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Generation of a histidine-tagged antibotulinum toxin antibody
fragment in E. coli: effects of post-induction temperature on
yield and IMAC binding-affinity
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Recombinant E. coli clones expressing a 50-kDa poly-histidine tail tagged antibody fragment against botulinum toxin
(bt-Fab) were initially screened for yield and binding affinity. One clone was selected for bioprocess development.

The selected bt-Fab vector was induced by addition of IPTG and the protein was targeted to the periplasm by
inclusion of a pelB leader sequence. A histidine ¢ affinity ligand at the heavy chain C-terminus facilitated single-step
purification by immobilized metal-affinity chromatography (IMAC). Notably, the effects of post-induction temperature

on bt-Fab expression and downstream purification were evaluated. Our results demonstrated that fermentation con-
ditions interfered with purification on the IMAC column at 37 °C. Protease analysis by gelatin polyacrylamide gel
electrophoresis (GPAGE) indicated the presence of a membrane-bound ~39 kDa protease activity shortly after induc-
tion. The appearance of the protease activity was inversely correlated with the bt-Fab yield. The protease was pur-
ified and was shown to degrade bt-Fab. A simple kinetic model was developed describing temporal regulation of
protease and bt-Fab degradation. Partially degraded bt-Fab was unrecoverable by IMAC, presumably due to the loss

of the His ¢ affinity ligand. The amount of purified bt-Fab obtained per liter of fermentation broth was typically ~1 mg.

Keywords: Fab antibody expression; E. coli fermentation; immobilized metal affinity chromatography (IMAC); proteases;
botulinum toxin; temperature sensitivity

Introduction globulin libraries and subsequent production of the desired

- . . . clones takes little time relative to hybridoma technology.
Antibodies are widely used in many applications such as Using a combinatorial phage display library, Emaneel

affinity purification, immunodiagnostics and immunothera- 113 . - :
; . : . X ; roduced a recombinar. coli library expressing a
peutics. The high costs associated with antibody productloﬁogk}ggl Fab antibody fragment against >l/30tupl)inum r?euro-

by conventional _hybndoma technolog_y or b_y mammaharjtoxm serotype B (bt-Fab), a potent neurotoxin produced by
cell culture remain a major drawback in their usage, Partivne bacteriumClostridium botulinum Initial screening of
cularly in applications such as immunopurifications where 9

large quantities of antibody are required. Although theﬁZio%%rgglm%[r?-rngIrtc))rtg:()i/nyé)erlc()jti?nglg?(tar?et?g)tir:v ?:(r)em?)tl)éi ;[rc:
expression of antibodies . coli offers a low-cost alterna- . o

i i e .._a manner similar to monoclonal antibodies produced by
tive, the lack of post-translational modification and its . . . ; X
potential impact on protein folding and bioactivity are conventional hybridoma fusions. By altering the biopan

! ; > : .~ “.ning selection process, clones encoding antibodies that
inherent disadvantages of eukaryotic protein expression 'npecifically recognized the neurotoxin component of the

this and other bacterial systems. However, recombmar@otu"num toxin complex were isolated from the combina-

gqngnolingg\llcﬁign e“g\rlzrr'eﬁ beirggrl:](;e?u s||r:) nts)ai(;]tetrr:ilu %f:]eer CZ ﬁorial library. The bt-Fab gene insert was excised from posi-
J 9 y ive clones and inserted into a pHist vector, which is a

generate a large number of clones with a range of epitopige o rint phagemid, modified to contain a linker enco-
specificities while single fusions give limited epitopic . " hictidines at the C-terminus of the heavy chain
specificities despite extensive immunizations and adequa%h '

; . e addition of a histidine tail facilitates recombinant pro-
immune responses. Therefore, by controlied selection Oein purification by immobilized metal affinity chromato-

antibody specificity, recombinant immunoglobulin libraries gaphy (IMAC). The plasmid vector also contained et

:,Cittr)]a%teegi?e%ans Sgcziaf(ijg/iggéa?ﬁ:tuil]); ;Sﬁgtt%lesoplu?)tsesirglf s\llﬂﬂ eaqelr sequence forhtranslockj'ting the bt—][:ellg_ tOEhedoLii_ I

. : ; : _periplasmic space, thus enabling proper folding and disul-
hybridoma fusions. Moreover, the generation of immuno fide bond formation. These clones were then screened for
expression yield and because the bt-Fab contained the histi-
dine affinity tag, they were rescreened for neurotoxin bind-

_ _ing affinity.
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abnormally folded and the properly folded product within taining 1 L of phosphate-buffered LB° pH 7.2, 50ug
the periplasm [4]. In addition, secretion of antibodies intocarb mf*, were inoculated with the 50-ml starting culture,
the oxidizing environment of the periplasm can lead to antigrown at 28C until the absorbance at 600 nm wavelength
body aggregation and precipitation [23]. Nonetheless, perfAgqy) reached 1.0, induced with 1 mM IPT@¢ promoter
iplasmic secretion systems using various promoters haveontrol) and then grown at 26 for 60 h. Cells were har-
been used successfully for the expression of several Falested by centrifugation, resuspended in 50 mM sodium
molecules and miniantibodies i. coli [1,2,8,10,17]. phosphate buffer (pH 7.8) containing 2 mM serine protease
These have given yields ranging from low milligram to inhibitor, phenylmethylsulfonyl fluoride (PMSF), cracked
gram levels of antibody per liter of media prior to purifi- by sonication, and the debris-free cell supernatant was
cation. obtained by centrifugation (3000g). Cell supernatants
High levels of heterologous protein expression in bacwere analyzed for the presence of bt-Fab by SDS-PAGE
teria are often complicated by factors such as inclusiorand Western blotting as described below. Cell supernatants
body formation, cellular toxicity due to the accumulation of clones testing positive for bt-Fab were purified by IMAC
of foreign proteins and the degradation of desired productchromatography and the concentration of the purified bt-
Degradation of heterologous proteins by intracellular pro+ab was determined as described below.
teases has been observed in several expression systems
[5,6,9,11,14]. The stringent stress response and the he&ermentation conditions—induction temperature
shock response, two defense-related cellular responses, atidy
known to induce proteases . coli [15]. Stringent stress Inocula were prepared from glycerol stocks in 1-L baffled
responses are triggered due to nutrient deficiency. Hedlasks containing 500 ml of 1% glucose/tB/pH 7.2 at
shock responses are triggered due to elevations in temperd?°C and 300 rpm until the &, reached 3.0. The 14-L
ture, although heat shock proteins also appear during thilicroferm fermentors (New Brunswick Scientific, Edison,
stringent response. Overexpression of heterologous proteimé], USA) containing 10 L of phosphate-buffered #8 pH
can elicit product-degrading proteases [5], and lower tem7.2 were inoculated with the 500-ml starting cultures and
peratures and the avoidance of stress responses can givaintained at 37C until the Agooreached 1.0. At this point,
rise to higher heterologous protein yields [4,21]. This haghe cells were induced with 1 mM IPTG and the tempera-
been attributed, in part, to a reduced protein production rateure was immediately shifted to a test temperature. Three
which prevents the saturation of the transmembrane antémperatures were evaluated: 25, 30 andC37The dis-
folding processes, and thereby reduces the formation of pasolved oxygen level was maintained above 30% and the
tial and misfolded proteins which are open for proteolyticAgoe Was monitored throughout the fermentation. Cells
attack. were grown for 60 h after induction and two 30-ml samples
We present the screening and selection of a recombinantere removed approximately every 5h for analysis. The
E. coli expression clone from the set of pHist clones genersamples were centrifuged and the cell pellets were obtained.
ated above, the rapid development and scale-up oE.an
coli anti-botulinum bt-Fab production process that employsPurification
a one-step IMAC purification process, and the control ofA Bio-Cad chromatography controller (Perseptive Biosys-
fermentation conditions to minimize product degradation.tems, Framingham, MA, USA) was used for the protein
Specifically, post-induction temperature and inducer conpurification. The pH of the crude cell supernatant was
centration were varied to examine the effects of bt-Fab proadjusted to 7.8 and the sample was centrifuged at
duction rate on the yield of bt-Fab. Additionally, the rela- 10 000x g for 30 min to remove particulates. This material
tive activity of a protease increased significantly uponwas loaded onto a Rii-NTA Sepharose metal-affinity chro-
overexpression. Previous reports on this protease have demmatography column (Invitrogen Corporation, San Diego,
onstrated its upregulation upon overexpression of chloram€A, USA) pre-equilibrated in phosphate-buffered saline
phenicol acetyltransferase and during the stringent stre4$BS, 50 mM NaHPO/500 MM NaCl, pH 7.8) and
response [7,21]. In this work, this protease was found inwashed with PBS until the absorbance at 280 nm wave-
the membrane fraction and was subsequently purified angéngth (A9 reached a stable baseline value of approxi-
shown to degrade the bt-Fab in incubation experimentsmately 0.05. The column was further washed with five col-
Moreover, an inverse correlation between the protease angmn volumes of 5 mM imidazole in PBS pH 7.8. Bound
bt-Fab was revealeduring the fermentation through the bt-Fab was eluted from the column with 150 mM imidazole
construction of a simple mathematical model. in PBS pH 7.8 as shown in the Results. Column elution
fractions were analyzed by total protein determination,
Materials and methods SDS-PAGE and Western blotting.
Analytical
Strains, plasmids, and clone evaluation
LBca™® plates ofE. coli XL-1 blue host cells (Stratagene, Sample preparation: Cell pellets were resuspended in
La Jolla, CA, USA) containing bt-Fab candidate vectorsPBS, at a ratio of 3 ml buffer per gram wet cell weight.
were provided by Dr P Emanuel [3]. Inocula were preparedSample sets for Western analysis were mixed with the pro-
from single colonies in 250-ml starter flasks containingtease inhibitor, PMSF, to give a 2-mM PMSF final concen-
50 ml of 1% glucose/LB"/pH 7.2. The shakers were tration. Sample sets for gelatin PAGEs (used for protease
maintained at 300 rpm and 3Z. Baffled 4-liter flasks con- detection) had no protease inhibitors. Cells were cracked
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by sonication (3 min, pulsed, Branson), centrifuged at500 mM NacCl), sonicated for 2 min, and mixed for 1 h.
10 000x g for 20 min and the debris-free cell supernatantsThe suspension was centrifuged at 150 8@dfor 1 h. The
were obtained. supernatant was saved and labeled ‘weak’ fraction for later

assay, the pellet was resuspended in a strong extraction
Protein determination: Protein concentration was buffer D, buffer A+ 3% Emulphogen BC270, sonicated
determined by a bicinchoninic (BCA) protein assay (Piercefor 2 min, and mixed for 1 h. The suspension was centri-
Rockford, IL, USA) with bovine serum albumin as the stan-fuged at 40 00& g for 1 h. The supernatant was saved and
dard [22]. labeled ‘strong extract’. The pellet was discarded.

Western analysis: Samples containing 5@g of total
protein in non-reducing Laemmli buffer [12] were loaded
onto polyacrylamide gels (12% separating gel, 4% stackingClone evaluation
gel) and electrophoresed fetl h at 200 volts (Mini-PRO- The production of a recombinant immunoglobulin library
TEAN 1l Electrophoresis Cells, Bio-Rad, Hercules, CA, in E. coli enabled the selection of a clone expressing bt-
USA). After electrophoresis, the gels were blotted ontoFab with a high specificity towards the botulinum toxin
nitrocellulose using a semi-dry transfer blotting apparatug3]. The molecular weight of intact bt-Fab is approximately
(Bio-Rad). The nitrocellulose blots were blocked overnight50 kDa while that of the reduced form is approximately
at £C with 1% non-fat dry milk in PBS and washed with 24 kDa. Twenty-six recombinant pHist clones (from
0.1% Tween-20 in PBS. The blots were then incubated foEmanuel) were grown and the bt-Fab purified as described
1 h at room temperature with an affinity isolated, alkalineabove. Of these, 14 clones expressed the bt-Fab antibody
phosphatase conjugated, pre-adsorbed goat antibody sgeagment upon 1 mM IPTG induction when analyzed by
cific to the Fab segment of mouse IgG (Sigma ChemicalWestern blotting. The resultant bt-Fab of each clone was
Co, St Louis, MO, USA). The blots were washed and theone-step purified by IMAC and screened for binding affin-
signal was developed using BCIP/NBT (5-bromo-4-chloro-ity. Table 1 lists the cellular yields and the purified bt-Fab
3-indolyl phosphate/nitro blue tetrazolium) color develop-yields of the 14 positive clones. The amount of purified bt-
ment reagent (Sigma). Blots were quantified by scannind-ab obtained from these clones was typically 1 mg per liter
densitometry (Stratagene Eagle-Eye II, NIH Image). Inter-of fermentation medium. The specific yields ranged from
estingly, in the absence of PMSF in extracts, no bt-Faly0 to 367ug of pure bt-Fab per g wet cells and were typi-
was detected. cally over 150ug pure bt-Fab g wet cells. The equilib-
rium dissociation constants of purified bt-Fab obtained
SDS-GPAGE: Gels containing 6 mg of gelatin (hence from these clones ranged from XA0° to 8.5x 1071°M
GPAGE) were prepared as described previously [7]. Thenin™ and were comparable to that of anti- botulinum com-
cellular supernatants in PBS (without further modification)plex immunoglobulins which were around 7:010°M
were electrophoresed at 150 volts. After removal of SDSmin™ [3]. Clone pHist 5 was one of the lower yielding
by washing with Triton X-100 for 1 h, the gels were incu- clones tested, however, it was selected for subsequent stud-
bated in 100 mM glycine, 2 mM ATP, 2 mM MgglpH ies based on its affinity towards the toxin (kQ0°M
7.5 (incubation buffer) for 24 h at 3T in order to restore
enzymatic activity. Following regeneration, the gels were
stained with amido black and destained [7]. ProteolyticTable1 Results of screening of bt-Fab clones
activities, separated by molecular weight, were visualized

Results and discussion

by clear bands. The intensity of these bands is proportionaiHist clone  Cell yield Purified bt-Fab yield ~ Specific yield
to the mass, quantity and activity of the proteases preseft®: gL* media  pgL™ media ggbpgiecgltl's

[7]. When extracts contained PMSF (as noted in samples
for Western analysis), no activities were revealed.

1B 8.2 1676 204

3 3.4 500 147
Protease purification: The principal protease was 5 9.5 663 70
subsquently purified using additional extractions steps (Gill 7 8.2 1580 193
RT, MS Thesis, University of Maryland, 1998) and pre- 3 8 1008 e
parative isoelectric focusing using a Rotofor (Bio-Rad), 7, 9.0 1112 124
according to the manufacturer's directions. A ‘strong 16 5.7 568 100
extract’ fraction containing only this protease was evalu- 17 7.8 1496 192
ated for bt-Fab activity. This was prepared following the 18 6.0 1564 261
general method utilized by Pacaud [16]. The crude cell lys- éo gg ggg ggg
ate was spun at 40 000g for 1 h. The membrane pellet g 35 477 136
was resuspended in buffer B (50 mM Tris (pH.5), 0.1% 143 5.5 1400 255

Triton X-100, 15% glycerol) to an approximate protein con-
centration of 2 mg mt. This fraction was recentrifuged at Baffled 4-L flasks containing 1 L of phosphate-buffered*t pH 7.2,
40 000x g for 1 h. The supernatant was discarded and the0wg carb mf*, were grown at 25 until As, 1.0, then induced (1 mM

- - IPTG) and maintained at 268 for 60 h. Cells were centrifuged,
pellet was resuspended in a minimal amount of buffer BTesuspended, cracked and debris-free supernatant analyzed for bt-Fab,

This fraction was _again _Cemringe_d at 4000Q for 1 h  \yhich was subsequently 1-step purified by IMAC. Wet cell weights are
and resuspended in a mild extraction buffer C (buffer B reported.
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The temperature variation experiments with pHist5 indi-

min). Hence, efforts to increase fermentation yield were 100
needed.

Cellular yield

cated that final cell yields were nearly identical at all three
post-induction test temperatures and were near 4.5 g wet
cells per liter of fermentation medium. Cell growth
measurements as determined by the absorbance at 600 nir
(Asog over the course of the fermentations showed that
growth at 25 and 3W was very similar, both showing a
slight decrease in & at the stationary phase (Figure 1).
At 37°C, the culture showed a severe transient lag immedi-
ately after induction, but ultimately reached a stationary 3+
value comparable to that of the lower two temperatures.

¥ & E B
i

-Fah Western bliot signal
1% af h{aximum)

=]
&

1] Tk 1 10 M) =) (1]
Time afer [nductson (k) h

0 &4 ME I I8 3833 38 43 M4 55860

This dynamic lag occurred in several repeated experiments =
at 37C. No death phase (decrease ig,d\ was observed 45kD _ —
at 37C. Al

1EkII
Specified (bt-Fab) yield
The plasmid vector used in our studies containedptbi® P omM6 117 T M6 44T N
leader sequence for translocating the bt-Fab toEheoli e

periplasmic space in order to ensure proper folding and sy

disulfide bond formation. However, translocation to the per-

iplasm is often associated with the blockage of nascent pro-

tein at the inner membrane as well as proteolytic degra-

dation of both the abnormally folded and the properly o ) )

folded product within the periplasm [4,18]. Three successf9ure 2 bt-Fab quantity in fermentations at 25 and°GO (a) Time

. . - course analysis of bt-Fab obtained from scanning densitometric analyses

'Vely lower pqst-lnductlon temperatures (37v 30_and®5 of Western blots. Thg-axis represents the 50-kDa bt-Fab signal, the data

were tested in order to decrease the expression rate amst a given temperature is normalized with respect to the maximum 50-

thereby avoid loss. Figure 2 illustrates the profile of bt-FalkDa signal obtained at that temperature. The maximum corresporuds to

during the post-induction period for the lower two tempera-ger{‘egct';; Zi";“cb- (9b§ %;S{eg:)b?g;cb fTE'ff:ag"?rsl SS'QSTE?JJ'ZZE”

tures; bt-Fab was not deteCt.ed af’G?Flg_u_re 2a gives the tations. Signals represent the amount of bt-Fab present in crude cell lysates

normalized 50-kDa bt-Fab signal quantified from Westerncontaining 40ug of total protein. M indicates molecular weight markers.

blots by scanning densitometry; the Western blots areost-induction time increases from left (lane 1: 0 h) to right (lane 13: 60 h)

shown in Figure 2b. At 3T post-induction temperature, as indicated. The appearance of degradation products at lower molecular

bt-Fab production reached a maximum relatively quicklywe'ght was prevalent between 10 and 20 h post-induction.

around 9 h post-induction, and dropped rapidly to 10% of

the maximum value by 33 h. In addition to the 50-kDa bt-

Fab, Western analysis also showed the presence of lower

molecular weight forms around 45 and 25 kDa which alsoincreased in time and then eventually disappeared. AT25
the rate of bt-Fab production was slower compared €30

2 reaching a maximum approximately 15 h after induction.

i"durim Q. D Again, a decrease to 20% of the maximum value occurred

3D ™

after 25 h. Smaller quantities of lower molecular weight
forms were seen at 26 compared to 3, and they
appeared and disappeared in a similar manner to the bt-
Fab. In contrast to these two temperatures, there was no bt-
Fab detected at 3€. We suspected the perturbation in cell
growth may have contributed to the loss of bt-Fab &7
Subsequent investigations of intracellular protease activity
were performed in cultures at all temperatures. Overall, the
decrease in bt-Fab production with increasing post-induc-
tion temperature, and the appearance and subsequent disap-
pearance of the lower molecular weight forms, suggested
0 20 40 60 80 that proteolytic activity was responsible for bt-Fab loss.
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Figure 1 Effect of post-induction temperature on the growth of clone : . . Lo
pHist 5. The studies were conducted in 14-L bioreactors as described i&.order to exgimlne the influence of proteolytic activity I.n
Materials and Methods. Cellular growth was determined by the absorbanciliS process, time-course samples of the same fermentations

at 600 nm (Aqo). (@) 25°C, (O) 30°C, @) 37°C. were analyzed by GPAGE as described in Materials and
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Methods. The most predominant proteases are differer@
tiated by both molecular weight and activity and are Vis- Protease
ualized as clear zones upon staining with amido black [7]
The intensities of these clear zones are proportional to th
mass quantity and activity of the proteases present. Figur
3 shows _the SDS-_GPAGE results and their quantificatiorfy MW Crode Soluble Membrane Weak
by scanning densitometry. At all three temperatures, the Lysate Extract Bxtract
predominant proteolytic activity was detected at 39 kDa.
Moreover, a rapid increase in proteolytic activity, followed n-“-
by a decrease, then another increase and ultimately a fin = =l
decline was observed with increased induction time for
25°C and 37C. Since there was negligible bt-Fab detected
at 37C and bt-Fab fragments in Western blots at the lowelrigure 4 Digestion of bt-Fab by 39 kDa protease. (a) Characterization
temperatures, we suspected a relationship between this pref-the purification of 39 kDa protease by GPAGE analysis: lanes indicate
tease activity and the loss of bt-Fab in ecoli periplasm. crude lysate, soluble fraction, membrane fraction, weak extract of mem-
E. coli has at least 24 identified intracellular proteasesbrane fraction and strong extract of membrane fraction. SDS-GPAGE of
- - ; ” strong membrane extracts revealed only one significant protease band at
of which 12 are associated with the membrane while the 39 kba. By SDS-PAGE this extract was purified 17-fold, subsequent pre-
others are present in the cytoplasm [13,14]. Interestinglyparative isoelectric focusing resulted in 290-fold purification and a single
none of hese proteases are reparted 1o have & ImOleCu g o S bt win varows oo o1 porfd 53 on -
weight of 39 kDa [7’.21]'.The closestis Omp T (also known tease present in ‘strong extracts’, as indicated. The ")Control’ lane co?ltains
as protease VII) which is a 34-kDa membrane-bound proyified bt-Fab.
tein. In Figure 4, we demonstrate that the 39-kDa protease
activity detected on the SDS-GPAGE gels originates in a
membrane fraction. By protease inhibitor screening and
SDS-GPAGE analyses, we have shown elsewhere that theed the bt-Fab. In the absence of PMSF, there was no bt-
39-kDa protease has serine protease activity, similar to thdab detected in our Western blots at any fermentation tem-
of OmpT [20]. Additionally, as noted in Methods, PMSF perature. In other work, we demonstrated that this activity
inhibited this protease activity in extracts and also stabil.was associated with the stringent stress response and heat
shock response (consistent with OmpT), and is amplified
2 upon overexpression of another heterologous protein, chlor-
L amphenicol acetyltransferase [7,20,21]. In Figure 4, we

16 4 e show that the 39-kDa protease, which was purified 290-
areC fold (Gill RT, MS Thesis), degraded bt-Fab. Specifically,
T a strong extract fraction (Figure 4a), which contained only
[ one protease band on an SDS-GPAGE, was incubated with
- the bt-Fab overnight (Figure 4b). In the absence of protease,
0g + the bt-Fab was stable, whereas increased protease in the
1 incubation mixture accelerated the loss of bt-Fab on the
04 4 30 Western blot. _
A simple mathematical model was proposed to charac-

terize the temporal regulation of the protease activities and
o S R, R R Il A S T to evaluate whether its coincident appearance was consist-
i 2 3 40 50 &0 ent with the degradation of bt-Fab shown in Western blots
(Figure 4). The model presumes a second order rate law
for bt-Fab degradation based on the coupled interaction of

Controd D ul® S00ul 200w 100d S5l

Normalized Profease Activity
(L mgh
b

Time post-induction (k)

37 8 the antibody and protease. The details of the model are
presented in the Appendix. In Figure 5, the model results

a & 16 12 W 3l
5

48 are depicted. The cell density, protease activity, and bt-Fab
quantity are shown as a function of time and are in excel-
o 14 24 36 45 7 lent agreement with the data. _That is, one wquld typically
- expect the bt-Fab to appear first and then disappear later
28 . when the protease activity increased, however our data
show that both appeared at roughly the same time. The
L 4 e I3 3T 46 33 model demonstrates that the data can be explained by an
Figure 3 Analysis of intracellular protease activity. (a) Time course 'meraCt_'on b_etween the proteolytic activity and the bt-Fab
analysis of protease activity. Crude cell lysates were analyzed by SDsappearing simultaneously, presumably because the bt-Fab
GPAGE and quantified by scanning densitometry. Jiais on the chart ~ synthesis overwhelms the increased protease activity. In
B cion gl o sach i, CRAGE Byt IS Way, the mode results corroborale anto result
the ?ermentation extra%ts quantified ir? upper panel. The onI))// significan(ghowmg th_at the Q|sappearance of the bt-Fab during the
band on the SDS-GPAGES was near 39 kD®) 5°C, (m) 30°C, (O) pots_,t-_ltnductlon period was related to the 39-kDa protease
37°C. activity.

| R
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Figure 5 Model simulation of 30C fermentation. Simulations indicate
coincident timing of protease appearance and disappearance of bt-Fab.
Data simulated include: optical densitm)( normalized bt-Fab content
(O), and normalized protease activit®( 30 and 25C; &, 37°C). Also
included is ¢, the relative level of metabolic activity, or instantaneous
growth rate of the culture (dotted line).
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T.h.e affinity of amino acids S.UCh as histidines toward tran, igure 6 Purification of bt-Fab. (a) Chromatography profile of bt-Fab

sition metals has resu!tEd in the development of metafgurification. (b) SDS-PAGE and (c) Western blot analyses of chromato-

affinity separation techniques [19]. The 50-kDa bt-Fab mol-graphy fractions. SDS-PAGE: Letft to right, lane 1: molecular weight mar-

ecule expressed in this study has six histidines attached &grs. 2: crude cell lysate (starting material), 3: column flow through

the C-terminus and, therefore, has high affinity to transitior{unPound fraction), 4: 150 mM imidazole elution peak (shown in (a)).
tals. Crud ||,| t ’t f 10-L f tati estern blot: Left to right, lane 1: 150 mM imidazole elution peak, 2:

metals. Lrude cellular extracts rom a ermentationg . ge cell lysate (starting material), 3: column flow through, 4: molecular

were centrifuged and the supernatants were loaded on tov@ight markers.

Ni-NTA metal-affinity column. The bound protein was

eluted using an imidazole elution gradient. Figure 6a shows

a typical chromatography profile while Figure 6b shows the

SDS-PAGE and Western analyses of the resulting protein

fractions. Pure bt-Fab was visualized by a single band at

around 50 kDa. The attachment of six histidine residues

enabled a one-step purification process that resulted in a

highly pure (-99%) product.

Purification

. . . 3.0
Processing considerations

Fermentation conditions such as higher post-induction tem-
peratures, longer growth times, higher IPTG concentrations Colunn
and enriched media adversely affected the subsequent pur flow through
fication process (only temperature results are shown here 20
Figure 7 shows a typical chromatography profile of a crudeg
cell lysate obtained under adverse growth conditions (ieg
37°C post-induction temperature). A large amount of bt- §
Fab either failed to bind to the column or was eluted during$
the PBS wash as shown by the first peak in the figure. The
second peak was obtained during the 150-mM imidazole®
step and contained pure 50-kDa bt-Fab with high affinity
to the metal affinity resin. The material that either failed to 0.0
bind the column or was weakly bound contained high levels 5.0 10.0 15.0

of lower molecular weight forms of bt-Fab as well as some

50-kDa bt-Fab (Western blot data not shown). Time (min)

The failure- (-)f the -eafrlyjeluung 50-kDa -bt_-F-ab to bind igure 7 Typical chromatography profile of crude cell lysates obtained
the metal aﬁ.m'ty resin 'ndlcates.that the hIStldl.ne tag Wa{nder adverse fermentation conditions@7ost-induction temperature).
either made inaccessible due to improper protein folding OEarly peak (weakly bound and eluted by PBS wash) contained partially
was fully or partially destroyed. Adverse growth conditions degraded bt-Fab in addition to intact Fab.

PB’S_I Imidazole
Wash peak

1.0
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Table 2 Model constants

bt-Fab Kormax ~ Maximum bt-Fab synthesis 0.8 ~*h
rate
Ky specific protease/bt-Fab 0.03 *h
degradation rate
Ka bt specific degradation rate 0.04 ~th
Protease Kemax ~Maximum protease synthesis 0.7 *h
rate
Ka.p specific protease degradation 0.045 h
rate
Cell mass k, metabolic decay time constant  0.19 *h

Model parameters were estimated based on: (1) initial synthesis rates; a

(2) apparent rates of degradation after 30 h when there was no cell growt,

or product synthesisy(= ¢ = 0). Data for constant determination were
from the 30C fermentation run, with the exception of the protease activity

Further, we utilizedp as an attenuation factor for both bt-
Fab and protease synthesis. That is, we have assumed that
there was no synthesis of either bt-Fab or protease during
the mid-to-late stationary phase (whér= 0). This assump-
tion reflects the actual conditions, but more importantly
maintains model simplicity. Thus, in Egns 2 and 3, a
maximum synthesis rate for each intracellular component
(bt-Fab and protease) is multiplied ky. In Eqn 2, the
degradation of bt-Fab is described by a second order rate
expression based on the coupled interaction of bt-Fab and
protease. Both bt-Fab and protease also have an intrinsic
gradation rate and a rate accounting for dilution due to
iomass expansion-fi term is needed for calculating intra-
cellular quantities). Model parameters used for simulations

wherein the data of 25 and 30 fermentations were grouped together are listed in Table 2. Simulations were performed using
enabling a more comprehensive dataset. There was no significant;|er's method.

difference in protease profiles.



