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Abstract: Antibodies and related proteins comprise one of the largest and fastest-growing
classes of protein pharmaceuticals. A majority of such molecules are monoclonal antibodies;
however, many new entities are antibody fragments. Due to their structural, physiological,
and pharmacological properties, antibody fragments offer new biopharmaceutical opportunities.
In the case of recombinant full-length antibodies with suitable Fc regions, two or three
column purification processes centered around Protein A affinity chromatography have
proven to be fast, efficient, robust, cost-effective, and scalable. Most antibody fragments
lack Fc and suitable affinity for Protein A. Adapting proven antibody purification processes
to antibody fragments demands different affinity chromatography. Such technology must
offer the unit operation advantages noted above, and be suitable for most of the many different
types of antibody fragments. Protein L affinity chromatography appears to fulfill these
criteria—suggesting its consideration as a key unit operation in antibody fragment processing.
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1. Introduction

There are in excess of 35 therapeutic monoclonal antibodies (mAbs) approved for clinical use [1-4]
with hundreds of new mAbs in various stages of clinical development or evaluation. There may be over
one thousand mAbs currently under study as biopharmaceutical agents, with approximately 300 new
candidates being added each year [5]. Several of these may be biosimilars of already successful
therapeutic mAbs [6]. The literature base for therapeutic antibodies is equally vast, with more than
200,000 published references on the subject [7]. Much recent interest is also directed towards antibody
fragments (Ab-fragments). Some mAb therapeutics may be developed into Ab-fragments displaying
alternate pharmacokinetics and other desired properties. Several Ab-fragment-based biotherapeutics
have been approved, including ReoPro® (abciximab, Janssen/Eli Lily), Lucentis® (ranibizumab,
Roche-Genentech), and Cimzia® (certolizumab pegol, UCB). In 2010 those three products had total
sales of over $3.5 billion (USD) [7]. Many more Ab-fragments are under development [3,8-20].

Antibody fragments (Figures 1 and 2) are of varied structure, but typically smaller than native
antibodies, and lack an Fc domain. Their smaller size offers more binding events per mass of protein
purified and administered, less viscous formulations (and, thus, ease of injection) and possibly improved
tissue delivery. The lack of an Fc domain is one reason Ab-fragments exhibit reduced circulation half-lives
and immune system activation [11]. The latter is advantageous in some applications (see below).
Ab-fragments, including fragment antigen-binding fragments (Fabs), single-chain variable fragments
(scFvs), such as pexelizumab (Alexion), and single-domain antibody fragments (dAbs) (Figure 2) are
examples of how antibody-based biotherapeutic agents are expanding in class and scope. Other examples
of Ab-based therapeutics include bi-specific antibodies, with two different antigen binding regions, such
as Removab® (catumaxomab, Fresenius/Trion), or antibody drug conjugates, such as Adcetris®
(brentuximab vedotin, Seattle Genetics).
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Figure 1. Structure of a typical full-size IgG antibody molecule showing its various domains.
Protein L binds to the variable region of the kappa light chain without interfering with the
antigen binding site.
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Figure 2. IgG and various fragments thereof together with detail of the antigen binding Fab region.

Although lack of an Fc region should reduce the circulation half-life of Ab fragments various
recombinant chemical modifications such as “PEGylation” can enhance Ab-fragment circulation
life [3,12—-15]. Cimzia® is one example of a PEGylated Ab fragment.

The ease with which Ab-fragments can be genetically or otherwise altered to improve target affinity,
extend in vivo half-life, or facilitate tissue targeting, has helped support rapid growth in studies involving
antibody fragments. Yet, while robust methods to purify mAbs at relatively large (many Kg) scale are
well established [16], there are still challenges associated with the production and purification of
antibody fragments [8,17-20]. Downstream processing presently constitutes a roadblock to delivering
clinically efficacious Ab-fragments at effective unit costs.

The three approved Ab-fragment pharmaceuticals noted above verify such fragments can be
produced, purified, and formulated at large scale. However they are purified using somewhat varied
processes which can include different chromatographic or non-chromatographic operations. This
contrasts with mAbs which are generally purified by rapidly adapting common, proven, robust,
“toolbox” approaches. In almost all cases such processes include an initial Protein A affinity capture
chromatography operation. Due to the fact that Ab-fragments lack Fc most Ab-fragments do not bind to
Protein A resins with the high affinity or capacity required in modern bioprocessing. More modern
affinity based operations may take advantage of Protein L (see below), Protein G [17], or other affinity
ligands capable of appreciably binding Ab fragments.

The following sections consider various types of antibody fragments that can be generated, how they
present unique purification challenges, and a possible role for Protein L chromatography as a “generic”
antibody fragment purification method. The review ends with summaries of two Protein L-based
Ab-fragment purification processes.
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2. Antibodies and Their Fragments

Full-size “intact” antibodies (Figure 1) are Y-shaped multi-domain protein molecules comprised of
two light (L) chains (either kappa or lambda) and two heavy (H) chains (either alpha, gamma, delta,
epsilon, or mu) linked by a series of disulfide bonds. Each L chain displays one variable (V) and one
constant (C) domain, while each H chain contains one V and three C domains. The antigen-binding
specificity of an antibody resides in the V domains located at the N-terminal regions of the L and H
chains. Thus antibodies are typically bivalent molecules, capable of binding two similar antigens. Three
“hypervariable”, or complementarity-determining regions (CDRs), are found within each Vu and VL
domain. Sequence variability is concentrated in these regions, and loop formation occurs here. The
remaining areas of the Vi and VL domains show less variation and comprise the framework (Fr) regions
which structurally support the loops [21].

Carboxy terminal-associated sections of the two H chains comprise the fragment crystallizable (Fc)
region involved in recruiting effector functions, such as complement fixation or immune cell activation,
as well as in stabilizing the Ab (to reduce aggregation). Fc promotes enhanced serum half-life, and also
binds to Protein A [22-24]. The multi-domain structure of antibodies supports the creation of smaller
molecular weight Ab-fragments which offer antigen recognition [25] and the possibility to combine
specific binding affinities [26,27]. The methodologies with which antibody fragments have been generated
range from proteolytic cleavage [28,29] to modern genetic engineering approaches. Further diversification
comes from their being covalently or recombinantly enhanced with other functional properties.

New forms of Ab-fragments with novel physical and pharmacological properties continue to emerge.
As such they can present varied challenges in their production and purification. Ab-fragments are
especially amenable to genetic manipulations (see below) or covalent modifications (e.g., [13,30]) aimed
at improving their affinity, stability, and function. Antibody fragments have been linked with
enzymes [31], toxins [32], and radionuclides for cancer treatment [33—35], as well as viruses for gene therapy,
liposomes or nanoparticles for improved drug delivery, and dye or other sensing substances [11,36—39].

Figure 2 depicts some Ab-fragments. Fabs are the oldest class [8] and were first generated by cleavage
of an intact antibody with an enzyme, such as papain [28]. Cleavage yields two monovalent Fab
fragments, each composed of one Vi and one VL chain linked by disulfide bonds and displaying a single
antigen-binding site. Fabs exhibit a number of properties that make them attractive as biotherapeutic
agents [40].

Single-chain Fv fragments (scFvs) are monovalent structures, with affinity for a single antigen.
Approximately 25 kDa in size, an scFv contains the V regions of an antibody’s heavy and light chains
fused into a single polypeptide chain via a short flexible linker. An scFv comprises the complete
antigen-binding site of its parental antibody molecule [41] but, lacking the Fc region, is unable to initiate
effector functions [42] or bind as appreciably as intact Abs to Protein A. Phage display and related
technologies [43—45] are readily adapted to scFv development. As such scFv’s are currently viewed as
promising therapeutic fragments, with several having been in clinical trials [3,7,9,46]. Recently scFv
fragments which can be internalized by cells were suggested as potentially novel agents for tumor
modulation [47].

Single domain antibody fragments (dAbs), consisting of Vu [48] or VL [49] domains of 12—15 kDa,
are some of the smallest functional antibody fragments that retain full antigen-binding specificity. They
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are approximately one-tenth the molecular weight (MW) of a normal antibody (150-160 kDa), one
fourth the MW of an average Fab (50 kDa) and half the MW of a typical scFv (25 kDa) [8,50-52].
Although dAbs contain only three of the six CDRs from the parent antibody, they exhibit antigen binding
specificity and affinity [52]. They can be remarkably stable under harsh conditions of temperature,
pressure, and denaturing chemicals [53].

It is known that Vi and VL domains can exist in vivo in certain human diseases, such as heavy chain
disease [54,55] and multiple myeloma [56]. Single-domain antibodies also occur naturally in animals.
Camelids produce a class of heavy chain antibodies (Vun) that are devoid of light chains [57,58].
Single-domain antibodies (called V-NAR) have been discovered in sharks [59,60]. Studies of such single
domain antibodies provide insight to the design of recombinant Ab-fragments.

3. mAbs and Their Fragments as Therapeutic Agents

mAbs are firmly entrenched as the most successful and widely used antibody-related reagents for
clinical and diagnostic applications, with sales in the US and Europe in the tens of billions of
dollars [5,7,61]. While mAbs are effective therapeutic agents when the antigenic target is well-defined
and accessible, such as in some cancers and autoimmune diseases, many diseases offer less accessible
(e.g., intracellular), cryptic, or hypoallergenic targets [40,62]. In such circumstances, antibody fragments
may provide advantages due to their smaller size and structure, and the ease with which they can be
produced and genetically modified [11,21,27,47,63—66]. Ab-fragment-related biomedical applications
include tumor treatment and imaging [67], viral replication suppression [68—70], toxin and venom
neutralization [41,71], and receptor blockage [36,72].

Due to their Fc region mAbs can persist in circulation for days to weeks. While this is advantageous
in some conditions, in others it is not [73]. Ab-fragments tend to be more readily cleared from the body.
While this may reduce their usefulness for some clinical applications [74], antibody fragments may be
better suited than Abs for other applications [8,75,76]. These include those requiring shorter-term tumor
penetration and imaging, where diagnosis depends on greater uptake of the labeled antibody by tumor
than normal tissue [26,48,62,77-79].

While Ab-fragments are typically monovalent, they can be combined (pre- or post-initial processing)
into multivalent entities, such as diabodies, triabodies, and tetrabodies [15,27,73,80,81]. Modification in
valency may lead to recruitment or modification of effector functions [11] which may be important in
different treatment regimens.

When prolonged serum half-life, but not the other physiological functions associated with Fc is
desired, Ab-fragments can be modified by various chemicals or polymers [3] or recombinantly fused to
serum albumin, or antibody constant regions [51]. “PEGylation” is currently the most established route,
due to the maturity of the technology and the success of several PEGylated biopharmaceuticals. Methods
to PEGylate antibodies and antibody fragments have been in existence for close to forty years [12,14],
as have methods to purify PEGylated proteins [82]. PEGylation typically reduces target affinity by a few
Logs but does not eliminate affinity or other interactions [13,15,18].
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4. Antibody Fragment Production and Purification

Antibody fragments often differ in physical properties from the antibodies they are derived from. For
example, lack of Fc region may result in their exhibiting greater tendency to aggregate [83,84] during
purification protocols.

Microbial, fungal, plant, and mammalian expression systems have been successfully used with
Ab-fragments [75,85]. Initially the most commonly used system was periplasmic expression in E. coli [51]
Production of Lucentis and Cimizia involve such expression [17]. Scanlan ef al. [20] recently noted the
trend for Ab-fragments to be expressed in high cell density prokaryotic or yeast cell fermentations [86].
This places significant demands on clarification and primary capture steps. They also noted that for
Ab-fragments which do not contain Fc domains, primary capture can be achieved via cation exchange
(CEX) chromatography. Some well-established CEX resins can offer dynamic binding levels >>100 g/L
for Ab-fragments [87]. Several vendors now sell CEX resins that function over broad ranges of
conductivity and pH. When an even wider range of potential operating conditions are required mixed
mode resins may be used in bind/elute mode [88]. Other approaches are possible depending on the
separation challenge’ for examples see [10,89-91]. Follow-on orthogonal unit operations may then
involve ion exchange, hydrophobic interaction or size exclusion. While several processing options exist
for Ab fragment purification, no methods of choice have yet emerged. An ideal purification platform
would be generically applicable for a wide range of antibody fragments, and allow rapid processing with
high product yield and purity [2].

The major drawback to non-affinity-based primary capture is that significant process development
effort must be applied to every fragment under consideration. In the case of mAbs, industry met a similar
challenge by using platforms where, to a large extent, highly-selective primary capture is afforded by
Protein A-based affinity chromatography. This allows more effort to focus on optimizing follow-on
chromatography, filtration or other operations to remove impurities and/or contaminants. It is, therefore,
of interest to consider if Protein L-based affinity resins can play a similar role in Ab-fragment processing.
Protein A is somewhat limited in regard to the antibody classes it interacts with (Table 1). A Protein
L-based production platform may not accommodate all Ab-fragments, but a suitable affinity toolbox
method could help make purification of many Ab-fragments cost-effective (for antibody processing
costs see [92]).

5. Protein L and Its Use in Antibody Fragment Bioprocessing

Several virulence-associated antibody-binding proteins isolated from the cell walls of bacteria have
proven to be useful for purification of antibodies, with Protein A (from Staphylococcus aureus) [93] and
Protein G (from groups C and G streptococci) [94,95] perhaps being the most well-known. Protein L
(from Peptostreptococcus magnus) [94,96] offers options for purification attributed to its rather unique
binding specificities (Table 1).
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Table 1. Protein A, G and L binding *.

Species and Antibody Class Protein A * Protein G*  Protein L

1. General

KappaLC 1, 3,4 None None Strong
Lambda LC None None None
Heavy chain ** Strong Strong None
Fab, ScFv, Dab Weak *** Strong Strong
2. Human

1gGy, IgGo Strong Strong Strong
1gG; Weak Strong Strong
1gGy Strong Strong Strong
IgA, IgM Weak None Strong
IgE Weak None Strong
IgD None None Strong
3. Mouse IgG Weak Weak Strong
1gG2a, 1G22 Strong Strong Strong
1gGs3, [gM Strong Strong Strong
4. Rat IgGy Weak Weak Strong
1gGaa, 1G22 None Strong Strong
1gGoc Strong Weak Strong
5. Pig total IgG Strong Weak Strong
6. Dog total IgG Strong Weak Weak
7. Chicken IgG None
8. Cow IgGy Weak Strong None
1gG, Strong Strong None
9. Goat IgG Weak Strong None
1gG, Strong Strong None
10. Sheep 1gG; Weak Strong None
1gG; Strong Strong None

Notes: * References [97,98], typical “Strong” affinities will reflect dissociation constants (Kd’s) < 1077 M.
** Protein A and G both bind to antibody Fc regions, however they exhibit some antibody subclass differences.
For example, Protein G binds more strongly than Protein A to polyclonal IgG from cow, sheep and horse.
Unlike Protein A, Protein G binds polyclonal rat IgG, human IgG3 and mouse IgG1 [99]. Protein A binds to
some VH-3 subclass heavy chains [100]. Protein G exhibits CH1 interaction [101]. *** Protein A only interacts
with the VH3 region of antibody fragments lacking Fc, hence binding to Fab, scFv or Dab will be dependent
on the heavy chain chosen.

Proteins A, G, and L all bind to different target sites in conserved framework regions of antibodies,
without compromising an antibody’s ability to interact with its antigen [100]. Protein A-based affinity
media are most frequently used to purify full-size antibodies because they recognize targets possessing
the Fc domain, however antibody fragments typically lack the Fc region which is why Protein A resins
are of limited use in Ab-fragment purification (see Table 1).

Protein L is present at the surface of about 10% of Peptostreptococcus magnus strains [102]. It is a
76 to 106 kDa protein containing four or five highly homologous, consecutive extracellular immunoglobulin
(Ig) binding, or B, domains (depending on the bacterial strain from which it is isolated) [103,104]. These
B domains are responsible for the protein’s interaction with Ig kappa light chains [94]. Given that its
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target is a light chain, Protein L will bind to representatives of most antibody classes, including IgG,
IgM, IgA, IgE, and IgD; however, in many cases where high affinity and high capacity binding are
required Protein A may be favored for practical reasons.

Protein L-based affinity chromatography resins for research applications have been offered
commercially by several vendors for many years. Such affinity resins have been used in the
noncommercial purification of scFv’s [31,41,80,89,105,106], Fab’s [91,106—108], and single-domain
antibodies [52,91,98,103,108,109].

Affinities of Protein L for various antibodies and fragments are indicated in Table 1. It should be
noted that the native form of Protein L does not recognize antibodies (or related fragments) from certain
animal species [99]. Genetic engineering could possibly allow Protein L to expand its versatility and
specificity (see below). As the binding site for Protein L resides in framework region 1 of the variable domain
of kappa light chain subtypes (kappa I, III, and IV from humans and kappa I and V from mice) [94,96,110],
fragments derived from antibodies that have kappa light chain subtypes can be purified using Protein L [100].
Since Protein L interacts with the light chain, it has no immunoglobulin class restrictions and offers the
potential of being a “broadly if not generally” useful affinity ligand [109]. Approximately 60% of
mammalian IgG light chains are kappa chains, with the remaining 40% being lambda chains that lack
binding sites for Protein L [73,98]. For Ab-fragments containing the lambda light chain, Camelid-
protein-based [79] affinity resins may be employed [19].

Genetic engineering may also allow Ab-fragments to acquire enhanced ability to bind to
Protein L [111-113]. Boes et al. [113] and Muzard et al. [114] demonstrated that Protein L binding
activity could be transferred from high-affinity Protein L binding antibodies to antibodies or scFv
fragments that normally did not react with the ligand. These modifications had little effect on either
antigen binding activities or antibody yields. The presence of the binding site provided a convenient
mechanism for detection of the antibody through use of labeled Protein L.

While Protein L is restricted to recognition of specific kappa light chains, there are examples in the
scientific literature where Protein L has been fused with other bacterial cell wall proteins, such as Protein
G and Protein A, to generate highly versatile affinity ligands with broad binding specificity [115-118].

6. Alternatives to Protein L: Peptide Tags and Mimetics

As with other recombinant proteins, antibody fragments can be genetically engineered to display
peptide tags, such as those possessing several histidines to facilitate purification by immobilized metal
affinity chromatography (IMAC) or other affinity approaches such as GST-C [119]. Das et al. [89]
compared immobilized metal affinity chromatography to Protein L affinity for the purification of
histidine-tagged scFv fragments, and found Protein L to be a more versatile and robust method.

Peptide tags may exhibit other challenges in regard to incorrect folding of the fragment during
expression, or with association of the V domains causing problems with affinity and specificity [120].
Proteases released during cell disruption may degrade tags [42]. Peptide tags may enhance aggregation
of antibody fragments, leading to product loss during purification [121]. However the most significant
drawback to the use of tags is the perceived need to remove potentially immunogenic tags by including
tag cleavage and removal steps in production. Use of Protein L circumvents tag-specific challenges
(Table 2).
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Table 2. Ab fragment affinity purification using protein L versus rTags such as GST-C or

6HIS IMAC *.
Criteria rTag Protein L
Effective Yes Yes
Alters Ab Fragment Possibly No
Requires Tag Cleavage Maybe No
Bioprocess Resins Available Yes Yes
Typical Dynamic Capacity (g/L) * NK 25 g Fab
Working pH stability 3-12 2-10
Effective cleaning in place Yes ™ Yes
Available Ligand or Tag Assays Perhaps Yes
Regulatory Support Yes Yes

* For definitions see text. * 10% breakthrough, 2.4 min residence time in 20 cm bed. NK = not known as can
vary, see text. ** Metal ion stripping may be required. *** e.g., 100 mM 1-thio-glycerol reducing agent, followed
by 0.05 M NaOH.

In the case of Protein L robust synthetic affinity ligands that mimic the action of the natural biological
ligand may provide an alternative for both mAb and Ab-fragment processing [122—124]. In time it will
be interesting to see if the improvements offered by synthetic ligands can match those offered by genetic
engineering of already highly evolved affinity proteins, e.g., [125—-127]. Twenty years of Protein A resin
development tends to favor the latter approach, but synthetic ligand development, screening methods,
and performance are continually improving.

7. Protein L Bioprocess Resins

Several vendors supply protein L-coupled chromatography resins for laboratory screening and use
(e.g., [128,129]). GE Healthcare offers Capto™ Protein L suitable for biopharmaceutical processing.
One might expect that “second generation” (engineered protein) Protein A and Protein L resins would
exhibit similar processing costs for mAb and Ab fragments respectively, with resin dynamic capacities
and cleaning-in-place (CIP) stabilities as important process variants [92]. Table 3 compares performance
of a MabSelect™ Protein A and Capto L resins, which are based on similar base matrices and ligand

linkage chemistries.

Table 3. Commercial protein A and L resins for large scale antibody and fragment processing *.

Criteria MabSelect Capto L
Rigid 85 pm Matrix Yes Yes
<500 cm/h in 20 cm high bed Yes Yes
rProtein Ligand (non-animal) Yes Yes
Typical Dynamic Capacity (g/L) * 30 g IgG 25 g Fab
Working pH 3-10 2-10
Standard cleaning in place ™" Yes Yes
Leached Ligand Assays Yes ™ Yes ™
Regulatory Support Yes Yes

* www.gelifesciences.com. * 10% breakthrough, 2.4 min residence time in 20 cm bed. ** e.g., 100 mM
1-thioglycerol reducing agent followed by 0.15 M NaOH for Protein A, or 0.02 to 0.05 M NaOH for Protein G.
*e.g., tProtein A ELISA kit from Repligen Corp., USA. ™ e.g., Protein L ELISA kit, Medicago AB, Sweden.
Example ligand leakage values are given in Section 8.
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Cleaning-in-Place (CIP) studies using the approach noted in Table 3 indicate that MabSelect can
survive more than 110 CIP cycles with no significant reduction in performance. More modern ligands
derived from Protein A antibody binding domains [125,126] offer enhanced basic pH stability and
several hundred CIP cycles using relatively inexpensive 0.1 to 0.5 M NaOH solutions. Present Protein
G resins can be CIP’d with NaOH but are not as chemically stable as Protein A, so an interval of
0.02-0.05 M NaOH is suggested. It is expected that next-generation Protein L resins may benefit from
similar recombinant technology [125-127].

8. Examples of Protein L-based Purifications

Various publications and patents describe non-affinity based Ab-fragment purification processes
using ion exchange [10,90] or hydroxyapatite [130] chromatography. Spitali et al. [10] describes a
process to purify an Ab-fragment from a periplasmic cell extract based on cation exchange target-capture
chromatography, followed by anion exchange target-flow-through chromatography. Development and
verification of two different Protein L affinity based separation processes were recently described for
Fab [131] and Dab [88] targets. Both examples involved three step processes with Protein L affinity
chromatography followed by two other chromatographic steps. In this sense they mimic the three column
processes common to production of most mAb biopharmaceuticals.

In the first example, purification of a kappa subclass Fab, of theoretical pl 8.5, in E. coli supernatant
at 1 g/L, involved Protein L affinity chromatography followed by target-capture cation exchange
chromatography to reduce Fab aggregates. This was followed by target-flow-through anion exchange
chromatography. Unit operation yields were >90%. High total process yield (>87%) was achieved with
Fab aggregate content reduced from 3.5% to 0.8% over the process. E. coli host protein was reduced
over four Logs to 13 ppm following Protein L chromatography, and to 6 ppm at the end of the process.
Feed endotoxin content of 1.7 million EU/mg of target protein was reduced to 11 EU/mg following
Protein L chromatography, and to <0.1 EU/mg at the end of the process. Protein L ligand leakage was
<6 ng/mL (analyzed using an ELISA kit from Medicago AB).

In the second example, [88] Capto™ L affinity and two mixed mode chromatography operations
(Capto MMC ImpRes and Capto adhere ImpRes) were used for domain antibody (Dab) purification. The
third column was again operated in target flow-through mode. The Dab target, of theoretical pI 9.2 and
MW 12.9 kDa, was expressed (0.3 g/L feed) in the periplasm of E. coli. As in the previous example, the
three-step purification process was developed using high throughput screening tools and then verified at
larger scale. Total process yield was >80%, with a Protein L step yield of 99%. E. coli protein in the
starting sample was more than 200,000 ppm whereas the final sample contained approximately 6 ppm.
Endotoxin content was reduced from approximately 2 million EU/mg in the feed to below the limit of
quantification (<0.1 EU/mg) in the purified sample. Protein L leakage was also at undetectable levels.

9. Conclusions

While the therapeutic potential for Ab-fragments is significant, their various structural formats
present challenges to production and purification. These challenges are more varied, but not unlike, those
associated with mAb production. For therapeutic use, large quantities of active ingredients are needed,
so large-scale production and purification must be efficient from the standpoint of product yield, purity,
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and cost. While there are different methodologies available for purification of mAbs, Protein A-based
affinity chromatography has emerged as the dominant primary capture method. With the advent of
suitable resins and ligands it is assumed that Protein L may possibly come to play a similar role in
Ab-fragment processing. Several Protein L-based resins are sold by different vendors and at least one
vendor offers Protein L resin suitable for GMP antibody fragment production, which offers performance
similar to Protein A resins already used in production of biopharmaceutical mAbs. In addition the
techniques used to improve Protein A resin capacity, lifetime, and ease of cleaning-in-place should be
readily applicable to improving Protein L resins.
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