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| Micro Ecological Life Support Alternative - MELISSA |

Non Edible Parts of Higher Plants
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| MELiSSA Compartment 1 |

1. Hydrolytic - .
bacteria Complex Organic Matter
2. Fermentative Carbohydrates
bacteria Proteins
\ Fats

3. H,-producing
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4. H,-utilizing
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[ Two thermophilic - acidogenic AMBR ]

- MELiSSA Pilot Plant (Barcelona) (Stored)
- BELISSIMA (VITO) (Stored)

- KUL C1 (Fresh)

- DRANCO (Fresh)

- Thermophillic AD (Fresh)

- Lignocellulosic AD (Fresh)

~460 days

Fresh + stored

« 5L

« 55°C
Running time: >1700 days . pH 55 Running time: >500 days
* HRT: 10 days

 SRT: ~80 days

* Feed: MELISSA mixture
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[ Microbial community analysis: META-OMICS & OMICS ]

Microbial
community

Y

DNA/RNA Sequencing

e

ESI-LC-MS/MS

Gene / protein expression

Strain isolation and omics ]

* -
v
- _,_,‘_f'- B f—

Microbial community profiling




[ Analysis of C1 microbial community ]

How stable?

Core microbiome?




(ﬂ

DNA analysis RNA analysis
(Taxonomy) (Taxonomy)
[ A [
RNA RNA RNA
[ 16 rRNA gene DGGE] 16 rRNA cDNA DGGE
M e s B B
[ Pooling of replicas ] Pooling of replicas
DNA RNA

DNA/RNA Sequencing : ﬁ z

[ 16S rRNA gene amplicon ] 16S rRNA cDNA amplicon

{ MiSeq 2x300 bp ]

* Universal primers (V4) * Mothur / QIIME analysis

* 165 DNAand cDNA * 100,000 reads / sample * Silva v128 16S gene reference database




Ghent-1 — Microbial evolution ]

DNA

Adaptation Semi steady state
(“3HRT) ~2SRT,
[VFAs] : )

v —_— I

RNA

Adaptation Semi steady state
(~3HRT) (~2SRT)

D-10 o7 D33 D146 D153 D160 D175 D181 D186 D288 D313 D497 D616 D774 D802

Days

U Dominated by
* Caproiciproducens
* Thermoanaerobacterium
*  Moorella / Lactobacillus

Differences between DNA / RNA

Genus

Caproiciproducens
Thermoanaerobacterium
Uncl. Ruminococcaceae (F)
Lactobacillus

Fonticella

Leuconostoc

Moorella

Uncl. Firmicutes (P)

Uncl. Peptostreptococcaceae (F)
Clostridum senso stricto 12
Mobilitalea

Mahella

Uncl. Bacillales (O)
Syntrophaceticus
Tepidanaerobacter

Bifidobacterium
Ruminiclostridium

| | Rest Genera



Ghent-2 — Microbial evolution ]

DNA

Adaptation Semi steady state

(~2HRT)

VFA] — N T~ "

(~2SRT)

RNA

Adaptation Semi steady state
(~2HRT) (~2SRT)

D21 Daz2 D70 D103 D131 D166 D183 D195 D211 D312 D340

*

U Dominated by

Caproiciproducens
Thermoanaerobacterium
Ruminococcaceae (F)
Fonticella

Differences between DNA / RNA

Genus

Caproiciproducens
Thermoanaerobacterium

Uncl. Ruminococcaceae (F)
Lactobacillus

Fonticella

Leuconostoc

Moorella

Uncl. Firmicutes (P)

Uncl. Peptostreptococcaceae (F)
Clostridum senso stricto 12
Mobilitalea
Mabhella

Uncl. Bacillales (O)
Syntrophaceticus

Tepidanaerobacter

Bifidobacterium

Ruminiclostridium

| | Rest Genera



Presence vs “activity”

* DNA = “presence”
* RNA = “active” (proxy)

RNA/DNA ratio: NGH:  SE

D-10 D7 D33 D146 D153 D160 D175 D181 D186 D497
Caproiciproducenens 0,4 1,0 1,0 1,1 0,9 1,0 0,7 0,5 0,5 0,7
Thermoanaerobacterium 0,3 0,8 1,8 0,3 0,6 0,6 0,9 0,9 1,0 1,6
Uncl. Ruminococcaceae (F) 0,5 1,1 1,0 1,0 0,8 1,2 1,1 1,0 0,9 0,9
Lactobacillus| 1,0 0,7 03 0,3 03 02 04
Fonticella| 1,2 1,0 1,0 2,4 3,0 4,1 2,8 2,0 2,4 4,4 |4um
Levconostor 00 INGENINT03 NG IIINGTIING TN o5 MO INGTIINGIN Ghent-1
Moorella 2,0 8,8 11,9 4,9 7,8 10,8 6,6 11,9 12,2 7,6 -
Uncl. Firmicutes (P) 0,7 0,9 1,7 1,0 2,1 3,2 1,6 1,4 2,1 1,7
Uncl. Peptostreptococcaceae (F) 1,0 1,0 1,5 0,9 0,8 1,0 1,9 0,9 1,7 1,5
Clostridium sensu stricto 12 1,0 1,7 1,4 1,0 1,0 1,1 1,5 1,1 1,1 1,2
Mobilitalea 1,8 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0
Mahella 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 2,3
Uncl. Bacillales (0)| 5,4 2,4 1.5 N 17 1,4 1,3 1,8 1,2 1,0
Syntrophaceticus 0,8 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,9
D1 D8 D21 D42 D70 D103 D131 D166 D183 D195 D211
Caproiciproducenens| 0,8 0,5 1,0 0,4 0,7 0,4 0,3 0,4 0,4 0,3
Thermoanaerobacterium| 1,6 1,4 1,0 1,6 1,1 1,1 1,1 1,5 2,3 1,2 1,0
Uncl. Ruminococcaceae (F)| 2,4 2,0 1,5 1,0 1,1 1,1 1,5 2,2 0,9
Lactobacillus| 0,8 1,9 0,2 0,6 0,4 0,3 0,5 0,7
Fonticella 2,1 2,0 0,5 2,0 1,0 2,8 3,7
Leuconostoc 0,4 0,4 1,0
Ghent_z Moorella 2,2
Uncl. Firmicutes (P)| 0,8 1,1 1,0 0,9 1,9 2,0 1,0 1,7 0,6 1,5 1,7
Uncl. Peptostreptococcaceae (F)| 0,9 1,1 1,3 1,3 1,1 1,0 1,2 2,3 0,9 1,0 1,1
Clostridium sensu stricto 12| 1,7 1,4 1,3 1,1 1,3 1,0 1,0 1,4 1,3 1,2 1,2
Mobilitalea| 3,6 2,7 1,1 1,0 1,0 1,0 1,9 1,1 2,9 1,2 3,3
Mahella| 1,2 1,2 1,9 1,5 2,6 1,1 0,8 0,8 1,1 0,9 1,8
Uncl. Bacillales (0)| 1,3 1,4 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,2 1,1
Syntrophaceticus| 1,6 1,3 2,6 2,8 2,1 2,0

11t 1

]



C1

Core microbiome

Ghent-1 DNA/RNA & Ghent-2 DNA/RNA

9%

m Caproidproducens
» Thermoanaerobacterium
® Unc_Ruminococcaceae_F
* Lactobacillus
M Fonticella
B Leuconostoc
Moorella
®m Uncl_Firmicutes P
®m Mobilitalea
» Mahella
¥ Uncl._Bacillales_O
B Syntrophaceticus
m Tepidanaerobacter

Rest



[ Validating a 16S rRNA gene based DGGE tool ]

2 months, expensive!!!

16S amplicon sequencing

H5= =% (DGGE)
— == = =% Denaturing Gradient Gel Electrophoresis

—— — — -

Who are they ? H
2 days, cheap!!!

Validating a 16S rRNA gene based DGGE tool for monitoring
— bacterial community composition & screening isolates



[ Validating a 16S rRNA gene based DGGE tool ]

Objective: Identification of DNA bands of C1 dominant species on DGGE

» Caprociproducens
\N » Thermoanarobacterium
* Fam. Ruminoccocaceae
» Lactobacillus _ 1
‘ * Fonticella
* Leuconostoc il
* Moorella

e 16S rRNA amplicon sequencing

| |




[ Validating a 16S rRNA gene based DGGE tool ]

[ Methods ] C1 community DNAs --/\-—xssrRNAPCR @ BT,
/

Ligate

E. coli bacterium

gene
injected into

the plasmid

Sequencing/BLASTn DGGE

Replicate inside the
bacteria

HE ER

HHHE L N

N BEEREH Recombinant — E. coli colony
| H =l plasmid inside IS

the bacterium s
== =1 i j; / Many copies of the
7] =8 S ! ? | recombinant plasmid
o 111
EB® !!‘ O O

I
I



[ Validating a 16S rRNA gene based DGGE tool ]
[Results]

- 19 positive colonies analyzed by DGGE

. — Thermoanaer terium thermosaccharolyticum
Sequencing =<« The 0(-1 .ae obacteriu ermosa y
—) &L, Caproiciproducens

BLASTN

—. «— Fonticella tunisiensis

== « Leuconostoc mesenteroides

» Caprociproducens
» Thermoanarobacterium
* Fam. Ruminoccocaceae
» Lactobacillus
‘ * Fonticella
* Leuconostoc
* Moorella

» The same dominant/potentially keystone species
identified on by 16S rRNA gene amplicon sequencing

* 16S rRNA gene based DGGE translates 16S rRNA gene
amplicon sequencing data

« Some dominant species were identified at species level




[ Community analysis of long-term operated C1 Ghent reactors ]

Ghent-2
2 2 aef
130 o IR0 o0 50 () TSPy 50 20
L i
—— b s !_! = = == m=<«—T thermosaccharolyticum ___ |55 55 o o5 =
- o= I == == = =
— N — B B u é' =t E<7 C. galactitolivorans——— gmm e oy == é

> e

I
l
!

we «— F tunisiensis ———»

!

|
1
\
!
i

ww <« L Mesenteroides ——»

|

C1 is a highly stable community with 4 dominant genera:
Thermoanaerobacterium, Caprociproducens, Fonticella, Leuconostoc
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Isolating dominant/keystone species in C1 community



[ Isolation of C1 dominant/potentially keystone species ]

[ Methods: Isolation of anaerobic bacteria ]

107 102 103 104 10°

anoxic water

1ml \\‘
= = //
100-200 pL \ Incubating

/

\

i

288
/

Screening l

Culturing )

DNA extraction

Sludge from
bioreactor
ENEE B o
HRREFERERE
Hﬁgi :
EE] _ﬁEﬁ_!LL DGGE <
-eelt

i Sequencmg

whid &7

TCTGGTCTTATTTCC




[ Isolation of C1 dominant/potentially keystone species ]

[ Summary of isolated strains ]

Isolated conditions Reference conditions
Isolated strains Classification

pH T(°C) Optimal pH Optimal T (°C)
Thermoanaerobacterium thermosaccharolyticum 5.6;7.0 55 5.0-6.5 50-60 Strictly
Lactobacillus coryniformis 5.6;7.0 25; 40 5.5 25-40 Facultative
Lactobacillus harbinensis 5.6 40 37 Facultative
Lactobacillus otakiensis 5.6 25 4.0-8.5 30-37 Facultative
Lactobacillus paracasei 5.6;7.0 40 6.2 37 Facultative
Lactobacillus plantarum 5.6 25 5.0-8.0 25-37 Facultative
Bacillus paralicheniformis 7.0 40 7.0-80 37 Facultative
Bacillus coagulans 5.5 37 5.5-6.5 35-50 Facultative

Caproiciproducens sp. 5.5 55 30 5.5/7.0 Strictly




[ Isolation of C1 dominant/potentially keystone species ]

[ 16S rRNA gene analysis of Caproiciproducens isolate MDTJ8 ]

0 16S rRNA gene of Caproiciproducens isolate MDTJ8
= 100% identity with 1 cloned 16S rRNA gene and extracted sequence from 16S sequencing
= 94.8% identity with

= Caprocibacter fermentans strain EA1 (Flaiz et al., 2020)
= Caproiciproducens sp. 7TD4C2 (Esquivel-Elizondo et al., 2020)

» 93.6% identity with Caproiciproducens galactitolivorans strain BS-1 (Kim et al., 2015)



16S rRNA gene analysis of Caproiciproducens isolate MDTJ8 ]

- |— MDTJ8
Cap 16S rRNA seq
| Clone 36
91% Ruminococcaceae bacterium strain cell (MN393592.1)
— Ruminococcaceae bacterium strain NJN-50 (MN393591.1)
87% 82% Caprobacter fermentans strain EA1 (MN851263.1)
77% |  Caproiciproducens sp. strain 7D4C2 (MT056029.1)
— | Caproiciproducens galactitolivorans strain BS-1 (NR 145929.1)
83% 86% ——  Clostridium sp. MB2-A37 (KT935669.1)
—— Caproiciproducens sp. strain cel11 (MN393596.1)
Caproiciproducens sp. NSJ-41 (MT905216.1)
88% r Clostridium jeddahense isolate JCD (HG726040.1)
81% L Clostridium sporosphaeroides (M59116.1)
Clostridium leptum strain DSM 753T (AJ305238.1)
Megasphaera hexanoica strain MH (KX021300.1)

81%

79%

91%

0,050 . . . g
IMDTJ8: a new species of Caproiciproducens or a new genus of Ruminococcaceae



[ Isolation of C1 dominant/potentially keystone species ]

[ Analysis of Thermoanaerobacterium isolates ] T. thermosaccharolyticum

A
[ |

T. thermosaccharolyticum is the most dominant bacterium in the C1

.

» Different DNA profiles of T. thermosaccharolyticum on DGGE

‘i

» Different strains?
» The same strain: more than one copy of 16S rRNA gene?

I

Further investigation: whole genome sequencing analysis

-

| e
[ 4!
==

I =

AR\

-»

-1



| Conclusions |

0 C1 core microbiome: Caproiciproducens , Thermoanerobacterium,
uncl. Ruminococcaceae, Lactobacillus, Fonticella, Leuconostoc,

Moorella

0 C1is a highly stable community

0 Three dominant anaerobic bacteria were isolated
» Thermoanerobacterium
» Caproiciproducens

> Lactobacillus



[ C1 study progress ]

[ Yesterday J

Future

_

Who is in there?

Caprociproducens
Thermoanarobacterium
Fam. Ruminoccocaceae
Lactobacillus

Fonticella

Leuconostoc

Moorella

. O,
MELiSSAfeed  \/rp

NH4*

A robust community

Who is doing what?
How are they doing it?

Biological metabolic model
- Metabolic interactions

(o N

+* Microbial information
= Keystone species
= Function
= Biomarkers
+* Microbial network information

K = Species interactions j
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