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Rhodospirillum rubrum

v High metabolic versatility (chimioheterotrophy, photoautotrophy or photoheterotrophy)

v Assimilation of a wide range of carbon source

Volatil fatty acids (VFAs)
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Implication in MELISSA loop
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Implication in MELISSA loop

The ethylmalonyl-CoA pathway (EMC) 5
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Leroy, B., De Meur, Q., Moulin, C., Wegria, G., & Wattiez, R. (2015). New insight into the photoheterotrophic growth of the isocytrate lyase-lacking purple bacterium
Rhodospirillum rubrum on acetate. Microbiology (Reading, England), 161, 1061-72.



Implication in MELISSA loop

Hypothetical pathway

CO, Pynwate CoASH CO,
Rru_AQ4670 Rru_A23987]
NADPH + H a4  A23980]
NADP -} Rru0K08 CoasH ~| RUATHER AMP  ATP
+PPi CoASH
(R)-2,3-Dihydroxy-isovalerate Acetoacetyl-CoA « A S— Acetoacetate
NADH + H* Ry A8 NADH + H*
Rru_A17862 ™ reu_a30798 Ry_A10578
NAD" ~| NAP
2-Oxoisovalerate (S)-3-Hydroxybutyryl-CoA  napeH + 1 s . (R)-3-Hydroxybutyrai
e | Ru_A22230 AcetytCoA~] Ru_A1471°02 _AD2T3 A3356
: Ru_A05088 Ru-A127T Rny_A3801° NADP* HO e
_| Rnu-A10408 Acetate Redued 10 Rn-AZ2830
kY Poly((R)3-
Ru_ATE3S B Cmy' Rru_A2964 MMCOA Ru_a2413n Hydroxybutate)
T
jlg?g:ﬁ i MIHH"\ Rru_A30638 Ru_AZ8170
: NADP" -3
(lsobutyryl-CoA Mutase)
Rru_A1835'8 Rru_A15728 Fold Change
Reduced ETF ~] Ru_A1945°8 -
<0.25 <0.5 <066 <15 <2 <4 >4
Methacrylyl-CoA (2R)-Ethylmalonyl-CoA
H,0~| Rru_A3801"( FAD~ o A30E28 (©: P-value <0.05)
FADH2 -]
(S)-3-Hydroxyisobutyryl-CoA (2S)-Methylsuccinyl-CoA
HON ru Atenn Ru_A30640 Malate
CoASH B - ™
)-3-Hydroxyisobutyrate Mesaconyl-CoA H Reu_A2206(/
S Imu_mz(n': 0 Ru_A21200
NAD™ oy At8338 HO~] Ry_A1201 Malyl-CoA Fumarate
NADH + H - -
1 Ru_A12030
(S)-Methylmalonate semialdehyde Methylmalyl-CoA W,Inm_mw.. Ruatzen
* RnA1205()
CoASH  HCO, Glyoxylate Succinate
NAD'  NADH + H' e Rru_AD217¢ ATP
Acaty-CoA ~ 19270
Propionyl-CoA yico. aoe Ru A
RAen i R |
- ——»(S)Methylmalonyl-CoA—» (R)-Methyimalonyl-CoA——— Succinyl-CoA
! Rry_A15720) Rru_A2479(]
NAD®  NADH+H' e =
N, Methylmalonate
Rru_A02857 621-

New perspectives on butyrate assimilation in Rhodospirillum rubrum S1H under photoheterotrophic conditions. De Meur Q., Leroy B., Wattiez R.. In preparation for5
publication in Microbiology.



Outcome of MELISSA project collaboration

Succinate Acetate
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Polyhydroxyalkanoates (PHA)

Leroy, B., De Meur, Q., Moulin, C., Wegria, G., & Wattiez, R. (2015). New insight into the photoheterotrophic growth of the isocytrate lyase-lacking purple bacterium6

Rhodospirillum rubrum on acetate. Microbiology (Reading, England), 161, 1061-72.



PHA a promising solution ?
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How to reduce production cost ?
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What are PHAs ?

» Accumulation inside granules
» Granules formed by phasins
» Another nutrient (N, S, P) is limiting

» Stock of energy, electron and carbon

Succinic acid Butyric acid Acetic acid
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What drives the PHA accumulation ?

Use of reduced carbon sources

Redox state
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Bond-Watts, B. B., Bellerose, R. J., & Chang, M. C. Y. (2011). Enzyme mechanism as a kinetic control element for designing synthetic 10

biofuel pathways. Nature Chemical Biology, 7(april), 222-7.



What drives the PHA composition ?
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Rhodospirillum rubrummetabolism
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Valeric acid assimilation - Hypothesis

The ethylmalony(-CoA pathway (EMC) 5
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Valeric acid assimilation
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Valeric acid assimilation - First characterisation
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Valeric acid assimilation

ODgsgonm
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Valeric acid assimilation - Pathway used

methylsuccinyl-CoA

mesaconvl -CoA

Identified
Peak name Enzymes RefSeq Locus Tag  p-value  Fold change Val/Succ peptides
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Valeric acid assimilation - Pathway used

Use of itaconic acid
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OMS—CoA

Osuc:mvi—CoA
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Valeric acid assimilation - Pathway used
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Valeric acid assimilation - P(HB-co-HV) production

Identified
Peak name Enzymes RefSeq Locus Tag p-value  Fold change Val/Succ peptides
5 Polyhydroxyalkanoate
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Impact of light intensity on PHB production in presence of acetic acid

5- -15 3
o
4- - h/f;q"‘l 8
*%k :
= -10 ®
g 3- ke k Il 3
IR —-s
S 4 || A
- 5 ‘2
1- i 2
" ’ ®
v m:ﬁ : ﬁmﬁ Q
0 = = : c 0 g

0 100 200 300

Time (hours)

0 10 umol photon/m? s

7 50 ymol photons/m? s
0 150 uymol photon/m? s

21



Industrial project goals
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Thank you for your attention

23



