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Bioreactorprocesscconirol

A Goal
] Foads Agitator
I Ensure the success of a bioprocess A,,,ﬂ;;‘gf:’c',‘;;aﬁ 5“"}"‘“ /‘Gf;,gtg;t
I Adapt parameters in case of deviation — I 20
. . . . . Sterile Inlet Gases To
I Provide comprehensive information b s b
for understanding and optimizing the i oty
process Spanger Cooling Water Out
i Provideinformation for assessing the Jade-
guality of a process (Quality by Design) Baffie
= pH
& Temperature
A Traditional measurements N s Ovgen”

I Online: pH, pQ, T, agitation
I Atline: e.g. glucose
i Off-line: e.g. OR, products

Alford. AIChECEP (2009)

Most ofthese
measurementsare related
to the macroscopideatures
of the culturebroth!
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Syngadermentationsffor:itheproduction of PHA

K h ”‘

IIlIl '

Syngas
(produced from complex Biopolymers(PHA
organic wastes) Or precursors
Bioprocess
A Safety A PHA production (FCM)
A Gas composition (MFC) A Cell growth (FCW1
A Gas consumption/production

(MS)
A Anaerobiosigredox potential)
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Control and-monitoring of the /,syngasrcompasitiol

QICBiostream(Hiden) on-line mass spectrometer

A Powerful: can be used simultaneously for up to 48 gas streams
A Settings and calibration critical to get accurate data!
A The settings have to be chosen depending on the process (e.g.,low O

O2y OSYUNYGA2Y X0
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Contrel and-monitoring of the /syngasrcompaositiol

Fragmentation pattern of the analyzed gases

Key — Fragment mass
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Contrel and-menitoring of theyngasomposition

Calibrationprocedure

1. Background with argon
2. Calibration with ambient air

ﬁ E:Ca ;lljcg)) A Calibration with > 1 mixtures
A (Cal Ar) => The values have to be normalized
with a common gas (here,N

3. Calibration with syngas A The calibration gases should have a
A Cal CcO composition similar to the gas used in
A Cal H the process
A calCQ
A CcalN

Buckequation (1981)
& R [a 0@ (P&immyo& @ ™ 0) Jpp p CW(BQC Tﬁ’&&ﬁ"

(P in mbar and T in°C
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Contrel and-monitoring of the /syngasrcompaositiol

pure N, pure CO pure CO, pureH,

|

1

Verificationtest
syngas mixes
100 )
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Contrel and-monitoring of the /syngasrcompaositiol

Example3-step bioprocess for the production of PHA wifR. rubrum

A Syngas used as C source during tHst8p
A Measurement of exhaust gas concentrations by mass spectrometry
A Calculation of gas variation and total amount of gas produced/consumed

O W p
1 I3 r X e, \ \ \ O.m6
€ aegaQe —lw 5 = W p X
W o B h - | | — €02 (+3.9mol)
‘ £ 0004 I | —— H2 (+3.6mol)
S dE & O 0o o . DR = I | — CO (-145mol)
0 R o - h E. 0.002 - | |
c | |
. . 0 .
@) ® K 2
E 4éant —|o 5 —— o ; B 0 24 ad 2
W W = -0.002 A [
2 |
é -0.004 - |
'O 0 ¢ 0WudiQda & U oUDa € | |
W G&€amE T OWEE | auwxds Q QO ME @ | 0.006

time [h]

V  Ratio CQCO and HHICO (~ RQ for aerobic cultivations)
V  Carbon balance
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The redoxopotential (ORP)

Production of photosynthetic membranes iR. rubrum

Microaerobicgrowth in the dark on
et : fructose and succinate with ORP ranging

§ e $ -160mv from 0 t0-330 mV

034

=
I
i

Change of metabolic activity

A Growth rate
A Fermentation products (organic acids)

A H, production

PM production
APM [880660)

e

0.0+

v + v + - r r ~—— -
03 04 05 06 07 08 09 10 11 12 13 14
substrate uptake rate ratio
/

r T T
0 03 10 15 20 25 30
oxygen uptake rate

v [mmol(g bl"]

Cariuset al. Biotechnol Bioeng 110.2(2013)
S.Karmann
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The redoxopotential (ORP)

CO dehydrogenaseR( rubrun)

A D_imers Ribbon drawing of the CODH dimers
A Ni-FeS cluster (Ni-Fe'S clusters indicated)

A Enzymeactivity ORPdependent

A Molecule 1 Molecule 2

Initial CODH activity as a function of
the redox potential (n vitro assay)

1.0

e o o
Y - W~ -]

Fraction of active enzyme

e
o

100% active! inactive

Heoet al. PNAS 98.14(2001) Drennanet al. PNAS8.21(2001)
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The redoxopotential (ORP)

Example3-step bioprocess for the production of PHA witR. rubrum

1. Aerobic phase
2. Stop of the aeration => anaerobic phase
3. Start of aeration with syngas (anaerobic)

1 2 3
30 — 50
| >
. 50

25 - — =

! on tential | 150 =

- - _\\‘—1 | edox potentia | 250 8
—_ c
S 15 - | 350 g
2 | - 450 S
| , - 550 X

I - -650 o

0 e 750

0 24 48 72 96 120 144 168 192

time [h]
M. Romanino
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Flow cytometny: forrPHAquantification

=> Need for an reliable #dihe quantification method that can be easily implemented
in an automated sampling system

Nile red BODIPY 493/503

- lipophilic fluorescent dye - stain for neutral lipidsenvironmentindependent
- fast bleaching |:> - no photo bleaching

- crystal formation during storage

- broad emission spectrum - intense and sharp fluorescence

HsC CH: ¢cH,

== “‘x+ W
N\ N g N=
H¢ F7 F cH,

O 8] I'~|J/
seson
| -

R. rubrunstained with BODIPY 593/503
(PHA, green) and SYTO 62 (DNA, red).
Scale bar = 10 pm. (&armann

Madrid, 201609-09 Page 13
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Flowcytometry for PHA-quantification

Dual staining:
BODIPY 493/503 PHA and SYTO 62 DNA

- Elimination of false positives

(lipidic substrates, I_DHA released from _ Raw sample from
lysed cells, cells without PHA, cell debris) biapracess
- No washing steps necessary! v
fs ' 50% PBS,
1 u}ton to approx. 5 mM EDTA
10" cells per uL
Optimized parameters v 10 pg*mlL™
1. Dilution buffer: Add 5 pL staining <: BODIPY 493/503,
dH,0, PBS, 50% PB&C) Tris MgCJ mix to 500 uL SuM SYTO 62
2. EDTA w 1okl
3. Stainingime Incubation for 4-6
C min at 30°C S.Karmann
4. Stainingemperature R e (manuscript accepted in
ECM anatysis J.Microbiol Methods.)
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Example PHA production bioprocess witR. putida KT2440 on octanoic acid
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Example PHA production bioprocess witR. putida KT2440 on octanoic acid
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Example PHA production bioprocess witR. putida KT2440 on octanoic acid
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Example PHA production bioprocess witR. putida KT2440 on octanoic acid
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Example PHA production bioprocess witR. putida KT2440 on octanoic acid
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Flow cytometnyrforPHA quantification

Dilution to 10 cellsmL?

Dualstaining Determinationof
BODIPY 493/508 SYTO 62 A Totalcell count
A PHA content
Aseptic
sampling

Bioreactor Liquidhandling system Online flowcytometer
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Information sent to IRIS
(bioprocesscontrol system)
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A The measurement tools must belaptedaccording to the
OAZ2LINPOS&aa 6S®IP | SNPOAOKIF YIS

A At the R&D level comprehensive measurements
(as many as possild)aare essential to gain a deep
understanding of the process.

A Realtime or near reaftime data are necessary for a rapid
feed-back control.

A Communicatiorbetween the different measurement tools
and the control system is needed!
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