Adaptive control of glycerol & methanol feeding in
recombinant Pichia pastoris cultures. |mpact on antibody
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Abstract

Pichia pastoris processes for heterolougous protein expression are tiypiaa in three phases: a batch phase, an exponential fgéslilhkbatch phase and a long oxygen transfer limitati
(OTL) phase. The final protein titre is often limited by theygen availability in the OTL phase. In this paper, a dire@dgto/e controller is designed for the OTL phase. The col&rol
was validated in piloP. pastoris cultivations expressing a single chain antibody fragmg&ot&{). This work shows that the proposed controller canladgihe dissolved oxygen tensiol
(DOT) at very low levels (5 %) with high stability by maniptilag the glycerol feeding rate, thereby enhancing the omytgansfer at high cell density, which finally leads to a high
antibody titre.
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Results (continuation)

Pichia pastoris is currently viewed as a very promising host for heterol@protein expressicBH since iIJ
can be easily manipulated at molecular genetic level, itlagbility to express high levels of proteins, eithe 100 1,600
Intra or extracellularly and it has the capability to penfiogukaryotic post-translational modificatidhél. | 1,400
P. pastoris is normally cultivated in fed-batch mode in order to limietamount of substrate in the reactor 80_; 12005
being able to grow at very high cell densities with massivggax uptake requirements, turning the oxy[; :

transfer capacity into a critical limitation factor. - " 800
Once the maximum oxygen transfer rate is reached, regolatiDOT at very low values by manipulating the 40- 600

carbon source feeding is performed, which has been propmsseveral authok. N _: y 400
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Process control feeding strategy
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The control ofP. pastoris cultivation is based on carbon source limitation, basednmafor steps:

» Cultivation in batch mode with an initial substrate concatdn ~ 409/l — glycerol batch (GB) phase;
» Glycerol feeding according to an exponential profile — ghptéed-batch (GFB) phase; _
» DO control through an adaptive DO-stat feeding controllexygen transfer limitation (OTL) phase 800- . wor W4 3—200

1,000 250

<

D> < > >
GB : GFB | OTL

600 4

-
(€
o

A

>

(wd)) paads 1auns
g
>
$
’P

400 * A

N
o
o

Wet cell weight (g/l)
L 4
>
(1/6) yonpoud

L L L
(&)
(@)

200

T L A e s S s B S S S S S S S B S S S B S
0 20 40 60 80 100 120 140 160
Age (h)

T\ (b)
| Figure 2:Fermentation variables’ profiles: (a) stirrer speed (grele@®T (red) andk_a (blue); (b) wet cell weight (blue) and
| product (red).
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Figure 1:Schematics of the process control (through stirrer speedpulation) and fermentation phases. _ :
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In GB and GFB phases, dissolved oxygen concentration isaltad in cascade mode by:
» Overhead pressure between 80 and 500 mbarg to regulatévdd®xygen level to 95 % of saturation;
» Agitation rate between 320 and 1000 rpm to regulate the Wssmxygen level to 50 % of saturation.

At the end of the GFB, the stirrer speed reaches the maximuoe v 1000 rpm and DO starts to drop

thereby signaling the beginning of OTL phase. In this |gttegise, the aforementioned feeding controller|wi _ :
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Adaptive DO'Stat glycer OI feedl ng contr OI I er Figure 3:Absolute feeding (red) and specific glycerol feeding for D&t point of: 5 % (thin blue) and 0 % (blue).

Material mass balance: » Specific feeding close to the theoretical maximum (DOT = 0-%increase in productivity when
dCo dx compared with fermentations without such control

F
< = —VSOYO/S+ kra (C5 — Co) — Frim koF
M odel reference design: Conclusions
dx X" —X dx X" —X
at ~ g ~ » Adaptive controller derived, proven to regulate DOT at |lewdls;
» Maximisation of oxygen mass transfer by carbon source dnain;
» Increase of process productivity and final antibody fragnie.
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Controller equation:
F=0t)x+K{H)x" — F=0t)x+K({®x"
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» Decrease in pH- increase in productivity (inhibition of proteolysié) Acknowledgements

» Decrease in DO-set poirt increase in productivity;
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