
SOME TOPICS WITHIN

BIO REACTION ENGINEERING .

→ KINETICS OF ENZYME -

CATALYZED REACTIONS

ELEMENTARY STEPS

STEADY - STATE APPROXIMATION

FITTING OF DATA TO

NONLINEAR EXPRESSIONS . -

→ IMMOBILIZED ENZYMES

'EE:;o⇐wro
✓ ENZYME DISPERSED

INSIDE

⇒ THIELE MODULUS

PROBABLY NOT 1ST ORDER

KINETICS
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THE BACTERIA

WOULD BE USED FOR

A SPECIFIC

FUNCTION

= REMOVE NITRATES

FROM GROUND

WATER

g-
PACKED 0008

BIOREACTORS ALMOST

000 ALWAYS HAVE A
BED 0000
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HOW MUCH "TROUBLE
"

YOU ARE WILTING

TO GO THROUGHTO

MAKE SOMETHING

DEPENDS ON

VALUE OF

product ! !

For "
CHEMICALS

4

RANGE IS NOT

LARGE

STANDARD CHEMICALS

& PHARMACEUTICALS
FROM CHEMCAL

PROCESSING

$ n M .

W
.

-

MOLE





BIOREACTORS For CHEMICAL

PRODUCTION

→ Ferment. 1271%7:;]
GLUCOSE → ETHANOL

- COMMONLY BATCH

BUT IF CSTR →
" CHEMOSTAT

"

- HAVE TO KEEP CELLS ALIVE

TO PRODUCE PRODUCT

-
CELL MASS WON'T BE

CONSTANT

→ AS MENTIONED ABOVE :

WILL HAVE GAS ABSORPTION

PROBABLY AIR



RECALL Wg = of DP

of
→ VERY LARGE

DP → SIGNIFICANT For A

BIG REACTOR

BOBBLE SIZE f AS APT

FOR INJECTOR .



\

COULD USE A CSTR

WITH IMMOBILIZED ENZYME

( SPHERICAL BEADS )

- ENZYME REMAINS IN REACTOR

- GROWING CELLS
,
HAVE TO

WORRY ABOUT " WASHOUT
"



A COMPLETELY DIFFERENT

TOPIC IS PHYSIOLOGICAL

OR PHARMACOLOGICAL

MODELING .







USE OF MAMMALIAN

CELLS TO PRODUCE

"

BIOLOGICAL
" MOLECULES

(URGENT

PRODUCTS
-

- VIRAL VACCINES

- MONOCLONAL
ANTIBODIES

- INTERFERONS

- RECOMBINANT

THE APEOTIC

PROTEINS

STILL EMERGING
-

TH SSUE ENGINEERING

FOR REPLACEMENT

OR THERAPEUTIC

TESTING

GENE THERAPY



"

MESSAGE
"
IS THAT WHILE

THERE ARE BENEFITS TO

KNOW IN G ( SOME) MOLECULAR

- CELLULAR BIOLOGY
,

KEY DIFFICULTIES IN

PROCESSES CAN BE OVERCOME

WITH THE STANDARD TOOLS

THAT ALL OF US

CHEMICAL ENGINEERS

pos Ess . ! !





VIRAL VACCINES
i

-

POLIO , HEPATITIS
B
,
MEASLES

HUMAN ( mumps
,

VETERINARY RUBELLA
,

RABIES
,€0 OTT MOUTH DISEASE



PRODUCTS ARE PRODUCED

IN ' ' BIOREACTORS
"

Z L → 20,000L

SPECIFIC MANUFACTURING

DIFFICULTIES !

→ GETTING APPROPRIATE

CELLS TO START PROCESS

- SLOW GROWTH RATES

12 - 24 he DOUBLING

TIMES

- LOW PRODUCTIVITY OF

products

wF-kwoW A - SENSITIVITY TO SHEAR

LOT ABOUT
STRESS BECAUSE OFTHE

THIS ! ! ! LACK OF A CELL WALL

- COMPLEX GROWTH MEDIUM

* ! ! ! ! ! - SOME KINDS NEED TO

GROW ON A SOLID
't
SURFACE











FLU "
VACCINE

"

HAS LONG BEEN PRODUCED !

T
CHICKEN

EGGS




