Previous studies have demonstrated thatasiynto disruption of gliding motility,
mutations in the gliding motility genes affeEt johnsoniae proteinase secretion (10).
Therefore, our results indicate that the genege®léo gliding motility and T9SS in the
studied strain BO67 are intact. Furthermore, nesicerable differences in proteolytic activity
were detected on low and high nutrient milk agaerethough in some cases low nutrient
concentration has been shown to decrease protetigitya48). The ECP profiles of Rz, R
and S types grown in low and high nutrient condiialid not differ remarkably from each
other, except for a ~13 kDa protein band, deteateHCP, which was present only in Rz
type. This protein has been connected to the vitudelony type also previously (22), but its
role in pathogenicity is unknown. However, it shibide noted that ECP profiles were
isolated from bacteria grown in liquid media andréfore their ECP profiles may not fully
correspond the profiles that may have been obtdireed bacteria grown on an agar plate
(and which would express gliding motility more vigasly).

To conclude, environmental nutrients are importagulators ofF. columnare
gliding motility and the expression of associateshes. Despite the mounting data of
Flavobacterium gliding motility and T9SS, the knowledge of the@gulatory pathways is
limited, and how environmental cues contributen tegulation of these signalling pathways
in F. columnare remains to be determined. Therefore, it cannaxXotuded that differentially
spreading morphotypes &t columnare are caused by some other factors that are ye¢ to b
identified. Understanding the differences of spiegdand non-spreading morphotypes may

help to disentangle factors related to gliding iiigtand virulence irfF. columnare.

MATERIAL AND METHODS

Bacterial strains and growth conditions

In all of the experiments of this study, we useckeéhdifferent colony types (Rhizoid Rz,
Rough R and Soft S) d¥. columnare strain B067 (49). The bacterial strain was oritijna
isolated from a trout that has been killed duriotumnaris disease outbreak at Finnish fish
farm (49). The Rough colony type was obtained adtgrosing the original Rz isolate to
bacteriophages (20). The Soft type appeared spemtigty during laboratory culture of the
Rz type (22).
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Bacterial stocks were stored at -80 °C in 10 % @8 10 % glycerol and
revived from the freezer in fresh modified Shiehdimen according to Song al. (50) which
is referred to as Shieh medium in this study aredi s a base of nutrient-modified media. In
nutrient-modified media (0.5x or 2x Shieh), all tilgredients of the medium were either
halved or doubled. In 0.5xN and 2xN Shieh medidy dine concentration of peptone and
yeast extract were either halved or doubled, rdbmde (for detailed compositions of the
media, see (23)). After revival from the freezéguid bacterial cultures were cultivated at
RT/26 °C, with agitation of 115/150 rpm for 24-4&chobtain dense cultures. Cultures were
refreshed with fresh 1x Shieh medium and cultivaticas continued for 16-24 h. For plate
cultures, dense liquid culture was streaked onlShgar plate which was incubated at RT for

two days.

Colony morphology, growth and biofilm formation in different nutrient conditions

Liquid bacterial cultures of Rz, R and S grown inS3hieh were streaked on 0.5xN and 2xN
Shieh plates. Plates were incubated for 2 daysTafier which the colony morphology was
determined.

In order to evaluate the bacterial viability infdient nutrient concentrations,
1.18 x 10-1.28 x 16 colony forming units of B0O67 Rz, R and S in totalume of 400 pl
0.5xN, 1x or 2xN Shieh (N=8) was cultivated on Hge@mb 2® microplate (Growth Curves
Ltd) in Bioscreen C™ spectrophotometer (Growth @sritd) at 26 °C. The absorbance
(600nm) was measured every five minutes for 65 $olihe viability was estimated as the
maximum absorbance recorded during the cultivation.

The biofilm formation capacity under various nuttieconditions was
determined by cultivating 1.7 x 361.83 x 16 colony forming units of BO67 Rz, R and S in
total volume of 100 ul in 0.5xN, 1x and 2xN Shieledia on Maxisorp plate. After a 44-
hour-incubation at RT, the emptied wells were rihsgice with 200 ul of PBS. The biofilm
forming bacteria were stained with 125 pl of 0.XB¢stal violet solution for 10 minutes and
rinsed three times with 200 ul of PBS and the pleds dried at RT overnight. 125 ul of 96
% ethanol was added to solubilize the crystal viofenally, 100 pl of the solution was
transferred to a fresh microplate and absorbansedetermined at the wavelength of 595 nm

with Multiscan FC spectrophotometer (Thermo Scfamti
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Imaging bacterial cell movements

F. columnare B0O67 Rz cells were scratched from 0.5xN and 2xNelSkagar plates and
suspended in 0.5xN and 2xN Shieh liquid mediumpeesvely. The cell suspension was
pipetted and imaged on 8-chambered Ibidi® Ibityeatide (Ibidi GmbH) covered with CID
lid for p-dishes (lbidi GmbH). The bacterial cellere imaged with laser scanning confocal
microscope Nikon AR1 using 488 nm Argon laser ard 8po VC 60x water immersion

objective (numerical aperture 1.2).

In order to image the spreading behaviour of tliedint colony types, 3-fl of overnight
culture ofF. columnare BO67 Rz, R or S was pipetted on 8-chambered Ibldi@eatp-slide
(Ibidi GmbH), between the bottom of the chamber AriikN, 1x or 2xN Shieh agar layer.
The bacteria were cultivated overnight at RT aftérich the motility on the edge of the
spreading colony was imaged as described aboverdar to make the slow bacterial
movements detectable for human eye, the videos smed up as follows: Supplementary
Videos 1-8: 4x; Supplementary Video 9: 1800x.

Preparation of the samples for gene expression aryais

Several dilutions (with Shieh medium) were madenfiauid bacterial cultures which were
then spread on 0.5x and 2x Shieh agar plates &r dodobtain plates with separate colonies
and on which the colony types were recognizablatePtultures were incubated at RT for
two days after which every plate was inspectedotatain only the appropriate colony type.
By diluting the bacterial cultures, close to rowstaped colonies were observed and their size
was measured. A colony was considered as the areaed with bacterial cells, including
the denser area in the middle of the colony (iEpre) and the more transparent area around
it. Following the manufacturer’s instructions, @l colonies were suspended in RNA
Protect™ Bacteria Reagent (Qiagen) which protetts Rom degradation. Total RNA was
extracted from Rz, R and S colonies grown on 0 2x Shieh agar plate cultures with
RNeasy® Mini Kit (Qiagen). If there was any remaigpigenomic DNA, DNAse treatment
with DNA-free™ (Ambion by Life Technologies) wasrdad out. RNA quality was verified

by running the samples on Agilent RNA 6000 Nangd#igilent Technologies) for Agilent
2100 Bioanalyzer (Agilent Technologies) and deteing the RNA integrity number (RIN)
for each sample. Only qualified samples (RIN ab8vé) proceeded to cDNA synthesis

immediately after RNA validation. RNA was reversarscribed into cDNA in triplicate
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reactions with iScript™ cDNA Synthesis Kit (Bio-Raatcording to the instructions from the
manufacturer. cDNA reactions with the volume off@@ontained: 1x iScript reaction mix, 1
ul iScript™ reverse transcriptase, and 40 ng ofptate RNA. Replicate reactions were

pooled and used as template in qPCR.
RT-gPCR

Each 20 pl gPCR reaction, run in triplicates, ciored 40 ng gapdh, glyA, gldG, gldH, gldL,
sprB) or 80 ng $prA, sprE, sprF, sprT and porV) of cDNA template, 0.5 umol of both
forward and reverse primers (10 pmol) and 1X iQ™BRYGreen Supermix (Bio-Rad) that
contained iTag DNA polymerase (25 U/ml). gPCR rieast conditions were as follows: 95
°C for 3 min, followed by 40 cycles of 95 °C for $0 Tm °C for 20 s and 72 °C for 20 s,
(melting temperature (Tm) was chosen accordingheo drimer pair (Table 1)). CFX96™
Real-Time System C1000™ and C1000™ Touch Thermalefy (Bio-Rad) were used in
gPCR plate runs on 96-well Hard-Shell® PCR plaBis-Rad). On each plate, two interplate
calibrator samples in triplicates were run to ndipeainterplate variation.

Primer-BLAST (http://www.ncbi.nlm.nih.gov/tools/pnier-blast/) was used to
design a primer pair for each target gene. Primasesl in this study are presented in Table 1.
Specific binding of each primer pair was testeccbgcking the amplicon length on agarose
gel and with melt curve produced by CFX Manager™itvare v3.0.glyA andgapdh has
been qualified earlier as valid and stably expmsseeachF. columnare colony type in
various nutrient conditions (23) and were thus us®deference genes to normalize the gene
expressions of gliding motility associated genesvdlie (51), that indicates gene expression
stability, was measured for the current datasetdfarence genagyA andgapdh using CFX

Manager v3.0 (Bio-Rad Laboratories).
Relative quantities

For the following data prehandling, GenEx versiod @ultiD Analyses) was utilized. Any
missing Cq value was replaced with the average fGig two gPCR replicates. IPC samples
run on each plate were used to minimize variatiemvben different plate runs. Efficiency for
each primer pair was calculated from a standardec(with CFX Manager version 3.0) and
Cq values were corrected with the efficiency witeach gene. The averaged Cq values were
normalized with reference genes and transformerklative gene expression with GenEx

version 6.0 (MultiD Analyses)
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Statistical analyses

The effect of colony type and nutrient level ondgig motility gene expression was tested
with ANOVA. Post hoc tests were bonferroni-correctdData forsprA, sprE andgldG were
log-transformed to fulfil the assumption of normaliand homoscedasticity. Statistical
analyses were performed with IBM® SPSS® Statistizs(IBM Corporation), except for
gldL (which could not be transformed to fulfil the asgiion of ANOVA) which was
analysed by ARTtool package in R (version 3.1.33).( Therefore, forgldL, pairwise

comparisons were not performed.
DNA sequencing of gliding motility genes in differat colony types

Genomic DNA ofF. columnare strain BO67 colony types Rz, R and S was extrafrtad
bacterial liquid cultures grown overnight in 1x &hmimedium at RT (115 rpm) using
GeneJET Genomic DNA Purification Kit (Thermo Sciat. The genes related to gliding
motility, T9SS or their regulatiorgldH, sprA, sprE, sprT, porV, genomic regions spanning
sprCDBF, gldFG and gildKLMN as well as partners of a putative two-componestesy,
porX andporY, were first amplified with PCR using genomic DNABD67 type Rz, R or S
as a template. The 20 ul reactions were perfornsgtguPhusion Flash high-fidelity PCR
master mix (ThermoFisher Scientific), with primesncentrations of 0.5 uM and template
amount of 1-10 ng per reaction. The PCR protocacdeed by the manufacturer was
followed, taking into account the differences innpr melting temperatures and PCR
product sizes.

The organization of the genes studied in RT-qgP&8&ay within operons was
predicted with DOOR2 (53, 54) according to the geeosequence oFlavobacterium
columnare ATCC 49512. The genomic region upstream of theipted operon was assumed
to contain the appropriate promoter region. Thetreps regions of operongldFG,
gldKLMN andsprCDBF, those operons comprising gergdH, sprA or porV as well as the
upstream region of gersprE (that was predicted to be expressed alone) wepgeseed in
B067 Rz, R and S types.

Prior to sequencing the PCR products were purifisthg Qiagen’s Qiaquick
PCR purification kit. Primers for the sequencingatéons were designed in 500 bp intervals
using VectorNTI v. 11.5.1 (Invitrogen), utilizingioshotgun sequencing results as template.
A BigDye Terminator v3.1 Cycle Sequencing Kit (Al Biosystems) was used for

sequencing the DNA fragments with Sanger sequent#ttnique with an automated
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sequencing instrument, Applied Biosystems 3.3Benetic Analyzer. The identity of each
base was determined with at least two good quaéBds. Basecalling was done using
Sequence Analysis 6 (Applied Biosystems). Geneesscp assembly and the alignment of
homologous sequences of different colony types wmegormed with Geneious 8.1.5
(Biomatters Ltd). The assembled gene and regulagigion sequences of Rz, R and S colony
types are found in GenBank (accession number iokbta);gldFG (MF278296),upstream
region of operon comprisinggdH (MF278297),gldH (MF278298),gldKLMN (MF278299),
upstream region of operon comprisirsgrA (MF278305), sprA (MF278306), sprCD
(MF278307),prE (MF278308),sprF (MF278309),sprT (MF278300), upstream region of
operon comprisingporV (MF278301), porV (MF278302), porX (MF278303) andporY
(MF278304).

Protease activity and ECP production in different rutrient concentrations

To study the effect of nutrient level on proteatyéictivity, BO67 colony types Rz, R and S
were cultivated in 0.5xN and 2xN Shieh medium afdul of bacterial culture (containing
1.4 x 18 CFUs +/- 4 x 10 S.E. on average) were spotted respectively onND@x2xN
Shieh agar plates containing 1.5 % skim milk (Mgrédates were incubated for 2 days at
RT after which the clear zone (indicating proteaasoduction) around the bacterial growth
was detected.

Extracellular product (ECP) samples were prepasdoliows: eight ml front-.
columnare Rz, R and S liquid cultures were added to 100 nfiilesh 0.5xN and 2xN Shieh
media. The cultures were grown for 19 hours. 100 afldense bacterial culture was
centrifuged at 4 °C (4500 rpm, 15 minutes). Theesnatant was first filtered through 0.45
pm Supor® membrane (Pall Corporation) and then eatnated with 10 K Amicon Ultra-15
Centrifugal Filter Units (Merck Millipore) at 4 °@ final volume of 2-3 ml. ECP samples
were divided in 500 pl aliquots and stored at -0 Protein concentration of the ECP
samples was determined using Bradford method (§3)nat standard curve made with
known amounts of bovine serum albumin (BSA). 500figach ECP sample (except 150 pg
of Rz grown in 2xN Shieh) was loaded on 14 % TeeBDS-PAGE gel. The gel was run for
24 hours at 90 V/30 mA and stained with Coomassiléiéit Blue solution.
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638 FIGURES AND TABLES

639  Figure 1.F. columnare BO67 colony types Rz, R and S growing on 0.5xN a2aN Shieh
640 agar plates.N refers to peptone and yeast extract concentiatidnich were either halved
641  (0.5xN) or doubled (2xN). See Figure 2 for the mealony sizes.

642

643  Figure 2. Growth characteristics ofF. columnare BO67 colony types Rz, R and S in

644  different nutrient levels. Mean colony size (+/- S.E.) of colonies growingGBx and 2x
645  Shieh agar platg®\). Maximum optical density (&q) (+/- S.E.) reached during a 65-hour-
646  liquid cultivation is presented as open cirdiB} Biofilm formation (Asgs) (+/- S.E.) after 44
647  hours is presented as filled squa(@s

648

649  Figure 3. Organization of F. columnare BO67 cells as microrhizoids on the edges of
650  biofilm. Rz colony type grown under 1x Shieh agar laygrand S type under 0.5xN Shieh
651 agar(B). Scale bars 10 um.

652

653  Figure 4. Relative gene expressions of gliding méty and T9SS genes (+/- S.E.) iR.

654 columnare BO67 colony morphologies Rz, R and S cultivated dh5x and 2x Shieh agar
655 plates. The concentration of all Shieh components was efihked (0.5x) or doubled (2x)
656 compared to the normal Shieh medium. For detatigtiscal analysis of the gene expression

657 results, see Tables 2 and 3.
658

659

660
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Table 1. Primer sequences and properties used in RJPCR study ofF. columnare.

Primer Sequence Amplicon Tm  Efficiency Reference
length °C) (%)

FC_gapl_fwd ACCATCCCAAACAGGAGCCGC 98 56 105.7 Penttineret al. 2016
FC_gapl_rev CGICTGCTGTAGGTACGCGCA Penttineret al. 2016
FC_glyA_fwd CCAAACCCTTGGGGCTATACAACCC 98 60 102.8 Penttineret al. 2016
FC_glyA_rev  AGAGGGCCTCCTTGATTACCTGGAA Penttineret al. 2016
FC_gldG_fwd AGCAGAAGCAGTGATGCAGCA 125 58 100.95 This study
FC_gldG_rev TGCCTTTGTAGGTAGCAATAGCCCA This study
FC_gldH_fwd CTTTGAAAACGGATGGCC 221 56 99.15 Klesiuset al. 2010
FC_gldH_rev CTTGCCCCATAAGACTTCC Klesiuset al. 2010
FC_gldL_fwd GCAAGCGCTATGCTTATTGCTGGT 131 58 101.4  This study
FC_gldL_rev GCAGTTGGTITGTCCCCCTGCT This study
FC_sprA_fwd GCAGAAAATGTTTGGCCCGT 162 60 99.95  This study
FC_sprA_rev ACCGGCAGITGCTCCATTAT This study
FC_sprB_fwd ACCAGCTGCTCCATGGTCAACTAC 157 60 100.1  This study
FC_sprB_rev CGAAGGTGTCGTAGGGGECCG This study
FC_sprE_fwd AGCCGTGCAGAAGATAAAGC 151 60 100.8 This study
FC_sprE_rev ACGCTTCTAATGCGGGTACAA This study
FC_sprF_fwd AGTCGTCAAATGGGGGCTAA 148 60 99.65  This study
FC_sprF_rev TCACGCTTCCATCAAAGGTT This study
FC_sprT_fwd AACCAGGACTGCATTACGGA 144 60 101.1  This study
FC_sprT_rev  GCTTGATGITACCTGIGCGIT This study
FC_porV_fwd GTGCCAACTCCTAAAACAGCC 152 60 96.85 This study
FC_porV_rev AAACCTCCTGGAGCATCACC This study
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Table 2. Statistical analysis of gliding motility ad T9SS gene expression .

columnare BO67 Rz, R and S colony types grown on 0.5x and 3kieh agar plates.

Gene Colony type Nutrient Colony type*
nutrient interaction
F df p F df p F df p

sprB 0.225 2 0.800 6.583 1 0.016 0.185 2 0.832
gldG 10.148 2 <0.001 0.5223 1 0.476 1.289 2 0.291
gldH 6.093 2 0.006 0.229 1 0.636 3.918 2 0.032
gldL 7.118 2 0.003 19.605 1 <0.001 5.912 2 0.007
sprT 3.063 2 0.063 0.469 1 0.499 0.519 2 0.601
porV 2.268 2 0.122 0.654 1 0.426 0.493 2 0.616
SprA 0.807 2 0.456 21.363 1 <0.001 4.433 2 0.021
sorE 11.647 2 <0.001 0.448 1 0.509 3.382 2 0.048
sprF 1.681 2 0.204 7.312 1 0.012 1.072 2 0.356
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Table 3. Pairwise comparisons of gliding motility gne expression betweehR. columnare

B067 Rz, R and S colony types and between growthrahtions 0.5x and 2x Shieh agar

within a colony type.

Gene Pairwise comparisons of colony types Nutrient 0.5x vs. 2x
Rzvs R Rzvs. S Rvs. S Rz R S

sprB NS NS NS NS NS NS
gldG <0.001 NS 0.004 NS NS NS
gldH 0.002 NS 0.009 NS 0.028 NS
gldL 0.0108 0.0087 NS NP NP NP
sprT 0.030 NS NS NS NS NS
porV NS 0.043 NS NS NS NS
SprA NS NS NS <0.001  0.019 NS
Spre <0.001 0.025 0.007 NS NS NS
sprF NS NS NS NS 0.041 NS

NS statistically not significant result when confidence level of 0.95 was used; NP: Not performed



