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Major steps
In separating a protein product

Fermentation
Product : intracellular protein o
Filtration
‘_,r'j CellR — L and B Centrifugation
/ i_ cmw atand ) _——" Coagulation /
1. / oncentration Floceulation
Separation /
of Insoluble Ultrasonic Vibrators
Products, Cell Disruption French Press
Product ‘\\ Bead or Ball Mills
Concentration
(0.2 - 2.0%) \\\ Removal of Cell _ Ultracentrifugation
\"\. Debrs Ultrafiltration
,
/ Protein R\\
2. )_;" Prc-:jr-imfi.r.nn or S
Product / Aqueous Two- Other methods for
Isolation, Phase Extraction product isolation:
{removal of Liquid-liquid extraction
water) ‘\ Adsorption
(1-10%) \ ; -
Ultrafiltration f/f/
\ -
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Major steps
In separating a protein product

/ : N,
/| Chromatographic “‘-\'
/ . .
/ Purification \ Other methods for
3 ff \ product purification:
o ) / v Y Reverse Osmosis
Purification [/
Solvent Cross-flow
Removal of L / e
Contamin: 5 Precipitation / Ultratiltration
ontaminant / :
: . \\ / Electrophoresis
Chemicals, \ / E] fialvsis
(50 - 80%) \ — ) ectrodialysis
N Dialysis /
4.
Product — Other methods:
p‘;:‘.;,l,;::.a“r‘;",’ Lyophilization Crystallization
(0 - o)
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Primary factor
affecting separation
‘ Microfilters o __Cloth and fiber filters
Size Ultrafiltration Screens and strainers
< L e >

Gel chromatography

<
-

\

Reverse osmosis

Diffusivity - Dialysis "
= Electrodialysis
lonic lon exchange
charge - -
Vapour temperature. Distillation/freeze concentraﬂon‘
pressure - o

Solvent extraction
Solubility - Siven oxo »

Foam and bubble fractionation

A
v

Surface activity

P Ultracentrifuges
P Centrifuges -
Density __Liquid cyclones
P Gravity sedimentation
Angstroms (A) 1 10 102 10° 10 10° 100 107
Millicrons (nm) 10" 1.0 10 10? 10° 104 10° 100
Microns (w) 10 103 102 107 1.0 10 102 10°
Milimeters (mm) 1077 10°* 10 107 10° 102 107 1
| lonic_range | Macromolecular | Micron particle | Fine particle | Coarse particle
| | range [ range | range [ range

Figure 11.1 Ranges of applications of some standard unit operations. (With
permission, from B. Atkinson and F. Mavituna, Biochemical Engineering and
Biotechnology Handbook, Macmillan, Inc., New York, 1983.)
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Fitirsts Volums, cm?
o

EMect of filter akd

Effect of pH

1 | ]

Thae, minutes
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A =d

- AN 26 HA=ZLEH 100-0.1 um 32AD| L X 22
- AU SH B MEE (terminal settling velocity) &€
->&HA & =0
Fe=Fp + Fg
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i Centrifugation

Continuous Centrifuges

“Biochemical Engineering”
Blanch and Clark,
Marcel Dekker, 1997

? Cell-free liquid exit
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—_———,

(a) (b)
Tubular

———

Bowl or Disk
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Cell disruption

If the desired _ _
rFruezemmw . |
DdeUCt |S Intl'El- p | . I e A T T e o |
cellular, an . | Physical - ﬁ'ig:im [ Dyno & Colloid Mills 1
effective method} M L T,
to break open Solid [ BallMill )
. Medium - X Press & Hughes Press |
the cell wall is ) el e M S |

; Osmotic pressure change
needed in order § C |
to release the Edhﬁth“‘;;al [ Troatment with acid |
e 5

products. [ Detergents ]
{ Extraction with acetone/toluene |
o [Phage 1
f;::ﬁf;al [ Cell-wall digesting enzymes ]
| Agents which inhibit cell wall synthesis |
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‘B Cell disruption equipment

Exposure of cells to high liquid shear rates by passing cells through a

restricted orifice under high pressure
Product stream

rod for
“Biochemical Engineering " valve
Blanch and Clart, ‘ ad justment
Marcel Dekker, 1997
/ %
Cell i N\
suspension \
\Q;
D E C valve

A

impact
valve P handwheel

seat ring
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cooo.\l.ov.m.#.w!\:*
oL




CBNU’

i Concentration of product

Separation Objectives
+ Remove water from fermentation broth
* Dilute solute (product) — more concentrated solute

+ Often these steps concentrate chemically similar byproducts
(other proteins / biomolecules)

Separation Methods
A. Extraction (liquid-liquid)

B. Adsorption not very selective
C. Precipitation for desired product

None the less, these methods are often applied prior to purification

" CHUNGBUK NATIONAL UNIVERSITY
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Liquid-liquid extraction

Mass balance on a multiple equilibrium stages

Assumptions: dilute solute and immiscible phases (negligible change in H
“and L) and constant K.

Stage N, H(X, - X, )=L(Y, -Y,,,) ot X, = Xﬁf.+§r.,.

Since K, =;—"’ X=X, + LK)

A

(ys o orlX, =(I+E)X

Stﬂgﬁ N_ ]. X ff{zr_\-_l - /Y-_".'—j } = L{}r_l.._l _]_.'N } or

' ' L Y, Y.
o A Ny =Xy +— ¥y, —1y), SinceK;, = =X,
L il I e - 2 -—SS Jrir X_.'l.-_'l X_.!..
H - - J‘,:Kﬂ - Il/'
Xo X, X, J'L_,H_-_::J‘L_h_-_l-i——f{‘;__l—,'t\} with ‘LJ—H+.!E ;
> E \,
, Ik b
Yy A ’]‘*-'*—XHJ'E\ |{X-l Ny)=U+E) Xy —EXy
- N [ II'-I X, [1+E}{1+E}X EX_\.:[1+E}3X_.,,.—EX__,_..
xl'i—l . xu X Noa = (1+F+ E }_JL’_..,_-

) E."-+._1 ‘
AllStags, |X = o1 X, | seeFigurell9
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-._,-__-.__1""“-—__:__-._ Relates

= L] =

s Egwialiooe XX, to E

- and

a2

.= CONTINUOUS COUNTERCURRENT Number of

H EXTRACTION Stages , N.

bk Xa E1

' ®o  Ene1

2b

a6 '

Lol L8 1 aintl L1 1 a1l Hepreces Engmeering,
! 1002 003.004 00800801 02 03 04 06 081 23 4 587891 Concrprs”
T (AR LRF I,

Xn/Xe Prowiice Hall, 1002

Example 11.2 Penicillin Extraction using Iscamylacetate
L = isoamylacetate flow rate = 10 L/min
H = aqueous broth flow rate = 100 L/min
Kp=50, X,=20gl, X,=.19/L
How many stages are required to achieve this separation?

Solution: X,/ X, = 0.1/20 = .005
E = LK,/H = (10)(50)/100 = 5

From Figure 11.9, we see that the required number is stages is
between 3 and 4, call it 4 equilibrium stages.
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(1) -0 ==

< Podbielniak #&F&J|: ——> 18 11.11
<+ HLI&2elC F=&: OIZOtAIHEIOIE,

22 pHUIA SE-—>RII2000 &2 s5
<+ pHXEZ FE858 3l

< HEIE (selectivity): 0id] 20| US| B2,
SIS H], 845 220 48, 4! (11.35)
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Podbielniak
centrifugal
extractor

The separation

Is very rapid,
allowing for short
residence times
which benefits
unstable products

(especially pH-

sensitive antibiotics.

{b) Sectional view (coni"d).

“Bioprocess Engineering:
Basic Concepts ™

Shuler and Kargi,
Prentice Hall, 2002




Liquid-liquid extraction

Liquid-liquid extraction is commonly used, especially in antibiotic
fermentations to recover products from fermentation broth

Fermentation broth +

penicillin ~ /— Butyl acetate solvent
low pH

Fermentation broth - —

penicillin * Butyl acetate + penicillin

tral pH

Buffered phosphate
Aqueous solution

Butyl acetate

Purified aqueous drying step

Solution with penicillin

penicillin

N




FTrrrn

Liguid-ligquid extraction takes advantage of solute equilibrium
partitioning between the fermentation broth (heavy, H) phase and a
light (L) extractant phase.

T I'Il”l

K, :E, where K 1s a distribution coefficient

Y 1s the concentration, mass or mole fraction of
solute in the light phase

X 1s the concentration, mass or mole fraction of

1 !llllll’

solute in the heavy phase

KD Overall Distribution Ratio, Solvent/ Aqueous

B |

Higher K., higher selectivity (partitioning)

Partitioning is
a function of pH
for many solutes
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Gl AERH PEGS Ji==dl (MEX LS A0 SHEN o & 2E),
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3)8&

2) 2 2Z0M (T<-5°) RIIZ20H EIH 2|8t 2dl =
- R0 #EI}: 2o FEAE (dielectric cunstant) %‘*
- '.'Taé;-r
24 (255 SUAEZS ClEg SIOIMAH Ad HF&

3) SHEA

- S EQ| Ot &Eolx MXl &= pHe! SEEHWA &
- S®E: pl = 1/2(pK1+pK2)
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4) DIt

e3toll 28t P&
- Hl0I2d DEX: 9AER”, PEG
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Concentration of product ;
Precipitation

A very common first step after cell disruption for recovery of
intracellular proteins.

Water-protein interactions are key to understanding protein
precipitation / solubility in water.

Salting-Out
addition of (NH,),SO, or Na,SO, up to high concentrations — 1
to 3 Molar!
e COO™ -- NH,* salts exclude water from
a w the surface leading to
protel n) , protein-protein interactions

, and precipitation
\fA NH,* - SO, precip

i
I
1
Fl

CHUNGBUK MATIONAL UNIVERSITY



Concentration of product ;
Isoelectric precipitation

Belter, Cussler & Hu, 1988 Effects of pH on the charge
STRIIES .-.of protein.functional groups
#10 ., T
ik | L i
® N COOH — COO + H*
2 | |
O [
% 3
- |
A0 SN NSNS SN (S SN IS NN BN S |
0. 4




(5) =4 (dialysis)

S J1& (100<MW<500), 271012 (10<MW<100)
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. =

OO0 ﬂ_D_

Semi-permeable

Membrane
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(6) & &% (reverse osmosis)

- 8 : Nk BUAH L=k S0 BEA Ol —> sk S99
g Bt (4FL) — I8 11.19

- BEAFHI 4= (reflection coefficient): 10|83 & A BHAL (220 &3
SUGHA 2£3), 00|H &A™ S

- 0% B, X4, =2HH ¥ s=0 2, QGUHa F2A0= B8
MNE2SX 23

- = B3 HHO 0] 22

i

water

!
Semipermesble membrane
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(7) 8201 HUF) 2} 0| N0 2H(MF)

- 8k 2 XAl (molecular sieve)
- DIHId 2+ (MF): 0.1~10um &EtHI2I0H 2 22

- St (UF): MW 2,000 ~ 500,000 HCHEX 22

- HS8d |44 g2 S-4d8d, FHE S-AAS

- = A8 cellulose acetate, nylon, PTFE, PVDF, polysulfone..
- Al MNgtd, 2 =8,

oloF: S}SHAE o X

E’I-_I - = =T
- =SEE3 0 GHUY EXHets SV A =S5 2
- Olg BB RMZSE = STEI0 O BHHYE STIHAMSE (A
11.62)
—> 18 11.20
- BE = Z)p > BS B4, FHE % S, 2R 01
(0.1% =1t)

otdd, JHIE WX #3

Z0t0ll et ti==e = 214 (O3 11.16)
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Microfiltration / Ultrafiltration

« for particle size range ~10°to 10°m=d,
* purpose — to concentrate a cell suspension
— to recover dissolved solutes / proteins

Cross-Flow Filtration

“Retentate”
(concentrated suspension)
' l
1 Filtrate or “Permeate”
Feed Tank (dissolved solutes / proteins)
—_1
“__h 5
N " Membrane module
l\\ -

~ Microfiltration membrane




Modes of Operation

1. Concentration

2. One-Pass

.
-

|

>

v Retentate
Permeate
} Retentate

l

Permeate




(8) XI5 = UF, MF
— — |
- WXISE i, EFF )} UHOHY &8 S8 > 84 223 A
- 2 AG (RASE ) A 11.67) —> 18 11.22
AP=F,-F, . 5
Feed in—»'y ® oo 3042_1;3‘:9‘_}.03’2 @ —= Feed out
j_rz l;:__l {Concentrate)
Filtrate
- W A USIA0: A 11.70, 11.71 AP :P,.+Po _p
- Qe Al 11.72 M P f
= APM =PI.—%AP
Rg + Ry APyl EiTHRtE P,
HI2iel et P2 OlE 52 ANX BE 4 S
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UF rate

>UE2 HulsE
-——> @2 92l g 24g-->%2 HWiulss

o
0

Proteln
Concentration

L]
5 10 i5 20 APTM (p.ai)
5 1w 15 20 25 20 15 W 5 aPf {pai)

R, =0 pa.l., P varkss +H = 25 p.a.l. PR, varies




(8) 1 X5 Z UF, MF

< HHHI A= (rejection coefficient): & 11.73)

R= Cp —Cr
CB
0<R<1,R=1: 2&HH{Hl, R=0: HHHAH, &HE2 HE
T ME0 E+E R gt It — 18" 11.25
I f i I".'I‘
1 I. ,f’ ) . -'\.
ol .I.. fr(,,-f” I:-:-I—__ B B .:ll'..-
" :Vf - - % |r'IE -_.I'I.. i
_2; : - - { -\'E- B _._l_:l___,.:-"'._.l.i:-:'l':-l‘
VTR [
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;?‘; (hollow fibers): 81| 0}

ol 2 A o d A 28

*T#?'; (flat sheets): HIX & ot
WH 20, 0 =2 M 2
& ol 2 XIXIAH O S0 0
CHoH we B¢

— l:Hﬁ ?:._*?:.'i=I (spiral wound): &
O E8HAES SIHAISID| ol
PEE I A|AE

—

08 oz Fo

‘Mlmlm
HOLLOW FIBER CARTRIDGE
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Z 0 I (cross—flow filtration)

o]}

w Xt

=28
- =5 8% +8%022F 2 M
Ve E2

- dA: Sl A=NEg dd=S U JE=

- E40{ (diafiltration): &, &, 32
22 AT U, HE [HUEs EPHS E*OIS—JF EHX“

=T t_
St 1t (ultrafiltration)
— GO Al S A, 23 (pyrogen, 2HHICIOF HIZZEH O XA CIER), M &,
HIO|H A 22l
- 2248 XA (T=20-30°C, P=5-50 psi)OlAl &&

-0 =25, M8, HloH A, 248 E0|

Ol A4 2 (microfiltration)

- B2 B2 HEY S5, HIZSE HH

- Ea=cl UAl

rolu

H A S Of2




- SR

— EII-I:"

(>50nm)
- AN AHC A

- JIdl E= %Hd &9 o
—_ %EJEZF— : I:IH:—"Elzll-i al
0= Z &, -E—
- &% (adsorption):
- ZH (sorbent)

- 248 EFAM:

— Langmuir isotherm :

© 220 LA =

=i
mn
[
o
0

g (
728, )
=

= E= (absorption): 3XI2=

,EHE(mmmm

&4dE (=, 843 — O0IHI13),
micropore (< 2nm), mesopore (2 - Sﬂnm},

2w E=Al,

S22 H A Freundlich isotherm

C,=K,C;"
& 45018 gi=, monolayer &
abC
C, = L
1+bC;

macropore




(4) = X}
= ~ 1
]
Feed
DLI} c 0 Cio
SEEHE:
.ﬂ.d:nrp'rl-unI %
- X 3}1% (saturated zone), wone —
- 8219 (adsorption zone, MTZ), =
- 0I&&32%(virgin zone) G
—> 18 11.17 1 [
EL GL CLB
T ra) Effluent
M= 4 (breakthrough curve) . —
.E;: LE
2%
28
58 Cre
_———--!J
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(9) AZ0LE 24T
ol =

e sk= 018 — HFA
- MFAIZH0 Tet =cl

[¢)

(mobile, stationary phase)

- 0lSd, 18d
- J38d BH% &
> 18 11.27

L

Retention Time

awi | Buiseaou|
K]
OH

<l
I
o}

IH
D+
O
Rl
Ar
f)

5
Rl
4r

&l
_

Bioprocess Engineering |




CBNU”

S0tE 1 L]

|

ORA
oo Sru

zt 3 20t& 241 (adsorption chromatography, ADC): 2F8t van
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— -2 H =2H 2A20tE 2201l (liquid-liquid partition
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— IMAC (immobilized—metal—affinity chromatography): XIXIH EH0| &3t O
U= 2= 01201l CHoH A2 A2 O2 &gt 0|2, 259 Y2 H|E, EX
Aol THAH & 0|

- 224 320tE2241l (hydrophobic chromatography, HC): & &2Xt (0ll: &t
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- Nty A Z0IE eIl (high—pressure liquid chromatography, HPLC): =
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Product purification :
Chromatography

Contaminants often remain with product after primary
Isolation.

Chromatography: is the most important separation
method for biochemical products.

Basic Concepts:

1. Separation is based on differential affinities of solutes
toward a solid adsorbent material.
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2. Different kinds of affinity

* — electric charge --- ion exchange chromatography
— van der Waals force -+ adsorption chromatography
— solubility in liquid -+ liquid-liquid partitioning chromatog.
— solute size/diffusion --- gel filtration chromatography
* — receptor-ligand --- affinity chromatography
— hydrophobic interactions - hydrophobic chromatography
* most common usage
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attached to

stationary phase

Smail molecules
penetrate pores
of particles

® T Anion-exchange

® resin; only
anions can be
attracted to it

lon-exchange chromatography




CBNU’

| Chromatography

Bailey
and Ollis,
1986,
Fig. 11.22
molecular
sieve
chromato-

graphy
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(10) & )| H =(electrophoresis)
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(2) SDS-PAGE
6 hr
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gy

- 0|21 &2t (ion—exchange
membrane, |IEM): &2 T &EELQ| O
2 &1

Bioprocess Engineering |

Enriched

GonCarTotE

sireom

Desolted

product

Elactrode Elactrode

sirom
giramm
0, . H;
: .

l.ﬂ-mr-:lu 1 | | Certhade

Elecirode Elsciroda

taed fead
Produc feed
with aolt
Concenrole

.Lw gfraom

& = anian-wonsfar membrons

£ = cgrign=fronster membrane

Cus vy calion transfer memorana
¥ o® mracn

W' = cation

D" = diluting cell

L7+ goncenfrghng ceil




CBNU’

M2 0t2el SAH (233 HX)

Z A3} (crystallization)

-2 FNE MHAZ A0 U0 OFXIE S|

- &0 2128 SES SHHE XAZ Ot A20 A 23

- XN Z2AHG X2 Z2H2 AEHW 2o BEES=Z 0|IRHA

Characteristic zones of crystallization

New nuclei form Lablle e
spontaneously —

Path toward
crystallization

coollbn% and
evaporation

Concentration Metastable

. No crystallization
Growth of existing crystals, : occurs

Formation of new nuclei -

Temperature




M2 0t2el SAH (233 HX)

AXHNE A2 MHAE22H S00 A

- JZ2T AXD| (vacuum-—tray dryer): 8t 27| L] JIEE HEIEE 14, &2
3| 24!

- SZAHX (freeze drying, lyophilization): 20 U= EHOZEH S35 (2SS

Z2H SI12)0 2o == HAH

- SIME HAZXJ| (rotary-drum dryer): SJI1JI2 & SIS H
HOtOZO| MOl 2o =3 MAH, HXE ME=S2H
2H 22 30 28

- 28 XD (spray dryer): &S EHU0| SAMFE Soll J12E EIIZ EF

- JI®=84 AXI| (pneumatic conveyor dryer): 1 XHE £ AI12110 0| S Al2|
=0l = A
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Sl HH2 24X ZE: MHdE Mg ZAAIAH BHE =

22U AIE Jls > 3ol HdH820 Gist 884, 3l MEWH M4

|Z2 MHAdESE M&, MHAdSO HA 24X

@S, 92, UM S&AH EIF YA ==AH

ex) LSO HEtE FEHNZAN ECIREQAS (TBP) AR BIESD| AlAEH —>
Al= A (phase toxicity): f3te S22 829 A &2 -> S0
2 HHNICIBE A S2AE K, M2 K&, MXE JDAESH-> CHe M=2EHS )|
(multimembrane bioreactor)
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