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Source Materials for Protein Isolation

X1-001 BACULOVIRUS-MEDIATED EXPRESSION OF APOLIPOPROTEIN GENES IN INSECT LARVAE, Alan D. Attie!, Daniel G.
Gretch?, Stephen L. Sturley!, Paul D.Friesen', and Nancy E. Beckage?, 'Depantment of Biochemistry, University of Wisconsin-Madison,
Madison, WI, and 2Department of Entomology, University of California-Riverside, Riverside, CA.

Numerous genes from various organisms have been expressed in insect
cells infected with recombinant baculoviruses. The major advantage is the
high yield of recombinant protein product. Apolipoproteins present a
new and special problem. Some of their functions are only maintained
when they are assembled into a lipoprotein particle. In addition, some of
the apolipoproteins aggregate in the absence of lipid. For these proteins,
the widely-used insect tissue culture system is therefore not ideal because
it does not have the ability to package apolipoproteins into lipoprotein
particles.

Apolipoproteins E and B are ligands for the low density lipoprotein
(LDL) receptor. ApoE is a 35 kDa protein with a well-defined receptor
binding domain. ApoB is a 515 kDa protein in which the receptor binding
domains have not been mapped. An obstacle to the study of apoB is the
absence of an expression system that will yield assembled lipoproteins
and high levels of expression.

Larvae of the tobacco hornworm Manduca sexta produce lipoproteins
with structural similarities to mammalian lipoproteins. The tissue that
produces insect larvae lipoproteins, the fat body, is also a semipermissive
target for infection by baculoviruses. We therefore sought to determine if
Manduca sexta larvae infected with recombinant baculoviruses harboring
apolipoprotein genes would be capable of assembling recombinant
products.

Because of its smaller molecular weight, we began by testing human
apoE. A recombinant baculovirus with the human apoE gene was used
to infect 5f-21 cells in culture and was injected into fourth instar M. sexta
larvae. After 60 hr of infection, 5f-21 media contained 30 pg/ml apoE.
Expression levels were much higher in the insect larvae; >200 pg/ml
hemolymph after 6 days of infection. Most of the apoE in the insect
culture media was in the d > 1.21 g/ml fraction of a density gradient,
indicating that it was essentially lipid-free. By contrast, one-third of the
hemolymph apoE was associated with the 4 < 1.02 g /m! density fraction,
indicating its association with buoyant lipoproteins. Only the
hemolymph particles were competent ligands for the LDL receptor,
reflecting the active conformation of lipid-bound apoE.

Recombinant baculoviruses containing full-length human apoB and
two truncated genes, apoB48 and apoB17 were produced. Infection of Sf-
21 cells with all three recombinant viruses led to production of the
expected products. Studies are in progress to express the apoB cDNA’s
in M. sexta.

Insect larvae are an excellent system for large-scale recombinant
protein expression. For proteins that have lipid binding properties, insect
larvae mediate the proper lipid binding of the recombinant proteins to
obtain fully active product.

X1-002 PRODUCTION OF HUMAN PROTEIN C IN THE MILK OF TRANSGENIC SWINE, William N. Drohan, Henry Lubon, American Red
Cross, Hotland Laboratory, Plasma Derivatives Department, Rockville, MD, Tracy D. Wilkins, Transpharm, Blacksburg, VA, and William

H. Velander, Virginia Polytechnic Institute, Blacksburg, VA.
Human protein C (hPC) acts as a regulator of hemostasis and is
considered to have therapeutic importance in certain disease states
including deep vein thrombosis, hereditary deficiency of hPC and
septic shock. Immunity affinity purified human plasma sources of this
protein appear to be insufficient to meet patient requirements, and
expression levels in recombinant mammalian cells have been limited
to less than 20 ug/ml. We are investigating the feasibility of using
genetically engineered pigs as a supplemental source of human protein
C. Using the mouse whey acidic protein (WAP) gene with an inserted
¢DNA encoding human protein C, we have produced a number of
transgenic pigs. The first two transgenic animals produced protein C
in their milk at levels of between 200 and 2000

mg per liter. On the average, the recombinant human protein C (thPC)
purified from the milk of transgenic swine has anticoagulant activity
approaching that of plasma derived human protein C. The rhPC
analyzed by 2-D gel electrophoresis appears to be more micro-
heterogeneous than hPC from plasma. In addition, the thPC possessed
a significantly higher fucose content than hPC and also contained N-
acetylgalactosamine, in contrast to hPC, which had none of this
carbohydrate.  Further analysis of thPC by polyacrylamide gel
electrophoresis and amino acid sequencing additionally suggests that
swine mammary epithelium processes human protein C in a fashion
similar to human liver, but some differences can be seen.

X1-003 FACTORS LIMITING EXPRESSION OF SECRETED PROTEINS IN MAMMALIAN CELLS, Randal J. Kaufman, Andrew J.
Dorner, Alnawaz Rehemtulla, Louise C. Wasley, Genetics Institute, Cambridge, MA 02140

Expression of heterologous genes in mammalian cells
may be controlled at the level of transcription,
processing of precursor mRNAs, mRNA transport to the
cytoplasm, mRNA stability and translational efficiency,
and protein stability. For most secretory proteins, the
rate limiting steps for maximal expression occur
within the secretory pathway. Proteins which transmit
the secretory apparatus are subject to a variety of
steps which regulate folding and secretion of the
mature polypeptide. For most secretory proteins, the
rate limiting step in secretion is transported from the
endoplasmic regiculum (ER) to the Golgi apparatus.
Some proteins transiting the ER interact with GRP78, a
lumenal stress response protein of the ER. Dissociation
from GRP78 requires ATP. We have recently

demonstrated by direction firefly luciferase expression
in the ER, that ATP can be detected within that
compartment. In addition to dissociation from GRP78, a
wide variety of post-transiational steps are required
for appropriate maturation and biological activity of a
secreted protein. These steps may be saturated as the
expression of the specific protein is increased. One
saturable step is proteolytic processing of the
precursor polypeptides. Recently, a class of subtilisin-
like serine proteases have been identified, which when
overexpressed can improve the processing of precursor
polypeptides in mammalian cells. These observations
should provide the ability to specifically engineer
mammalian cells to efficiently perform the required
steps for secretion of a desired protein.
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X1-004

TRANSMISSIBLE SPONGIFORM ENCEPHALOPATHIES AS CONCERN IN BIOPHARMACEUTICAL PRODUCTION, Richard F. Marsh,

Department of Animal Health and Biomedical Sciences, University of Wisconsin, Madison, W1 53706

Fifty three years ago 1260 of 18,000 sheep died of scrapie after being
inoculated with a Louping Il vaccine produced by formalin treatment of
brain tissue. This was the first "therapeutic misadventure” observed with
these unusual neuropathic agents but, unfortunately, not the last.
Creutzfeldt-Jakob disease (CJD) has been iatrogenically transmitted among
humans using contaminated EEG electrodes, tissue grafts, and hormone
injections.

The recent occurrence of bovine spongiform encephalopathy (BSE) in Great
Britain has again raised concerns of possible health risks from the use of
products produced from human and animal tissues. To address these
concerns it will be necessary to apply our knowledge of the biological and
physicochemical nature of these transmissible agents to reduce this potential
biohazard to as low a level as possible.

QOur main effort must be in obtaining tissues from disease-free individuals.
No human tissues should be used from patients dying of CID or

X1-005
Blacksburg, VA.

Milk is a very convenient material in which to express high concentrations of
recombinant proteins, but milk is not a simple substance. it also is not pure and
has a lot of variability inherent in the production and milking process. Isolation of
recombinant proteins from milk is not necessarily any easier than isolation from
any other complex and variable source. The main advantage is that the p

may be produced in much higher concentrations in milk than in cell culture or
plasma.

Milk can never be collected in a pure form; it is always contaminated with
mammalian cells. Normal cow’s milk contains about 500 million white blood cells
per liter! Most of these cells are removed by centrifugation, but many lyse and
spill their enzymes into milk. All plasma proteins are presem in smalt

concentrations in milk because of leakage. For , the maln seme

undiagnosed neurologic illnesses. No bovine tissues should be used from
countries from which BSE has been reported (Great Britain, Ireland, France,
Switzerland, Oman, and the Falkland Islands). But even with these
precautions, there remains the risk of using tissues from animals or humans
during their long, asymptomatic incubation periods. These infections can
not be detected in their preclinical stages.

If an inadvertent contaminated tissue source is used, processing procedures
should be incorporated that remove or inactivate as much infectivity as
possible. The most effective of these are ultrafiltration and treatment with
IN sodium hydroxide or 8 molar urea. Heat sterilization by itself can only
reduce infectivity titers 99% in samples containing high amounts of host
protein. Reducing infectivity from 107LD50 to 10°LDgj is not acceptable.
However, terminal heat treatment, as now required by FDA for new bovine
products used in humans, can help assure complete safety when used in
combination with other processes.

PURIFICATION OF PROTEINS FROM MILK OF TRANSGENIC ANIMALS. Tracy D. Wilkins, Virginia Tech and TransPharm Inc.

proteins are excreted in the branes of the fat globules and are d

during skimming.

Any isolation process needs to take into account the fact that the recombinant
proteins produced by 1y y glands of farm animals are not identical to human
proteins and differ according to which animal species is used to produce them.
They have different carbohydrates attached and sometimes have slightly different
processing. Thus conditions which have been developed for purification of the
protein from human plasma or tissue cultured celis may not work for isolation of
the "same” protein from milk. This is also the reason that spiking human proteins
into milk as a model for devel of isolation pr has very little use. in
the case of human Protein C wmh which we work, the spiked protein appeared in
the whey whereas the recombinant protein bound to the calcium in the casein

protease in milk, comes from plasma. lmmunoglobulms and possMy are
actively transported into milk. Bacteria also are always present in milk; the
contamination rate is dependent on the health of the teats and the method of
milking. These bacteria can not be removed by filtration because the casein
micelles clog filters.

The caseins as a group make up over 50% of the protein content of milk. They
surround calcium phosphate cores and the aggregate makes up the casein
micelle. These particles can be removed by either precipitation with low pH or
15% PEG. This results in formation of the "curd” and *whey". Many recombinant
proteins will be in the whey, but some bind to the calcium phosphate cores
(hydroxylapatite) of the casein micelles and are precipitated. Some hydrophobic

Source Materials for Protein Isolation
X1-006

The advantage that milk offers for isolation is the high concentration of
recombinant protein. In some cases this can be 50% of the protein in the milk
and, when the caseins are eliminated, the recombinant protein may start out 80%
pure! Such high concentrations are not likely to be obtainable for complex
proteins because the enzymes needed for post translational modifications can
become saturated. The amount of modification which the mammary cells can
perform has surprised many scientists, but there obviousty is a limit. In the future
this may be overcome by engineering the mammary cells so that they produce the
needed enzymes in high amounts. The current use of “wild-type® farm animals
may seem as naive in a few years as the use of wild-type E. coli would today.

T7 PROMOTER BASED EXPRESSION SYSTEMS FOR OVERPRODUCTION IN E. COLI, Robert Mierendort, Barbara

Morris, Robert Novy, Beth Hammer and Richard Garber, Novagen, Inc., Madison, W1.

The T7 promoter based system developed by Studier and colleagues
(1) has proven to be extremely useful for cloning and expression of foreign
genes in E. coli. Target genes are cloned in pET plasmids under control of
strong bacteriophage T7 transeription and translation signals; expression
is induced by providing a source of T7 RNA polymerase in the host cell. T7
RNA polymerase is so selective and active that almost all of the cell's
resources are converted to target gene expression. The desired product can
comprise more than 50% of the total cell protein after a few hours of
induction. Perhaps just as important as the strength of the T7 promoter is
the ability of the system to maintain target genes transcriptionally silent
in the uninduced state. Target genes are initially cloned using hosts that
do not contain the T7 RNA polymerase gene, so they are virtually "off” and
cannot cause plasmid instability due to the production of proteins
potentially toxic to the host cell. Once established, plasmids are
transferred into expression hosts containing a chromosomal copy of the T7
RNA polymerase gene under lacUV5 conirol, and expression is induced by
the addition of IPTG.

Several vector/host combinations that differ in their stringency of
suppressing basal expression levels are available, which makes it possible
to optimize the yield of individual target proteins. For example, a very

toxic single chain antibody requires maximum suppression of basal T7
RNA polymerase activity to be maintained and expressed. In contrast, the
highest expression levels of a relatively in 1s protein (f-galactosidase)
are observed under less stringent conditions.

Many features have been incorporated into the pET series of
vectors, including upstream and downstream sequences designed for
periplasmic export, immunodetection, and affinity purification. A vector-
encoded stretch of 6 or 10 consecutive histidine residues at the N- or C-
terminus allows rapid, economical purification of target proteins by metal
chelation chromatography. A significant advantage of this technique is the
ability to purify proteins under either native or denaturing conditions. In
the latter case it has been possible to renature a target protein by gradual
removal of the denaturant prior to elution from the affinity column.

Specialized T7 promoter based expression vectors have also been
developed for the construction of cDNA and epitope libraries. In each case
the system has been adapted to allow rapid functional screening of
expressed protein domains on plaque or colony lifts. These systems have a
variety of applications, including the investigation of protein-protein
interactions, antibody engineering, epitope mapping, and receptor
characterization.

1. Studier, F.W., Rosenberg, A H., Dunn, J.J. and Dubendorff, J. W. (1990) Meth. Enzymol. 185, 60-89.
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X1-007
St. Louis, MO. 63141.

Membrane and chromatographic separations have been
evolving for many decades. In both cases, the
technologies were initially thought to be applicable
primarily to specialty and small scale applications.
Certainly, it is true that it was with such applications that
these technologies were originally demonstrated.
However, with the passage of time, many improvements
and modifications have been made, and even though
neither chromatography nor membranes scale well, we
can now find many large scale applications in a variety of
industries.

The use of cross flow and chemical modification to
reduce fouling has enabled membranes to be used in very
large scale food and dairy applications. In the case of
chromatography the limitations of scale in such
applications are particularly severe. High flows can only
be achieved in conventional columns at the expense of
high pressure, and even at high pressure the bed volume

X1-008

HIGH THROUGHPUT BIOSEPARATION TECHNOLOGIES, Jay M. S. Henis, Henis Technologies, Inc.,

and vessel size can be quite large and cumbersome.
Recently, the development of new radial packing
procedures to make columns more uniform and the
emergence of radial flow chromatography have made very
high throughput, low pressure chromatography a real
possibility.

Another emerging technology with significant potential is
Electrodeionization (EDI). A derivative of electrodialysis
methodology, EDI can be used to process high volume
fluid streams containing proteins, salts and other
materials.

High throughput is particularly important in the dairy
industry where processing must take place rapidly and
the amount of liquid to be processed is exceptionally
large. Advances in these techniques and the results of
recent work will be presented with an emphasis on new
developments which enhance productivity and
throughput.

AFFINITY SEPARATION MEMBRANES PREPARED FROM MICROPOROUS POLY(CAPROLACTAM)

HOLLOW FIBERS, Elias Klein, Don Yeager, G.B. Harding, and Raghunandan Seshadri University of

Louisville, Kidney Disease Program, Louisville, KY 40292
Microporous nylon-6 hollow fibers were modified for
use as affinity fibers. The initial amine end-group
concentration of 21 pmoles/g fiber was amplified by
reacting the polymer with lysine, using standard
peptide synthetic methods. The carbohydrate side
chains of rabbit polycional anti-BSA IgG and a
sheep anti-h-IgG were oxidized to link the Abs to the
hollow fibers. The covalent links were either to
terminal amine groups (from lysine linked to the
poly(caprolactam)) or to hydrazide groups. The latter
were produced by coupling adipic acid dihydrazide to
the amine groups via a glutaraldehyde bridge.
Coupling of the oxidized Ab to amine groups required
a pH>8.0, whereas the same Ab could react with the
hydrazide groups at pH 5.5. The higher pH coupling
conditions led to crosslinking of the IgG, presumably
between side chain amine groups on the protein and
the carbohydrate aldehyde groups. Although
significant amounts of IgG could be coupled to the
amine groups, the recognition of antigen by such Ab
was markedly reduced. In contrast, the coupling of
oxidized a-BSA to hydrazide groups, carried out at pH

X1-009

5.5, gave bound Ab which exhibited the theoretical
number of binding sites for its antigen. Capacity of
the immobilized polyclonal a-h-igG was less than
theoretical. Equilibrium binding coefficients for BSA
showed values ranging from 5.2x10° M to 9.7x10° M.
The molar ratio of BSA to calculated anti-BSA binding
site was generally 2:1. Although stripping
experiments with SDS at >85 C indicated none of the
BSA was covalently linked to either the IgG or the
fiber substrate, less than 60% of the adsorbed BSA
could be eluted with pH change, salt, chaotropic
agent, etc. The same responses were observed with
hydrazide modified Sepharose carried through the
experiments for comparison.

a-h-lgG bound to PA hollow fibers produced
pure h-lgG product when challenged with a mixture of
Cohn fraction 2 (0.2 mg/ml) and BSA (1.0 mg/ml) . The
dynamic capacity at 12ml/min flow (7.5 seconds
residence time) ranged from 4.5-5.5 mg IgG/ml of
membrane volume. Similar capacities were found
when rProtein A was immobilized in place of the a-h-
1gG.

SCALING-UP PROTEIN EXTRACTION IN AQEUOUS TWO-PHASE SYSTEMS, Maria-Regina Kula, Institut fir

Enzymtechnologie, Heinrich-Heine-Universitat Disseldorf, P.O. Box 20 50, W-5170 Jalich, Germany

Liquid-liquid extraction of proteins is possible exploiting aqueous
two-phase systems based on the incompatibility of hydrophobic
polymers, e.g. polyethylene glycol and dextran in the common sol-
vent water, or by salting out of polyethylene glycol using phosphates,
sultates or citrates (1 - 4). The method is gentle due to the high
water content of the two immiscible phases and the low interfacial
tension. High activity yields are obtained during extraction.

The technology is especially useful for the isolation of intracellular
proteins and the concomitant removai of insoluble ceil fragments in
large scale or the concentration and enrichment of proteins from
whole broth. Partition is governed by the thermodynamic properties
of the product, under these conditions separation of solids does not
depend on the size of the particle as in mechanically controlled
processes such as centrifugation and fittration. Removal of solids is
much faster by liquid-liquid extraction. Besides, unwanted bypro-
ducts may be removed at the same time.

The selectivity of extraction my be further enhanced using affinity
interactions. If required, additional purification steps e.g. by chroma-
tography can be carried out either directly from a separated phase or
after suitable conditioning e.g. by diafiitration/concentration using
appropriate UF membranes.

The following parameters will be discussed with regard to the
requirements for scale-up:

- the kinetics of phase equilibration and partitioning

- methods of mixing

- phase separation by gravity or centrifugation

- batch and continuous processing

- economics of operation

- recycling of phase forming chemicals

Examples will be taken from various case studies performed in the
authors laboratories.

1. Kula, MR; Kroner, KH and Hustedt, H (1982) Adv. Biochem. Eng.
24, 73-118.

2. Hustedt, H; Kroner, KH and Kula, MR (1985) in: Partitioning in
Aqueous Two-Phase Systems: Theory, Methods, Uses and
Applications to Biotechnology (eds. H. Walter, D.E. Brooks and D.
Fisher) Academic Press, pp 529-587.

3. Vemau, J and Kula, MR (1990), Biotechnol. Appl. Biochem 12,
397-404.

4. Kuia, MR (1990), Bioseparation 1, 181-189.
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X1-010EFFECT OF CULTURE CONDITIONS ON POST-TRANSLATIONAL MODIFICATIONS OF RECOMBINANT
PROTEINS PRODUCED IN MAMMALIAN CELLS, Mary B. Siiwkowski, Edward T. Cox and Jane V. Gunson,
Cell Culture & Fermentation R & D Department, Genentech, Inc., South San Francisco, CA 94080.

Mammalian cell culture systems are widely used for production of
pharmaceutically relevant proteins. The main reason for employing
these complex production systems is to exploit their ability to
correctly carry out a variety of post-translational modifications, such
as proteolytic processing, disulfide bond formation and
glycosylation. These modifications are often desirable for their
ability to effect biological activity, circulatory clearance rates,
solubility and stability. A number of other detrimental modifications,
such as proteolytic clipping, aggregation and deamidation can also
occur in mammalian systems. Because these post-translational
modifications occur with varying degrees of efficiency, they can lead
to considerable structural heterogeneity in both natural proteins and
their recombinant counterparts. Structural heterogeneity can arise

New Supports-I (Session Sponsored by 3M Bioapplications)
X1-011

at many steps in the production process but we are specifically
interested in characterizing and controlling those modifications
which occur during cell culture. By studying more than 20 proteins
produced in mammalian cell culture over the past 7 years, we have
gained insight into several post-translational modifications which
can be influenced by culture conditions. These include: alteration
of intracellular glycosylation; remodeling by extracelluiar proteases,
glycosidases and phosphatases; and formation of mixed disulfides
between protein-bound cysteine residues and small thiols from the
culture medium. Several such examples will be presented.
Methods for monitoring and controlling these modifications will be
discussed.

CLEANABLE ZIRCONIA-BASED CHROMATOGRAPHIC SUPPORTS, Michael C. Flickinger'?, John E. Morris', Lifang Sun®, John A.

Blackwell’, Wes A. Schafer®, Michael H. Glavanovich?, Peter W. Carr'”, Francisco Lorenzano* and Alon V. McCormick®, 'Inst. for Adv. Studies
in Biological Process Technology, “Dept. of Biochemistry, *Dept. of Chemistry, and * Dept. of Chemical Engineering and Material Science, University

of Minnesota, St. Paul, MN 55108, USA FAX 612-625-1700

Zirconia-based supports offer many potential advantages over carbohydrate
or silica support materials used in bioseparations such as: chemical and
thermal stability, good mechanical strength, and high density. The
solubility of zirconia in acid and base is orders of magnitude lower than
that of silicon or aluminum oxide. Thus, zirconia-based chromatographic
supports have the potential for repeated steam or hot alkaline regeneration
and sterilization to inactivate virus and protein contaminants. The high
density of zirconia may be useful for both process scale batch adsorption
and fluidized-bed applications. A variety of protein chromatography

supports using porous zirconia particles are being developed: ion-exchange,
ligand-exchange, concanavalin A-affinity, thiophilic-affinity, and size
exclusion. Methods have been developed to coacervate colloidal zirconia
to form uniform porous particles which are base-stable and which can be
derivatized with non-fouling surfaces. These particles will be useful for
process-scale protein separations where a cleanable or sterilizable
chromatographic support is required and/or where batch adsorption or
fluidized-bed applications are easier than large volume packed-bed
chromatography.

X1-012 PERFUSION CHROMATOGRAPHY: A NEW TOOL FOR BIOMOLECULE PURIFICATION AND ANALYSIS, Neal F. Gordon and

Noubar B. Afeyan, PerSeptive Biosystems, Inc., Cambridge, MA

Surface-mediated separations via chromatography are used for the purification and
quantitative analysis of complex protein mixtures. Porous particles functionalized
with the appropriate surface chemistries are used today. Speed, capacity and
resolution together determine the overall separation performance and these are
strongly related to the morphology of the porous particles.

Since the advent of Perfusion Chmmawgmphy®. (the use of flow-through particles to
perform high throughput/high speed separations) the direct coupling between the
three performance variables has been broken, allowing very high speed, high
performance separations (10 seconds to 5 minutes). The major present and future
ramifications for research, analytical and preparative lications will be di d

In addition, this new separation capability allows a novel systematic approach to be
used for the d P of ch graphic methods, of which will be
shown.

High speed separations also form the basis for a new technique, I Detection™,

which combines antibody-based assays with a flow-through column format. The
result is real time immunoassays performed in seconds or minutes. Application of
ImmunoDetection for on-line itoring of a prod and cc i in a
bioprocess will be presented as a case study.
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X1-013 A 31P NMR STUDY of IAM SURFACES X. Qiu and C. Pidgeon, Dept. of Medicinal Chemistry, Purdue University, West Lafayette, IN 47907

Immobilized anificial membranes (IAMs) are chromatography packing
material containing phospholipids tethered to the silica surface through the lipid alkyl
chains. 1AM surfaces are unique in that the phosphorous nucleus in the lipid
head, is a Ity abundant NMR gmbe. This allows direct study of the

1

motional pro:?enies of IAM surfaces using 31P NMR methods. We have performed
preliminary 31P NMR line shape analysis and 3P relaxation measurements on the
1AM surface denoted as €NETIAM.lysoPC103. This is is a chemically stable IAM
that does not exhibit phospholipid leaching from the silica when suspended in several
mobile phases.

The 31P NMR spectrum of the dry powder exhibits two components: (i) a
broad symmetric peak centered at O ppm; and (ii) an asymmetric powder pattern with
a chemical shift anisotropy (~200 ppm). The superposition of these two line shapes
in the 31P NMR spectrum of the dry powder suggests that there are two populations
of immobilized phosphate groups on the IAM surface. We aturibute the asymmetric
powder pattern to be caused by ligands exhibiting very slow motion (i.c., due 10 high
ligand packing density) and the symmetric peak to arisc from ligands experiencing
fast isotropic motion (i.e., low ligand packing density). Two populations of
immobilized phospholipid ligands indicates site heterogencity on the IAM surface.

Suspending 1AM in methanol or water caused only a narrow symmetric 31p
NMR line shape centered at 0 ppm. This indicates that these highly polar solvents
significantly increase the isotropic motion of the i bilized ligands compared 0
the dry powder. However, suspending 1AM in the less polar solvents chioroform,
acetone, or acetonitrile, caused the 31P NMR spectra to exhibit an axially symmetric
powder pattem. The axially symmetric line shape indicates that these nonpolar
organic solvents increase anisotropic motion of the immobilized ligands. Based on
31p NMR line shape analysis the rank order of the isotropic motion of the lipid
molecules on CNErTAM lysoPC1073 are:

New Supports-1T

X1-014 INTRODUCTION OF PROCESS CHANGES IN BIOLOGICAL

CH30H > D20 > CH3CN > CHCI3 > acetone > dry powder

The dynamics of the immobilized phospholipids was studied using the spin
lattice relaxation time (Tl?. T were performed at different
temperatures on SteTIAM.1ysoPCI0/3 particles that were either 12 p or 5 . in size.
When suspended in D20, the T} values of both the 5y and 12 1 1AM particles
ranged from 0.8 to 1.5 sec in the temperature range from 6 to 60 "C. In addition,
both 12 u and 5 u IAM particles showed the same T1 minimum which occurred at
approximately ~10 °C. This indicates that the local motion of the ligands
themselves, not the overall mmbling of the large IAM particle, determines the rate of
31p spin lattice relaxation. Based on the T minimum, the correlation time (tc) of
the immobilized phospholipid ligands was 0.8 nsec. Using 12 u IAM pan.jcks, the
Ty mini in methanol d at approximately -10 *C which is 20 “C lower
than the T; minimum obtained in water. Thus there is significantly more motion of
the immobilized phospholipids on IAMs suspended in methanol compared 10
suspending IAMs in water. This is consistent with the 31p NMR line shape
analysis; the line width of IAMs suspended in methanol is much narrower than that
in water.

Spin spin relaxation measurements (T7) were performed in methanol (T2 =
1.6 msec) and water (T2 = 1.3 msec). T2 values for phospholipids in liposome
membranes range from 1 to 20 msec. Immobilized phospholipids in IAMs have Ty
values on the low end of this range. These preliminary studies d that 31p
NMR is an excellent probe for the motional properties of IAM surfaces. Although
the lipid 31P NMR line shape of ©theTIAM.lysoPC13 in water is different than the
31p NMR line shape of lip both the lation time, T¢ , and Ty values of
IAM:s and liposomes are similar.

PRODUCTS: A REGULATORY PERSPECTIVE, Richard M.

Lewis and Mary Catheriné J. Schneider, Center for Biologics Evaluation and Research, Bethesda.

Biological products are often complex mixtures
that cannot be precisely defined. Because the
manufacturing process is closely related to the
characteristics of the final product, when
considering Product License Applications or
Amendments the Center for Biologics Evaluation
and Research considers not only the final
material but the process and the facility as
well. Frequently, process changes may include
new chromatographic procedures which result in
increased purity. Although this is an important
and positive goal, biological products which are
to be used in therapy must be judged on the basis
of their safety and their efficacy and not on
their physicochemical characteristics.
Physicochemical methods are, however, an
important means of controlling manufacturing
consistency.

With plasma-derived products, the ability of
chromatographic methods to separate virus from
the activity of interest is an important
consideration and has been demonstrated to
contribute to increased safety. The validation

of partitioning between either a specific virus or
an acceptable model has provided valuable data in
support of approval of novel manufacturing process
changes. 8imilarly, if an increase in purity can
be demonstrated to increase safety andjor
effectiveness, these data are important positive
contributions toward acceptance of new technology.

Amendments to licensed products generally do not
require documentation to the same extent as the
original submission, but factors such as Good
Manufacturing Practices and product stability must
still be considered. The extent of review and
level of scrutiny, however, depends on the
complexity of the issue and the thoroughness of the
application.

Descriptions of how recent submissions were
reviewed and the types of data submitted will be
presented. Included will be examples of the types
of additional information required for blood-
derived products manufactured with the introduction
of new chromatographic methods.

X1-015BORONATE PROTEIN PURIFICATION, William H. Scouten, Xiao-Chuan Liu, Katchia Adamekova, Zenobia Biedrzycka,
Marek Biedzryski, and Viadimir Adamek, Baylor University, Department of Chemistry, Waco, TX.

Boronate chromatography is based upon the ability of boronates to form

diesters with 1,2- or 1,3-diols. These are formed at alkaline pH and readily

reversible at neutral or acidic pH. Using boronates immobilized on
an inert matrix, glycoproteins, RNA, catechol amines and many other bio-
logical molecules can be isolated. One particularly valuable use of boro-
nate chromatography is for the analysis glycated hemoglobin, a non-
enzymatically glycosylated form of hemoglobin that occurs in elevated
amounts in uncontrolled diabetics.

Other uses of boronates is for the immobilization of

proteins and other biological molecules. This immobilization is reversible

and could form the basis of a readily regenerated immobilized
enzyme column. Moreover, proteins immobilized via boronates will be

oriented since glycosylation occurs ononly one part of the protein molecule

Major problems in boronate chromatography include the
inability to use it at the most desired, i.e. physiological, pH values.

logical, pH values. Nonspecific binding is also frequently a problem since

boronates are usually hydrophobic, aromatic molecules. Finally, boronate

chromatography matrices are not sufficiently stable for many applications.
Our solution to this problem has been to combine three approaches,

namely the addition of a coordinating heteroatom near the boron
(Mattheson approach), the addition of an acid/base catalytic function, also

near the boronic acid (Wulff approach) and finally the addition of electron

withdrawing groups to decrease the pK and thus the pH optimum for the
stability of boronate diesters (Hageman approach). An example of such
compounds is depicted below.

Our initial experiments involved using aliphatic, rather than
aromatic ligands in order to minimize hydrophobicity. These
worked reasonably well as boronate chromatography materials but
were t0o unstable for repetitive use. It was also found than an
electron withdrawing group, such as chlorine alpha to the boronate,
is more important than a coordinating group adjacent to the boronic
acid. There is some evidence that strong coordination to be
boronate may cven be negative in that such strongly coordinated
materials do not form boronic diesters very readily.

We are now in the process of synthesizing similar materials
based upon an aromatic nucleus and testing these for boronate
affinity chromatography. An alternate purification of IgG
molecules and/or their transient immobilization has been thiophilic
chromatography as developed by Porath.
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FREE-FLOW ELECTROPHORESIS IN BENCH-TOP AND LARGE-SCALE BIOPROCESSING

Cornelius F. Ivory, Washington State University, Pullman, WA 99164-2710.

Free-flow recycle zone electrophoresis (RZE) has been demonstrated to recover
proteins from binary mixtures, fermentation broths and cell homogenates at
processing rates in excess of 1 g/hr. In addition, recent hydrodynamic stability
experiments indicate that this technology can be scaled to about 100 g/hr
without significant modification. However, the absence of a preparative unit
suitable for process development has delayed the application of RZE in
downstream processing,

To circumvent this problem, a compact instrument has been designed
for benchtop preparative RZE. This apparatus is one-fifth the size and one-
tenth the cost of our parent device, yet it can process proteins at a feed rate in

X1-017

Purdue University, West Lafayette, IN 47907
Competitive protein adsorption is generally different
from that of small solutes for the following reasons: (1)
The intrinsic adsorption rates of proteins can be slow
compared to transport rates; (2) The intrinsic adsorption
kinetics does not obey muilticomponent Langmuir
kinetics because of steric hindrance and biockage; (3)
Aggregation and denaturation reactions induced by
temperature, pH, solvents, chemicals, or solid surfaces
can affect significantly the competitive adsorption. As a
result, multicomponent protein chromatography can be
"incoherent” and "non-Langmuirian”. More important,

Affinity Chromatography-I (Session Sponsored by 3M Bioapplications)
X1-018

excess of 1 g/hr. This is possible because elevated rates of heat and mass
transfer allow separation at high power densities while maintaining low
electro-osmotic sample distortion. It is also more flexible than the parent
device since it can be used for continuous RZE, zone focusing, isoelectric focusing
and electro-extraction in two-aqueous phases.

Following a brief review of protein processing and hydrodynamic
stability experiments conducted in the parent RZE, the new apparatus will be
described and several applications illustrated. 1t is hoped that access to an
inexpensive, flexible and easy-to-use instrument will help open the way for
large-scale electrophoresis in downstream processing.

COMPETITIVE PROTEIN ADSORPTION IN CHROMATOGRAPHY SYSTEMS, N.-H. L. Wang,

the number of concentration waves, wave broadening,
and wave shape can change with solute size, ligand
density, sorbent particle size, column length, flow rate,
temperature, and gradient conditions. In this study,
computer simulations are used to develop improved
intrinsic rate laws for competitive protein adsorption.
The rate laws are being verified with data from various
affinity chromatography systems. A generalized rate
theory is aiso developed to explain a wide range of
anomalous protein chromatography phenomena.

PROTEIN PURIFICATION USING AFFINITY LIGANDS DEDUCED FROM PEPTIDE LIBRARIES. George A. Baumbach and David

1. Hammond, Plasma Manufacturing Technology Department, Pharmaceutical Division, Miles Inc., Clayton, NC 27520.

A new approach to purification of target proteins will be discussed. Step 1 is to
screen a random peptide library for specific peptides which bind to target. Binding
peptides are isolated without prior knowledge of peptide binding sequence. The
amino acid sequence of binding peptides is determined (step 2) followed by large-
scale chemical synthesis of peptide (step 3). Peptides are immobilized on an inert
support (step 4) for affinity chromatography (step 5). For illustration, we
previously selected a peptide ligand to purify a model protein, streptavidin. The
peptide sequence His-Pro-Gln was found to bind streptavidin by screening random
peptide libraries with purified streptavidin, itself a biotin-binding protein. We have

exploited this information by designing peptide ligands which 1) contained His-Pro-
Gin, 2) were end-blocked to resist proteolytic attack, 3) were immobilized through
a single primary amine and 4) contained tryptophan to monitor conjugation by u.v.
absorption.  Streptavidin was added to human plasma in order to simulate 2
complex source material and then the mixture was applied to the peptide ligand
column. Streptavidin was purified in a single step by elution with 1 mM d-biotin
to approximately 89% purity and a yield of 62%. We discuss this approach as an
alternative to other purification technologies for large-scale production of plasma-
derived or recombinant DNA-derived proteins.
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X1-019NEW DEVELOPMENTS IN AFFINITY CHROMATOGRAPHY, Christopher R Lowe, Institute of Biotechnology, University of Cambridge, Tennis

Count Road, Cambridge, CB2 1QT .

The design, synthesis and chromatographic operation of a new range of
stable and selective affinity adsorbents for potential application in the
purification of pharmaceutical proteins will be described. Computer-aided
molecular design has been exploited to desiPn novel ligands which show a
predictable selectivity for the target protein -2‘and which, when coupled to
stable perfluoropolymer supports yield high capacity, low leakage
adsorbents for affinity chromatography3-5. It is anticipated that these new
materials will withstand the rigorous conditions required for sanitisation in
sity of industrial processesS. o
1. Design and Applications of Biomimetic Dyes in Biotechnology.

Lowe, C.R., Burton, 8.1, Pearson, J.C., Clonis, Y.D. and

Stead, C.V. (1986) J.Chromatogr. 376, 121-130. o
2. Design of Novel Affinity Adsorbents for the Purification of Trypsin-like

Proteases. Burton, N.P. and Lowe, C.R. (1992)

J.Mol.Recognit., In Press.

X1-020

3. Affinity Chromatography on triazine Dyes Immobilised on Novel
Perfluorocarbon Supports. Stewart, D.J., Hughes, P
and Lowe, C.R. (1989). J.Biotechnol, 1], 253-266.

4. Affinity Chromatography on novel Perfluorocarbon Supports.
Immobilisation of C.1. Reactive Blue 2 on a Polyvinylalcohol-coated
perfluoropolymer support and its application in Affinity
Chromatography. Stewart, D.J., Purvis, D.R. and Lowe, C.R.
1990. J.Chromatogr. 510, 177-187.

5. Novel Affinity Separations based on Perfluorocarbon Emulsions.
Use of a perfluorocarbon affinity emulsion for the Purification of
human serum albumin from blood plasma in a
fluidised bed. McCreath, G.E., Chase, H.A., Purvis, D.R. and
Lowe, C.R. (1992). J. Chromatogr. 597, 189-196.

6. New Developments in Affinity Chromatography. Lowe, C.R.,
Burton, S.J., Burton, N.P., Stewart, D.J., Purvis, D., Pitfield, I. and
Eapen, S. (1990). J.Mol.Recognit. 3, 117-122.

IMMUNOADSORPTION: STRATEGIES FOR ANTIGEN ELUTION AND PRODUCTION OF REUSABLE ADSORBENTS, Martin L.

Yarmush!, K. Pickard AntonsenZ, Srikanth Sundaram!, and David M. Yarmush!, 1Department of Chemical and Biochemical Engincering and
Center for Advanced Biotechnology and Medicine, Rutgers University, Piscataway, NJ, 2Miles, Inc., Cutter Biological, Berkeley, CA.

Immunoadsorption is a powerful and gencralizable method for protein
purification that exploits the fine specificity of antigen-antibody
interactions. In spite of its potential utility, the more widespread process
scale use of immunoadorption has been limited by the high cost of the
antibody and the lack of gentle elution schemes that completely preserve the
activity of both the immunoadsorbent and the eluted product. In this report,
we review common chemical elution strategies such as pH, ionic strength,
chaotropic saits, denaturants, and organic solvents as well as physical
techniques such as pressure, electrokinetics, and temperature. In general,

Affinity Chromatography-Il
X1-021

selection of elution strategies has largely been an empirical art, balancing
stability of the immunoadsorbent and the eluted product and efficiency. The
limitations of the available choices demonstrate that more attention must be
placed on the antibody. Techniques which assist in the identification or
creation of new antibodies with improved binding properties and resistance
to degradation, e.g., screening and/or rational protein engineering, are also
discussed.

HEPARIN AFFINITY CHROMATOGRAPHY OF PLASMA AND RECOMBINANT ANTITHROMBIN III, Michael N.

Blackburn, Arun Patel, Paula Boerger, and John Martin, Macromolecular Sciences and Proteirn
Biochemistry, SmithKline Beecham Pharmaceuticals, King of Prussia, PA 19406.

The interaction of antithrombin III with heparin
accelerates by 1000-fold the rate with which
antithrombin inactivates thrombin and other serine
proteases of the complement cascade. The heparin-
antithrombin high affinity binding interaction
also serves as a convenient and efficient vehicle
for the purification of antithrombin from plasma
as well as from conditioned media derived from
recombinant cell culture. Heparin, however, also
binds a number of other proteins with high
affinity. We have explored a variety of
approaches to optimize the use of heparin for the
purification of antithrombin. Heparins from
different sources have been coupled to agarose
matrices using different chemistries in order to

take advantage of the different functional groups
available on the heparin chain. These resins were
evaluated in terms of ligand density, antithrombin
capacity and stability.
We have utilized heparin agarose affinity
chromatography to resolve two naturally occurring
forms of antithrombin from normal human plasma.
The differences in affinity of antithrombins «
and B for heparin is evidenced both by eluticn
from a heparin agarose column and by the
dependence of antithrombin-thrombin reaction rates
on heparin concentration. Heparin agarose
affinity chromatography has also been used to
isolate recombinant human antithrombins expressed
in a CHO cell line.
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X1-022 REGULATORY ISSUES INVOLVED IN TAKING A NEW BIOPHARMACEUTICAL PRODUCT FROM CONCEPT
TO MARKET, Nancy J. Chew, NJC Enterprises, Ltd., 700 Washington St., New York, NY 10014 USA

Development of a new therapeutic agent requires nearly a decade
and costs hundreds of thousands of doliars. The development and
registration process is highly regulated. Technology transfer and the
steps required to develop an approvable marketing application wilt
be discussed. FDA's research requirements, quality assurance
regulations, and monitoring activities will be described from the point
of view of strategic planning. What activities require the most time,
which cost the most? What determines which substances ultimately
make it to the marketplace?

Before human testing can be done, pharmaceutical development,
animal pharmacology and animal toxicology studies must be carried
out. Classic small organic molecules have toxicity profiles that are
quite different from those of biopolymers. The requirements to show
safety and effectiveness must be met differently. Demonstrating the
safety of novel biopolymers is unprecedented. The practical
regulatory consequences of developing new tests is a crucial
strategic element.

The first test in humans is a critical step in the development of a
biopharmaceutical. Traditionally, such tests used limited numbers of
healthy volunteers to determine side effects. Increasingly,

X1-023 PROTEIN PURIFICATION:

biopolymers are tested for “proof of concept,” (effectiveness) during
initial human testing. The changing view of regulatory authorities is
an important element in the development of new technologies.

The latter phases of development include testing increasingly larger
numbers of patients to demonstrate that the product is safe and
effective for its intended use. New regulatory pathways have been
developed to short-circuit the process for rare, life-threatening, or
severely debilitating diseases. Many biopharmaceuticals are being
developed for such conditions. What are the practical impacts of
these regulatory innovations?

The process of compiing a marketing application for a
biopharmaceutical is a lengthy one. Once approved, FDA issues a
pair of licenses. The strategy for the development of the
biopharmaceutical product must include knowledge of FDA's
licensing regulations. The management of manufacturing
responsibilities is key to the ultimate profitability of the product.

Once a biopharmaceutical is on the market, what are the regulatory
requirements? How does the licensee interact with FDA on an
ongoing basis?

SCIENTIFIC AND REGULATORY CONSIDERATION ON GLYCOSYLATION, DEAMIDATION AND

OXIDATION OF PHARMACEUTICAL PROTEINS, Darrell T. Liu, Division of Biochemistry and Biophysics,

CBER, FDA, Bethesda, MD 20892.

Me general properties of glycoproteins, amide bonds
ind certain labile amino acids associated with
protein modification and alteration of activities
during purification and storage of pharmaceutical
protein will be discussed. Examples will be drawn
extensively from pharmaceutical proteins produced by
rDNA technology and brief references made on the
U.S. Orphan Drug Act and glycoprotein

Finishing Steps-1I

pharmaceuticals.
sound and

Methods that are scientifically
deamed reasonable for the
characterization, detection and quantitation of
different glycoforms, deamidated species and
oxidized form of amino acids will be discussed. The
presentation will conclude with requlatory concerns
and recommendation for the purification and
characherization of pharmaceutical proteins.

X1-024METHODS OF CHARACTERIZING PROTEIN PURITY AND INTEGRITY
W.S. Hancock, R.Chloupek, J. Battersby, A.Guzzetta and B. Keyt. Genentech Inc., 460 Pt. San Bruno Blvd. South San Francisco, CA. 94080

The advent of molecular biology has resulted in a tremendous stimulation of protein
characterization methods. Forexample, the routine production of protein pharmaceu-
ticals in large amounts has required determination of protein purity at very high levels.
Such ananalysis is acomplex problem dependent on the structural characteristics and
spectrum of potential impurities of the product. Another goal of characterization
studies is the detection of protein variants that arise from post-translational modifi-
cations, such as glycosylation, phosphorylation and acylations. The ability to carry
out high efficiency separations followed by sophisticated structural methods has
allowed the detection of very subtle modifications, such as isoaspartate formationand
the substitution of methionine with norleucine.

Reversed phase high performance liquid chromatography (RP-HPLC), particularly
incombination with mass spectrometry, has played akey role in these developments.

This technique can be used to establish identity between recombinant DNA-
derived and natural material as well as providing a valuable method for the
investigation of proteins in complex matrices. Afterisolation of a variant, the most
common approach is to prepare an enzyme digest and then analyze the peptide
mixture by electrospray mass spectrometry on-line with the HPLC separation.
This approach is particularly valuable for the characterization of glycoproteins.
After separation by RP-HPLC the elution position and structure of the glycopep-
tide families can be determined by reconstruction of the ion chromatograms using
molecular weights that correspond to the masses of each glycopeptide. While this
approach can not be used to discriminate isobaric structures, it gives the biochemist
a rapid method for mapping the carbohydrate structures in glycoproteins that are
available in as little as ug amounts.
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REMOVAL OF TRACE BIOCONTAMINANTS: DNA AND ENDOTOXIN, Christopher P. Prior,

Dave Weber, Rose D'Alisa, Jon Mitschelen, Ted Lee, and Mike Hrinda, Rhone-Poulenc Rorer
Pharmaceuticals, Central Research, 680 Allendale Road, King of Prussia, PA, 19406.

As part of the overall effort to assure product "safety”
in humans, it is necessary to reduce DNA and
endotoxin to the lowest levels possible as measured at
the limits of assay sensitivity. Protein purification and
process control strategies will be presented that

X1-026 REMOVAL AND

INACTIVATION OF MODEL VIRUSES BY METHODS COMMONLY USED

optimize removal of these trace contaminants to
acceptable levels. Three large-scale case studies will
be presented describing removal of DNA and
endotoxin from biopharmaceuticals purified from
plasma, cell culture, and recombinant E; coli.

IN  PURIFICATION OF

BIOPHARMACEUTICALS, Alexander F. Sito, Ph.D:, Quality Biotech inc., 1667 Davis Street, Camden, New Jersey

With advances in biotechnology, continuous cell substrates are now
being used to manufacture therapeutic proteins (biopharmaceuticals).
The use of such cell substrates may result in the potential transmission of
retroviruses as well as other adventitious agents to patients receiving
biopharmaceuticals. ~ To assure the safety of biopharmaceuticals,
manufacturers must validate their purification processes to demonstrate
the inactivation and/or removal of harmful contaminants, such as viruses,
nucleic acids, mycoplasmas, and scrapie-like agents. Processes used for
purifying products of mammalian cells are largely based on a
combination of ultrafiltration and column chromatography techniques

Late Abstract

which are designed to inactivate and remove viral and nucleic acid
contaminants without reducing the biological activity of the final product.
In order to demonstrate that the purification process can achieve this, it is
necessary to spike each stage of the process with host cell DNA and
known concentrations of resistant viruses which could be harbored by
the production cell line. The choice of viruses and nucleic acids used for
spiking experiments depends upon the species of producer cells and the
end product’s indication. Principles of process validation studies,
indu(ﬁng risk assessment, experimental design, and safety factors, will be
presented.

A NEW METHOD OF SCALING UP FREE FLOW ELECTROPHORESIS - CAPILLARY FREE FLOW

ELECTROPHORESIS (CFFE)

Prabha Painuly. Mark C. Roman, Robert P. Ritacco and Paul S. Schauer, Separations Technology, Division of EM Industries. 1080 Kingstown

Rd., P.O. Box 352, Wakefield, RI, USA 02880-0352

Free flow electrophoresis (FFE) has been used for the separation of
proteins and cells for a long time and has evolved into the most
promising method of continuous separation of biomolecules. One of
the major drawbacks inherent in free flow electrophoresis in the past,
however, is the thermal convection caused by joule heating which
occurs whenever a current is applied across a conducting liquid
medium. To provide efficient heat dissipation, the cross-section of
traditional FFE units is restricted to approximately 1 mm thick, which
limits sample throughput. A new continuous FFE apparatus, which
internally cools the separation unit by passing water through aligned
capillary tubes was developed. This innovation allows scale-up of the
separation without thermal convection.

This chamber is 20 times thicker than the conventional chamber.
Throughput of 1 gm/h of proteins on this unit have been achieved.
The bed of aligned capillary tubes does not contribute significantly to
band broadening due to electro-osmotic or laminar flow profiles. The
primary advantage of CFFE over other free flow electrophoresis units
is that it is a continuous separation process as opposed to a batch
process. No recycling is required as no thermal convection was
observed, even with residence times in excess of 10 minutes. The
heat transfer capacity is 1057 W at 3.8 I/min cooling water flow. The
purification of several proteins and peptides by capillary free flow
electrophoresis is presented.
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X1-100 PREPARATIVE NONDENATURING GEL ELECTRO-

PHORESIS OF 4S-LIMONENE SYNTHASE, A
MONOTERPENE SYNTHASE FROM SPEARMINT, William
Alonso, Efraim Lewinsohn, Mark Gijzen and Rodney Croteau,
Institute of Biological Chemistry, Washington State University,
Pullman, WA 99164-6340.

_ Monoterpene synthases occur in very low abundance in
specialized tissues, like most enzymes involved in the biosynthesis of
natural products. Consequently, the purification of these enzymes by
muitiple liquid chromatographic steps generally does not provide
sufficient levels of protein to permit N-terminal sequencing, production
of antibodies, etc. Thus, a preparative nondenaturing gel
electrophoresis system was developed to purify monoterpene synthases
directly from crude enzyme preparations, and improve the overall yield
of purified protein.

_ Nondenaturing PAGE is a very selective protein purification
technique since separation is based on net charge as well as size and
shape of the molecules. The multiphasic zone electrophoresis system
[MZE.3328.1V] of Jovin (1973, Ann. N.Y. Acad. Sci. 209, 477) has
considerable potential for the purification and analysis of many
different classes of enzymes because N-terminal modification of
proteins is avoided (Moos et al., 1988, J. Biol. Chem. 263, 6005),
and, in addition, it affords excellent recovery of enzyme activity
(Lewinsohn et al., 1992, Arch. Biochem. Biophys. 293, 167). Other
discontinuous nondenaturing PAGE systems that employ higher pH are
not useful for this purpose because the recoveries of enzyme activity
are often unacceptably low.

Here we report purification of 4S-limonene synthase
approximately 80-fold using the MZE.3328.IV system with the Bio-
Rad Model 491 Prep Celi. Initially, slab gel electrophoresis was
employed to test the utility of the MZE.3328.1V system for purifying
4S-limonene synthase from a crude enzyme preparation. Subsequently
the Bio-Rad Prep Cell was employed to scale up the purification so that
higsgler levels of protein could be obtained, thus facilitating additional
analyses.

THE EFFECT OF CODON CHOICE ON
EXPRESSION AND PURIFICATION OF BOVINE
PLACENTAL LACTOGEN,

Daniel F. Curran, James F. Kane, Bernard N. Violand, Nicholas
R. Staten, Kevin L. Duffin, Gregg Bogosian, Monsanto Research
Center, St. Louis, MO 63198

X1-102

Bovine placental lactogen (bPL) is a 200 amino acid protein in
the somatotropin/prolactin gene family. The mammalian gene
was sequenced and subcloned into an E. coli expression vector 10
produce the recombinant molecule. Fermentation expressed

~1 g/L bPL at 1000L scale. The material was purified and
characterized for use in studies to assess the in vivo activity

of bPL.

Initial characterization of bPL indicated that the amino acid
composition and N-terminal sequence was not different from
native bPL. Analysis of a bPL tryptic digest yielded an
uncharacteristic peptide. Sequencing identified this bPL peptide
as missing two internal amino acids, -R-L-. We propose this
novel occurrence resulted from an in-frame, two codon
translational hop within an open reading frame. The site of this
omission is an arginine codon which is not prevalent in E. coli.
This led us to modify the codons used for arginine to more
abundant ones.

Modifying these codons resulted in use of more abundant tRNA
species which improved expression by debottlenecking protein
synthesis and also eliminated the mistranslation. The improved
expression resulted in five fold increase in bPL produced as
indicated by both increase in size and number of inclusion
bodies. Efficiency of bPL recovery from cell lysate was also
improved, presumably due to an increased sedimentation
differential between the inclusion bodies and cell debris.
Downstream purification efficiency was unaffected by the codon
modification. Product quality improvement was characterized by
tryptic mapping and electrospray mass spectrometry which
verified the elimination of the two amino acid hop.
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X1-101 PURIFICATION FOR CRYSTALLOGRAPHIC ANALYSIS
OF TWO MONOCLONAL ANTIBODY Fab FRAGMENTS
DIRECTED AGAINST PSEUDOMONAS AERUGINOSA PAK PILIN

Amechand Boodhoo, Randy J. Read and Randall T. Irvin,
Department of Medical Microbiology and Infectious
Diseases, University of Alberta, Edmonton, Canada T6G
2H7.

Pseudomonas aeruginosa, a significant opportunistic
pathogen uses pili to adhere to respiratory surfaces to
initiate infections. To investigate the structure/function and
antigenicity of pilin, two monoclonal antibodies PK99H and
PK3B were generated and papain treated to produce Fab
fragments. The Fab isoforms were purified on a FPLC
system (Pharmacia) using a Mono P column. The
preparation and purification of these mixtures of Fab
species to iso-electric homogeneity for X-ray
crystallographic analysis will be presented. ( Supported by
the Medical Research Council of Canada, Alberta Heritage
Foundation for Medical Research, the Howard Hughes
Medical Institute and the Canadian Cystic Fibrosis
Foundation.)

X1-103PURIFICATION OF AN ACTIVE FORM OF THE
EXTRACELLULAR DOMAIN OF THE HUMAN
ERYTHROPOIETIN RECEPTOR AND ISOLATION OF SAN EPO-

teven A.

Middleton, Frank J. McMahon, Daniel Kroon, Eric Tsao, Linda S.

Mulcahy and Linda K. Jolliffe. R. W. Johnson Pharmaceutical Research

Institute, Department of Molecular and Cellular Biology, Route 202 Box

SOLUBLE RECEPTOR COMPLEX.

300, Raritan, NJ 08869

The extracellular domain of the human erythropoietin (EPO) receptor
(termed erythropoietin binding protein or hEBP) has been expressed in E.
coli and is insoluble. The overexpressed protein appears as an insoluble

component of the bacterial fermentations regardless of the presence of a

bacterial signal sequence. Under specific fermentation conditions, complete
processing of the signal sequence is observed to ultimately yield an
insoluble protein with a native amino terminus. A method for the recovery,
refolding and purification of active hEBP will be described. The most
important determinants for refolding of this protein appear to be protein
concentration and the time dependent conversion of a folding intermediate
into the active form of hEBP. From each gram of starting cells, obtained by
high density fermentation, overall yields of 0.5-1.0 mg of active hREBP have
been achieved. Utilizing the final product of this process and recombinant
human erythropoietin (EPQO), a soluble receptor-EPO complex has been
isolated and characterized. The details of these experiments will be
reported. This reagent should prove useful in biochemical and biophysical

studies of EPO/hEBP structure and function.
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-104 PROTEIN INTERACTION ASSISTED PURIFICATION
X OF MITOCHONDRIAL ASPARTATE AMINOTRANS-
FERASE (MAAT) FROM HUMAN PLASMA. AND THE
STRUCTURAL COMPARISON WITH ITS TISSUE FORM. Rao
V.L. Papineni and Tom R.C. Boyde, Department of Biochemistry,
University of Hong Kong, Hong Kong.

MAAT may prove a better discriminant in diagnoais of cestain disease
than crude measurements of tolal enzyme activity. It is present in
normal human plasma has been considered paradoxical in view of its
rapid clearance rate. Apparently, little is known about jts
physicochemical properties when in circulation. .
Considering the low levels of the enzyme (10ug/l) in the plasma, 2
sensitive hod is ded for isolati oyde (Biochem J
1969:59:111) demonstrated that MAAT binds to az-mu.:mg]obnhn
(a2M) in human plasma by a reversible coulombic interaction, and the
binding is strongly Eolen\inted by dilute borate buffers. We took
dvantage of this p "_thcencrmoumgl;:'uhr
complex by size-exclusion chromatography. The interaction between
M mdb}?MAT was reversed with the change of buffer conditions,
and the MAAT was scpanated from o2M by a second size-exclusion
chromatograph: .
The first s:&«’:'m“:% step yielded a 145% yield with a purity of 125
fold. The d size: ion ch phy resulted in two sets
of MAAT fractions depending an the binding to a2M viz. the rigidly
bound MAAT of 1840 fold .glun:heulu_ntileMMTmthau
fold purity. The yield was respectively.
Our Pr:T\l'Iyu. ln;):udng that the molecular properties of MAAT in
human plasma sre different from that of the tissue form will be
discussed.

X1-106 HUMAN N-MYRISTOYLTRANSFERASE: EXPRESSION
AND PURIFICATION FROM E. coli AND FROM
BACULOVIRUS-INFECTED INSECT CELLS, David C. Wood,
Rory F. Finn, Margaret D. Huang, Kevin L. Duffin, Nancee M.
Kimack, Roger C. Wiegand, and Verne A. Luckow, Monsanto
Corporate Research, St. Louis, MO 63198
Purification of useful quantities of rare proteins often requires
overexpression of the protein coding sequence in a suitable host
organism. The level of expression and cellular iocatization of the
protein are host- and protein-dependent and are not predictable
from DNA or amino acid sequence. We have expressed the
gene for human MyristoylCoA:Protein N-Myristoyltransferase
(NMT) in E. coli and in baculovirus-infected insect cells. In E.
coli, NMT expression was distributed between inclusion bodies
and a soluble, cytoplasmic form. {n baculovirus-infected insect
cells, soluble NMT was found in the culture medium and in the
intracellular fraction. From both hosts, purification of the soluble
NMT from cell lysates was accomplished by means of S-
Sepharose and hydroxylapatite chromatography steps. The
resulting protein was a single band by SDS-PAGE colividal
Coomassie staining analysis, and was produced with a yield of
~0.7 mg per gram (wet weight) cells. NMT from both hosts had
the same specific activity using GNAASARR-NH; as peptide
acceptor for the myristoyl moiety. For NMT derived from E. coli,
the expected N-terminal sequence was obtained by gas phase
sequence analysis as well as the expected molecular weight by
electrospray mass spectrometry analysis. However, in the case
of baculovirus-infected insect cells, electrospray analysis yielded
a mass ~50 amu greater than predicted, and gas phase
sequence analysis indicated a blocked N-terminus. The
chemical identity of this apparent N-terminal blocking group is
currently under investigation.

X1-105 SOLUBILIZATION OF GROWTH HORMONE AND OTHER
RECOMBINANT PROTEINS FROM E. coli INCLUSION BODIES
USING A CATIONIC SURFACTANT, Nirdosh K. Purit, Enzo Crivelli*,
Michael Cardamone*, Rodney Fiddes}, Joseph Bertolini*, Barry
Ninham§, and Maicolm R. Brandoni.
4SmithKline Beecham Animal Health, Lincoln, Nebraska, USA;
*Bunge Scientific and Technical Services, Melbourne, Victoria,
Australia; §Department of Applied Mathematics, Canberra, ACT,
Australia; and $Centre for Animal Biotechnology, Parkville, Victoria,
Australia.
Recombinant pig growth hormone (fPGH) was solubilized from
inclusion bodies (IBs) using the cationic surfactant cetyltrimethyl-
ammonium chloride (CTAC; (CH,);N*C,H;Cl). The solubilizing
action of CTAC appeared to be dependent on the presence of a
positively charged head group, as a non-charged variant was inactive.
Relatively low concentrations of CTAC, 1-5%, were required for
solubilization, and protein-bound CTAC was easily removed by ion-
exchange chromatography. Compared with solubilization and
recovery of rPGH from IBs with 7.5 M-urea and 6 M-GnHCl, the
relative efficacy of solubilization was lower with CTAC. However,
superior refolding efficiency resulted in final yields of purified rPGH
being in the order of CTAC > urea = GnHCl. Detailed comparison
of the different rPGH preparations as well as pituitary-derived growth
hormone by HPLC, native PAGE, CD spectral analysis and radio-
receptor-binding assay showed that the CTAC-derived rPGH was
essentially indistinguishable from the urea and GnHCI preparations.
The advantages of CTAC over urea and GnHCI for increasing recovery
of monomeric rPGH, by minimizing aggregation during refolding in
vitro were also found with recombinant sheep interleukin-I8 and a
sheep insulin-like growth factor II fusion protein. In addition, the
bioactivity of the cTac-derived recombinant interieukin-18 was
approximately ten-fold greater than that of an equivalent amount
obtained from the urea and GnHCI preparations. It is concluded that
CTAC represents an excellent additional approach or a superior
alternative to urea and in particular GnHC! for solubilization and
recovery of bioactive recombinant proteins from 1Bs.

X1-107 PURIFICATION AND CHARACTERIZATION OF

BOVINE AND PORCINE BONE MORPHOGENET-
IC PROTEIN. Yi Sheng Ni, Yong Dai. Department of Biolo-
gy» Peking University, Beijing 100871 China.

Bone morphogenetic protein (BMP) is an acidic polypep-
tide and induces differetiation of mesenchymaltype cells into
cartilaage and bone in soft parts and bone defects in vivo. We
report here on the bovine BMP (bBMP) and porcine BMP
(pBMP) are extracted from decalciferous bone matrix with
0. 5ml/L CaCl;, 6mol/L Urea or 4mol/L Gdn—HCI. Both of
them have apparent MW of 18 KD. A 34KD protein is Sepa-
rated by extraction with Triton X—100. A 24KD protein is
disassociated form BMP by precipitation in 1. 5mol/L Gdn—
HCIL. Aggregates of BMP and a 14KD protein are insolouble in
aqueous media. Implantation of composites of crude BMPs
and de—BMP decalciferous bone matrix (DDBM) in muscles
of rat induces ectopic bone formation DDBM aets as a carrier
which alone dose not induce bone formation. The same fune-
tion of ectopic osteo — induction of bBBMP and pBMP in rat

Suggests that BMP is not species specific.
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X1.200 A RAPID PURIFICATION PROCEDURE FOR HUMAN
SYNOVIAL PHOSPHOLIPASE A2 USING PERFUSION
CHROMATOGRAPHY™™ Byron Ellis, Pamela De Lacy, William
Burkhart, Anne M. Hassell, Steven R. Jordan, Daniel Kassel and Michael
Luther, Department of Structural and Biophysical Chemistry, Glaxo
Research Institute, Research Triangle Park, NC 27709
Phospholipases A2 are a diverse family of enzymes that hydrolyze
phosphoglycerides producing free fatty acids and lysophospholipids.
PLA2s are involved in mediating the inflammation response and have
been associated with many pathological conditions. In order to understand
their role in inflammation, it is important to gain knowledge of the
structure, catalytic action and mode of action of PLA2. This abstract
describes a rapid, efficient, scalable purification process for the production
of human synovial PLA2 (hsPLA2) for structural studies yielding enzyme
which is > 95% pure. The perfusion chromatography procedure we used
offers a distinct advantage over previously published procedures.
HsPLA2 was expressed in baculovirus, lysed using an acid extraction of
the transfected cells followed by cation exchange chromatography on a
Poros® Il HS column. This column could be run in excess of 20 ml/min
without loss of capacity or resolution. We recovered greater than 50% of
the hsPLLA2 activity and achieved a 50 fold purification. The fractions
containing hsPLA2 activity were pooled and desalted on a Sephadex® G-
25 column followed by chromatography on a C-4 reverse phase column.
80% of the applied PLA2 activity was recovered from the C-4 column for
an overall yield of 40%. The Poros® II HS column allowed us to complete
the entire purification procedure from cell lysis to purified enzyme in 8
hours. The enzyme was shown to be homogeneous by SDS-PAGE, amino
acid composition, N-terminal sequence analysis and mass spectroscopy.
The baculovirus expressed hsPLA2 has a MW of 13,900 +/- 2 by
electrospray mass spectrometry. The highly purified hsPLA2 forms
diffraction quality crystals suitable for various structural studies. We find
Poros® media to be an effective tool for designing an improved
purification method for hsPLA2.

X1-202 INITIAL DOWNSTREAM PROCESSING IN

EXPANDED BEDS BY USE OF A NOVEL
ADSORBENT. Rolf Hjorth, Ann-Kristin Barnfield Frej,
Hasse Hansson, Karl-Arne Hansson, Susanne Kampe,
Pharmacia BioProcess Technology AB, S-751 82
Uppsala, Sweden.

The technique of expanded bed adsorption offers
promising advantages in the initial recovery of proteins
from crude fermentation broths. The process steps
clarification, concentration and capturing can be
performed in one unit operation and thus permit
omissions of the traditional mechanical separation steps.
Novel adsorbents are developed to enable the practical
use of the expanded bed technology in production
processes.

Bovine serum albumin was recovered directly from yeast
cell fermentation. The yield of BSA in laboratory scale
experiments exceeds 90%. The recovery of recombinant
intracellular anticoagulant protein annexin V from E. coli
unclarified homogenates in laboratory and pilot scale
ielded more than 95%. The eluted material could then
e directly applied to a chromatography column.

This novel adsorbent for expanded bed adsorption is
derivatized with SP or DEAE groups on a matrix of cross
linked agarose with a mean particle size of 200 pm, and
high enough density to make expanded bed adsorption a
true possibility in purpose designed columns.

The dynamic binding capacity is typically 70 g lysozyme/l
adsorbent and 40 g BSA/l absorbent at 300 cm/h in
expanded beds for SP and DEAE derivative respectively.
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X1-201 OPTIMISING A FIRST CAPTURE STEP FOR
MONOCLONAL ANTIBODIES FROM CELL
CULTURE SUPERNATANT

Hazel Griffiths, Fiona Crisp, Cora Henwood and Denise Rowland,

Biotechnology Development Laboratories, Wellcome Rescarch

Laboratories, Langley Court, Beckenham, Kent, England. BR3 3BS.

Several alternative chromatography techniques have been assessed for
effectivencss at capturing humanised IgG, monoclonal antibodics from
cell culture supcrmatants with a view to use in a therapeutic protein
production process. The criteria assessed were: suitability for scale-up,
cost effectiveness, low ligand leaching, high recovery and purity of
product.

The capacity, robustness, ligand leaching and pressure / flow rate
characteristics were assessed for Protein A Sepharose 4FF (Pharmacia),
Protein A Agarose (ACL), PROSEP A (Bioprocessing Int.) and
POROS A/P (Perscptive Biosystems) all of which were protein A
affinity gels. Other methods for capturing the antibody from cell
culture super ts were d including ion exchange
chromatography, dye-ligand chromatography and affinity
chromatography based on a protein A mimic Avid AL (BioProbe Int.).
The results from these studies indicated that the CNBr activated support
gave low protein A leaching, as determined by in-house assay,
compared to othe