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Work Flow

CDL - Clone Development Department

This department in biopharma division develops clones which are supposed to give the desired proteins. 

The proteins produced by the bacterial clones are present in the media along with the other components such as media components, secondary metabolites, aggregates of some or the other compounds. 

This laboratory has the capability of cell line development for biotherapeutics with small scale fermenters.

BDL – Bioassay Department

Clone selection and other tests are done in this department.

Here we cannot check the concentration of our proteins directly through O.D because other components of media would also contribute in the results.

Bioassay tests generally carried out are like ELISA etc.

USP – Upstream Processing Department

Here the process is taken from the shake flask to commercial scale bioreactor.

This laboratory is supported by various instrumentations such as incubators, biosafety hoods and bioreactors, microbiology, shakers, centrifuges etc.

DSP – Downstream Processing Department

Here the process takes place on the large scale. While USP uses small scale fermenters DSP uses the large ones and gives a bulk product. 

The product produced here is called DS. 

DPD – Drug Product Development

DS samples are used and added up with the other components such called excipients. After addition of excipients the name now given is DP.

BBM – Bio Bulk Manufacturing

DP, DS etc. whatsoever produced is used as reference. Using the same method BBM department produces the same thing as DP and this product is then packaged and sold into the market.

ADL - Analytical Development Laboratory

This department is a step between each department. ADL department is responsible for checking and reporting purities and impurities in the received sample. Every department sends sample here, be it USP, DSP, DPD etc. 

Techniques such as chromatography, mass spectroscopy etc are used to determine concentration of protein in the sample and impurities too.

 DQA – Development Quality Assurance 

DQA keeps a check on all the documentations of the analysis done.
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Chapter 1
INTRODUCTION










[bookmark: _Toc512038954] INTRODUCTION

Antibodies are biologic protein components that are produced by B lymphocytes, responsible for binding and neutralizing antigens and pathogens.  Antibodies tend to bind to its equivalent antigen in a highly specific manner through the Fab domain of an immunoglobulin giving antibody its recognized function. On the other hand, Fc region of the immunoglobulin binds with the surface receptors called Fc receptors. This activity activates the immune response and is responsible for providing immune mediated-effector functions. 
Antibodies are of two types, Polyclonal antibody and monoclonal antibody. Polyclonal antibodies are those which inherit from different cell lineages and are secreted against a specific antigen, each having the capacity to identify a specific epitope. Contrastingly, monoclonal antibodies are derived from a single cell lineage and have monovalent affinity that is they are specific to a single epitope. In India, most of the biopharmaceutical industries focus majorly on target specific biotherapeutics, amongst which monoclonal antibodies are major one as a biosimilar.

[image: Structure of Antibody]
Figure 1: Structure of Antibody
   
[bookmark: _Toc512038955]Monoclonal antibodies (mAbs):
[bookmark: _GoBack]Monoclonal antibodies (mAbs) represent a significant portion of products in the biopharmaceuticals market (Reichert et al., 2011). They are the most well discovered therapies for many conditions such as cancer, autoimmune diseases and infectious diseases. Of the many classes and subclasses of antibodies, IgG1 is the most common Ab used for pharmaceutical and biomedical purpose (Reichert et al., 2005). mAbs provide benefits over conventional pharmacotherapy in terms of potency, dosing frequency and specificity for their target antigen. (Catapano et al., 2013).
In some case, mAbs may also cause toxicity by interacting unintentionally with the target antigen on tissues other than the intended tissue. The first mAb product was approved in 1986 and was a murine antibody for the prevention of kidney transplant rejection; however, patients frequently developed antibodies against mouse derived MAbs, which limited their effectiveness (Jones et al., 2007).
[bookmark: _Toc512038956]   Types of Monoclonal Antibodies: 
[image: ]
Figure 2: Types of therapeutic monoclonal antibodies





There are four types of therapeutic monoclonal antibody:
1) Murine (mouse) mAb:
Fusing immortal mouse myeloma cells and splenic B cells from hyperimmune animals, a technique named Hybridoma technology; yielded fully murine (mouse) mAbs. Mouse derived antibodies were when used in human patients, patients developed human anti-mouse antibodies which lead to faster clearance of antibodies from the patients and developed non-specific toxicity like hypersensitivity reactions. (A.L. Catapano, 2013). These complications were serving as a barrier to the efficacy of long-term and repeated administration. So chimeric, humanized and fully human mAb were developed to reduce immunogenicity by increasing the amounts of human sequences.
2) Chimeric mAb:
Chimeric mAb is created by fusing antigen-binding fragment of variable domain (Fab) from the species used for immunization (typically mouse) and human constant domains.  
3) Humanized mAb:
Humanized mAb contains Fab sequences with smaller amounts of mouse sequence fused onto human constant domain. Thus, compared with mouse and chimeric mAbs, humanized mAb has more amount of human sequences which the likelihood to form Human anti-mouse antibodies. Hence clearing some of the barriers loaded up by the murine mAb.
4) Human mAb:
These fully human mAbs can be produced from in vitro systems such as phage display libraries or from in vivo platforms, such as transgenic mice. 
The first technique, wherein recombinant expression of human Fab fragments in a bacteriophage and selection of mAbs based on the required antigen-binding properties is involved and in the second technique, transgenic mice are used. Then human immunoglobulin genes are introduced into the mouse genome then after the transgenic mouse is immunized against a specific antigen. This immunization stimulates production of human mAbs that can subsequently be isolated and cloned from the mouse B cells. Overall, nine fully human mAbs are currently approved for use in Europe and the United States market. (Therapeutic monoclonal antibodies approved or in review in the European Union or United States, february 2012)


[bookmark: _Toc512038957]Applications:
Monoclonal antibodies have a variety of applications as enlisted below:

1. Diagnostic applications
2. Therapeutic applications
a) Direct use of MAbs as therapeutic agents
b) MAbs as targeting agents
3. Protein purification
4. Miscellaneous applications

1. Diagnostic applications:
mAbs have been in use as reagents in various tests like: biochemical analysis such as Radio Immunoassay (RIA) and Enzyme Linked Immuno-Sorbent Assay (ELISA). They are used to measure concentration of circulating hormones like insulin, growth hormone, TSH and several other tissue and cell products like blood clotting factors, interferons etc. 

2. Therapeutic applications:
mAbs have a wide range of therapeutic applications. They are used in treatment of cancers, transplantation of bone marrow and organs, autoimmune diseases, cardiovascular diseases and infectious diseases. 
The therapeutic applications of MAbs are broadly grouped into 2 types: 
a) Direct use of MAbs as therapeutic agents
Monoclonal antibodies can be directly used for enhancing the immune function of the host. Direct use of MAbs causes minimal toxicity to the target tissues or the host. 
b) MAbs as targeting agents:
Toxins, drugs, radioisotopes etc., can be attached or conjugated to the tissue-specific monoclonal antibodies and carried to target tissues for efficient action. This allows higher concentration of drugs to reach the desired site with minimal toxicity. In this way, MAbs are used for the appropriate delivery of drugs or isotopes.
3. Protein purification:
Monoclonal antibodies can be used for any protein. And the so produced MAb can be conveniently used for the purification of the protein against which it was raised. MAbs 

columns can be prepared by coupling them to cyanogen bromide activated Sepharose (chromatographic matrix). The immobilized MAbs in this manner are very useful for the purification of proteins by immunoaffinity method.

4. Miscellaneous applications:
Antibodies used as enzyme are termed as abzymes and are catalytic antibodies by function. Antibodies are developed in such a way that they possess recognized site structures, appropriate for the catalytic functions. This is a quite newly discovered perspective for monoclonal antibody application and studies related to it are on preliminary stage.

[bookmark: _Toc512038958]Biosimilars:
A biological similar or ‘biosimilar’ is a medicinal product which is an identical copy of original product. Biological medicines are those that are made by or derived from a biological source, such as a bacterium or yeast. They can consist of relatively small molecules such as human insulin or erythropoietin, or complex molecules such as monoclonal antibodies.
Biosimilar can only be authorized for use, once the period of data exclusivity on the original ‘reference’ biological medicine has expired. In general, this means that the biological reference medicine must have been authorized for at least 10 years before a similar medicine can be made available by another company. 
Characterization of Bio-similars is majorly carried out using various analytical techniques. These analytical techniques reveal about its physicochemical and structural properties.

[bookmark: _Toc512038959]Chromatography & its types used here:
Chromatography is a technique used to separate desired molecules from the mixture. Basic components of a chromatographic system include a mobile phase (liquid or gas), a stationary phase (a solid or a liquid on a solid support). The mobile phase flows through the stationary phase and carries the components of the mixture with it.
[bookmark: _Toc512038960]Affinity Chromatography:
Affinity chromatography is frequently used as the first step (capture step) of a two-step purification protocol, followed by a second chromatographic step (polishing step) to remove remaining impurities (Magdeldin et al., 2012)

This technique separates proteins on the basis of a reversible interaction between a protein and a specific ligand attached to a chromatographic matrix.
It offers high selectivity hence high resolution and usually high capacity.
Sample containing target proteins is applied under conditions that favor specific binding to the ligand. 
Unbound material is washed away, and bound target protein is recovered by changing pH of the buffer.
A low pH buffer favors the breaking of binding of mAbs to Protein A.  
Samples are concentrated during binding, and the target protein is collected in purified and concentrated form.
Purification through affinity chromatography includes following steps:
1. Incubation of a crude sample with the column matrix to allow the target molecule in the sample to bind to the immobilized Protein A in column.
2. Washing of unbound molecules from the column matrix.
3. Dissociation and recovery (Elution) of the desired molecule from the immobilized ligand by altering the buffer conditions so that the binding no longer occurs and the mAb elutes out.

The breakthrough development of affinity chromatography has led many researchers to explore in the field of protein- protein interactions, post translational modifications and protein degradation etc. (Campbell et al., 1951)
Antibodies were the first to be purified by affinity chromatography in 1951 by Campbell. After the discovery molecules like recombinant proteins, enzymes and other biomolecules were also purified by affinity chromatography (Campbell et al., 1951).
The high selectivity, specificity and resolution of this technique makes this technique popular for both lab and process-scale applications.

[image: http://www.caframolabsolutions.com/wp-content/uploads/sites/3/2016/09/Affinity-Chromatography-Process.jpg]
Figure 3: Principle of Affinity Chromatography

COLUMN CHEMISTRY
 A brand new Pro-A column contains cross linked poly styrene divinylbenzene flow through particles as support matrix with a unique pore size structure that provides rapid chromatographic separation. The particles are coated with a cross linked polyhydroxylated polymer.
This polymer is further attached with Recombinant Protein A. 
This recombinant Protein A is derived from the species of Staphylococcus aureus.
Protein A binds to the Fc region of the immunoglobulin which is responsible for the effector function of the antibody.
Such columns can be used for the quantitation and small-scale purification of biomolecules specific to the derivatized affinity ligand.
Operating temperature of column is 2-40˚C and maximum pressure applied on the column is 180 bar.
[bookmark: _Toc512038961]Size Exclusion Chromatography: 
[image: https://bio.libretexts.org/@api/deki/files/8195/Figure_9.4.1.png?revision=1]
Figure 4: Principle of SEC
Also known as molecular sieve chromatography, this technique separates molecules based on their size. 
This technique is generally applied to the macromolecules and industrial polymers.
The range of size of molecules separated by this technique is 5-250 kD.
When an aqueous mobile phase is used, SEC is also referred to as gel filtration chromatography (GFC). When an organic eluent is applied, SEC is referred to as gel permeation chromatography (GPC).
Aqueous phase using SEC is the most common type used in industries for protein purification and separation because of the effectiveness and non-denaturing manner of mobile phase.
It is popular for the isolation of proteins, removal of aggregates, desalting or characterization of water-soluble polymers used in food products, paints & pharmaceutical formulations.
SEC technique is often used for the final polishing step in industries for purification of proteins and so is considered to be a low resolution chromatographic technique. It is also helpful in determining the tertiary structure and quaternary structure of purified proteins. SEC is used chiefly for the analysis of large sized molecules like proteins or polymers. 
Stationary phases for aqueous SEC range from soft packing materials, such as dextran or agarose, to hydrophilic polymers to silica.
In today’s time, porous silica particles with high mechanical power are used for aqueous SEC in HPLC.
Commercially Available Columns: 
1. Analytical column- 7.5–8mm diameters, 
2. Preparative columns-22–25mm.
 The recently established columns with narrow diameter such as 2-3mm diameter are known to give better resolution and also save time.
Considering size of the column it has been observed that shorter columns save more time and solvent. While small particles in the matrix packing provides better resolution.
No matter 5mm or 3mm packing, yet they are subtler towards contamination contained by samples having impurities.
Particles as large as 20 mm have been recommended for very high-molecular-weight polymers. (Hong et al., 2012)
[bookmark: _Toc512038962]HPLC: 
High Performance Liquid Chromatography (HPLC) is basically an innovative version of column liquid chromatography. 
It is an process in which substances are pumped at high pressure through the separation column, which contains the ‘stationary phase’ of the separation in the form of densely packed, often chemically functionalizes beads. 
Once introduced into the column, it is the sample’s differential for the solvent and stationary phases that enable separation to occur, generally with sharper resolution than standard liquid chromatographs can be used for analytical preparative applications depending on the HPLC pump and the column size. HPLC columns are available in a variety of formats, including reverse phase, ion exchange, and size exclusion, which separates based on polarity, charge and size, respectively.
[image: Image result for hplc 1200 series]
Figure 5: HPLC Instrument










Modules of HPLC:
[image: https://laboratoryinfo.com/wp-content/uploads/2015/07/High-performance-liquid-chromatography-hplc.jpg]
Figure 6: Modules of HPLC  
	Unit
	Utility

	Solvent compartment
	The solvent bottles are put here, and solvents act as mobile phases.


	Degasser
	It removes the micro bubbles from the solvent line that reduces further problems like air peak in the chromatograms

	Pump
	Forces the mobile phase(s)

	Auto Sampler
	The samples to be analysed are put in vials in this compartment (temperature generally is 2-4˚C).

	Thermostat
	It maintains the assigned temperature of column as well as auto sampler.

	Column Compartment
	The stationary phase i.e. column is put here from where mixture of analytes in mobile phase must pass through and separate.

	Detector
	Provides a characteristic retention time for the analyte through giving respective signals.



Table 1: Modules of HPLC
[bookmark: _Toc512038963]HPLC INSTRUMENTATION:

INJECTOR: The sample solution is introduced into the flowing mobile phase at or near the head of the column using an injection system which can operate at high pressure. Fixed -1 loop and variable volume devices operated manually or by an auto-sampler are used.
STATIONARY PHASES: There are many types of stationary phases employed in liquid chromatography, including: a variety of chemically modified supports prepared from polymers, silica or porous graphite, used in reversed-phase liquid phase chromatography, where the separation is based principally on partition of the molecules between the mobile phase and the stationary phase.
The surface of the support, for example, the silanol groups of silica, is reacted with various silane reagents to produce covalently bound silyl derivatives covering a varying number of active sites on the surface of the support. The nature of the bonded phase is an important parameter for determining the separation properties of the chromatographic system.
For analytical separations, the particle size of the most commonly used stationary phases varies between 3µm and 10 µm. The particles may be spherical or irregular, of varying porosity and specific surface area. These parameters contribute to the chromatographic behavior of a particular stationary phase. The temperature of the mobile phase and the column must be kept constant during an analysis. Most separations are performed at room temperature, but columns may be heated to give higher efficiency. It is recommended that columns should not be heated above 60 degrees because of the potential for stationary phase degradation or changes occurring to the composition of the mobile phase.
Columns are tubular; column dimensions usually take the following format, internal diameter X length (4.6mmX 250mm). Sometimes shorter columns are used to do fast chromatography at higher than normal flow rates.
Chromatographic column contains a large number of separate layers, called THEORITICAL PLATE. Separation equilibration of the sample between the stationary phase and mobile phase occur in these “Plates”. The analyte moves down the column by transfer of equilibrated mobile phase from one plate to the next. Theoretical plate height is dependent on particle size.
MOBILE PHASES: For normal-phase chromatography, less polar solvents are employed. The presence of water in the mobile phase is to be strictly controlled to obtain reproducible results. Components of the mobile phase are usually filtered to remove particles greater than 0.45µm. the solvents may be delivered by individual pumps and are normally degassed before pumping by sparging with helium sonication or using on-line membrane/vacuum modules to avoid the creation of gas bubbles in the detector cell. Solvents for the preparation of the mobile phase are normally free of stabilizers and are transparent at the wavelength of detection, if an ultraviolet detector is employed. Solvents and other components employed are to be of appropriate quality. Adjustment of the pH, if necessary, is affected using only the aqueous component of the mobile phase and not the mixture. If buffer solutions are used, adequate rising of the system is carried out with a mixture of water and organic solvent modifier of the mobile phase (5% v/v) to prevent crystallization of salts after completion of the chromatography. 
ISOCRATIC: In this elution mode, the mobile phase is either a pure solvent or a mixture which remains same throughout the run, it has a constant composition.
GRADIENT: In this elution mode, the mobile phase composition changes during the separation. This mode is useful for samples that contain compounds with a wide variety of chromatographic polarity. As the separation proceeds, the elution strength of the mobile phase is increased to elute the more strongly retained sample components.
PUMPING SYSTEM: Liquid chromatographic pumping systems are required to deliver the mobile phase at a constant flow rate. Tubing and connections are capable of withstanding the pressures developed by the pumping system. It is capable of accurately delivering a mobile phase of either constant (isocratic elution) or varying composition (gradient elution), according to a defined programme.
DETECTORS: There are several ways of detection, when a substance has passed through the column. A common method which is easy to explain used UV absorption. Variable wavelength detectors, diode array detectors, are the most commonly employed detectors. If you have a beam of UV light shining through the stream of liquid coming out of the column, and a UV detector on the opposite side of the stream, you can get a direct reading of how much of the light is absorbed. The amount of light absorbed will depend on the amount of particular compound that is passing through the bean at that time.
You might wonder why the solvents used don’t absorb UV light. They do! But different compounds absorb most strongly in different parts of the UV spectrum. Methanol, for example, absorbs at wavelengths below 205nm and water below 190nm. If you were using a methanol-water as the solvent, you would therefore have to use a wavelength greater than 205nm to avoid from the solvent
[bookmark: _Toc512038964]ICH GUIDELINES: VALIDATION OF ANALYTICAL PROCEDURES: TEXT AND METHODOLOGY Q2(R1)

1. ANALYTICAL PROCEDURE: The analytical procedure refers to the way of performing the analysis. It should describe in detail the steps necessary to perform each analytical test. This may include but is not limited to: the sample, the reference standard and the reagents preparations, use of the apparatus, generation of the calibration curve, use of the formulae for the calculation, etc.
 2. SPECIFICITY:  Specificity is the ability to assess unequivocally the analyte in the presence of components which may be expected to be present. Typically, these might include impurities, degradants, matrix, etc. Lack of specificity of an individual analytical procedure may be compensated by other supporting analytical procedure(s). This definition has the following implications: Identification: to ensure the identity of an analyte. Purity Tests: to ensure that all the analytical procedures performed allow an accurate statement of the content of impurities of an analyte, i.e. related substances test, heavy metals, residual solvents content, etc. Assay (content or potency): to provide an exact result which allows an accurate statement on the content or potency of the analyte in a sample.
 3. ACCURACY: The accuracy of an analytical procedure expresses the closeness of agreement between the value which is accepted either as a conventional true value or an accepted reference value and the value found. This is sometimes termed trueness.
 4. PRECISION: The precision of an analytical procedure expresses the closeness of agreement (degree of scatter) between a series of measurements obtained from multiple sampling of the same homogeneous sample under the prescribed conditions. Precision may be considered at three levels: repeatability, intermediate precision and reproducibility. Precision should be investigated using homogeneous, authentic samples. However, if it is not possible to obtain a homogeneous sample it may be investigated using artificially prepared samples or a sample solution. The precision of an analytical procedure is usually expressed as the variance, standard deviation or coefficient of variation of a series of measurements.
 Validation of Analytical Procedures:
 Repeatability: Repeatability expresses the precision under the same operating conditions over a short interval of time. Repeatability is also termed intra-assay precision.
Intermediate precision Intermediate precision expresses within-laboratories variations: different days, different analysts, different equipment, etc. 
Reproducibility: Reproducibility expresses the precision between laboratories (collaborative studies, usually applied to standardization of methodology).
5. DETECTION LIMIT: The detection limit of an individual analytical procedure is the lowest amount of analyte in a sample which can be detected but not necessarily quantitated as an exact value. 
6. QUANTITATION LIMIT: The quantitation limit of an individual analytical procedure is the lowest amount of analyte in a sample which can be quantitatively determined with suitable precision and accuracy. The quantitation limit is a parameter of quantitative assays for low levels of compounds in sample matrices and is used particularly for the determination of impurities and/or degradation products. 
7. LINEARITY: The linearity of an analytical procedure is its ability (within a given range) to obtain test results which are directly proportional to the concentration (amount) of analyte in the sample. 
8. RANGE: The range of an analytical procedure is the interval between the upper and lower concentration (amounts) of analyte in the sample (including these concentrations) for which it has been demonstrated that the analytical procedure has a suitable level of precision, accuracy and linearity. 
9. ROBUSTNESS: The robustness of an analytical procedure is a measure of its capacity to remain unaffected by small, but deliberate variations in method parameters and provides an indication of its reliability during normal usage.



















Chapter 2
Rationale










[bookmark: _Toc512038965]RATIONALE

Pro-A method is selected for quantifying mAbs in samples PAEL and NPEL, due to its high specificity and lower interference from the matrix component. Quantitation in this method is based on a standard curve with the reference product of known concentrations. Hence mAbs titer (PAEL & NPEL) had been monitoring using pro-A chromatography. 
To evaluate % HMW and % LMW (soluble aggregates) of PAEL & NPEL and monitor % level of HMW and LMW during storage (at 2-8˚C and room temperature) by hold time stability using size exclusion chromatography as a quality parameter for mAbs.


























Chapter 3
 MATERIALS & METHODS









[bookmark: _Toc512038966]MATERIALS & METHODS
[bookmark: _Toc512038967]Materials:
[bookmark: _Toc512038968]Calibration curve:
MATERIALS & REAGENTS:
ProA mobile phase 1 (binding buffer) & mobile phase 2 (elution buffer)
APPARATUS:
HPLC (Make-Agilent)
UV Spectrophotometer
Nanodrop
Micro-pipettes 
0.2 µ filter
Filter assembly
Weighing balance 
 pH meter
Pro-A column
Quartz cuvette
SEC column
SEC mobile phase

Samples:
Reference standard: 
BSA and reference standard for mAb
Test sample:
PAEL & NPEL are matrices samples provided by USP and DSP labs.
1. PAEL: PAEL is a crude cell harvest having protein along with components such as cell debris, other proteins and secondary metabolites. pH of this sample is around 3. 
2. As this contains other proteins and antibodies too, desired MAb’s concentration is checked through affinity principle.
3. NPEL: NPEL is a sample constituted in eluting buffer whose pH is around 5. This sample is free from every other component and only the desired MAb is retained. Then pH is brought from 3 to 5.5 using Tris base as the MAb is stable at 5.5 pH

PROCEDURE: 
1. For UV Spectrophotometer:
· Apparatus is set up for preheating half an hour prior to estimation.
· 1mg/ml BSA used as a reference standard, Milli-Q water was used as blank and RMP of mAbs, PAEL, NPEL samples used as a test sample, measured OD at 280 nm as per protocol. Calculate concentration using extinction co efficient.
· Extinction co efficient of BSA – 0.66
· Representative calculation
Concentration of BSA – 0.67 X 1
                                        0.667
Where 0.67 is measured OD value
            0.667 extinction co efficient of BSA
            1- Dilution factor
2. For Pro-A HPLC:                 
a) Purpose of generating calibration curve:
· In analytical procedures, a calibration curve is also known as standard curve.
· It is a general method for determining the concentration of a substance in an unknown sample by comparing the unknown to a set of standard samples of known concentrations. The operator prepares a series of standards across a range of concentrations near the expected concentration of analyte in the unknown.
· The concentrations of the standards must lie within the working range of the technique (instrumentation) they are using. For most analyses a plot of instrument response vs. concentration will show a linear relationship. 
· The operator can measure the response of the unknown and, using the calibration curve, can interpolate to find the concentration of analyte. 
· As per ICH Q2 R1 guideline, calibration curve covers two validation parameters i.e. Linearity and Repeatability.

Procedure:
· Obtained RMP’s concentration is 2.18 mg/ml used as a stock solution and further diluted in the range of 0.1 mg/ml to 2mg/ml using diluent.
· Using the formula C1V1=C2V2 dilutions are calculated.

	Amount Loaded (µL)
	Conc (mg/ml)
	Volume of sample(2mg/mL) (µL)
	Volume of diluent (µL)
	Total Volume (µL)
	Volume injected     
(µL)

	10
	0.1
	4.5
	995.5
	1000
	100

	25
	0.25
	11.4
	988.6
	1000
	100

	50
	0.5
	22.7
	977.3
	1000
	100

	100
	1
	45.5
	954.5
	1000
	100

	125
	1.25
	56.8
	943.2
	1000
	100

	150
	1.5
	68.2
	931.8
	1000
	100

	175
	1.75
	79.5
	920.5
	1000
	100

	200
	2
	91
	909
	1000
	100



Table 2: Preparation of Dilutions for calibration curve

Calculation: (for calibration)




              

   

b) For titer determination:
· Samples were received from USP lab and concentration of protein was noted down. 
· As per protocol, if the concentration is found to be more than 10mg/ml than they must be diluted to 10mg/ml and 1mg/ml. So PAEL and NPEL samples were further diluted to 10 mg/mL followed by 1 mg/mL and cross-verified concentration using nanodrop.
· Pro-A Buffers are then setup in the system and Pro-A column is equilibrated. Then samples are made to run in the system according to protocol designed by the company.
· Integrate chromatogram using Chemstation software and calculate concentration using below formula.

3. For SE-HPLC:
· Samples of PAEL & NPEL received from DSP were diluted to 1mg/ml.
· The samples when received is considered to be the 0 hour.
· DSP keeps the sample of PAEL at 2-8˚C for 12 hrs and 24 hrs while at RT, the samples are kept for 12 hrs.
· Whereas the samples of NPEL at 2-8˚C are kept for 24 hrs and 72 hrs while at RT, the samples are kept for 24 hrs and 48 hrs.
· The samples as and when received are made to run on HPLC. 
· SEC buffers are loaded, and system is setup. Column is equilibrated and then the samples are loaded for analysis, integrate chromatogram and calculate % HMW & % LMW using Chemstation software.
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[bookmark: _Toc512038970]UV Spectrophotometer:

	Sample
	OD @ 280 nm
	Ex Co efficient
	Dilution Factor
	Concentration (mg/mL)

	BSA
	0.67
	0.667
	1
	1

	RMP of mAb
	3.229
	XXX
	1
	2.18

	PAEL
	0.772
	XXX
	15
	16.14

	NPEL
	0.782
	XXX
	40
	10.99



Table 3: UV Spectrophotometer results

Concentration of RMP of mAb is observed to be 2.18 mg/ml which is further used in the generation of calibration curve by Pro-A affinity chromatography.
Concentration of PAEL& NPEL is observed to be 16.14 mg/ml and 10.99 mg/ml respectively which is further confirmed by Pro-A affinity chromatography.















[bookmark: _Toc512038971]Calibration curve generation by Pro-A HPLC:

	Amount Loaded
	Conc (mg/ml)
	Area of inj 1
	Area of inj 2
	Area of inj 3
	Average area
	STD
	%RSD
	Back calculated
	%Recovery

	10
	0.1
	347.640
	362.386
	352.968
	354.331
	7.5
	2.1
	0.10
	100

	25
	0.25
	954.018
	952.170
	946.282
	950.823
	4.0
	0.4
	0.25
	101

	50
	0.5
	1939.709
	1919.594
	1966.073
	1941.792
	23.3
	1.2
	0.51
	101

	100
	1
	3829.854
	3823.500
	3819.366
	3824.240
	5.3
	0.1
	0.99
	99

	125
	1.25
	4793.998
	4813.066
	4811.931
	4806.332
	10.7
	0.2
	1.24
	99

	150
	1.5
	5790.312
	5802.573
	5804.893
	5799.259
	7.8
	0.1
	1.50
	100

	175
	1.75
	6802.282
	6816.320
	6809.394
	6809.332
	7.0
	0.1
	1.76
	100

	200
	2
	7771.756
	7777.410
	7781.625
	7776.930
	5.0
	0.1
	2.00
	100



Table 4: Results of Calibration curve generated according to ICH Q2 R1 guidelines


Figure 7: Calibration curve
               


CALCULATION: for 0.5mg/ml concentration



= 23.3/1941.792*100

=1.2% RSD



= (1941.792+34.805/3897.2)

=0.51mg/ml


= (0.51/0.5) *100
=102%
Method is linear from 0.1 mg/mL to 2 mg/mL with % RSD less than 5 %. Max %RSD observed 2.1 as shown in above table. % Recovery obtained is 99 % to 101 %. 
From graph R2 value observed was 0.9999, slope was 3897.2
[bookmark: _Toc512038972]Determination of titer by PRO-A:
[bookmark: _Toc512038973]Protein A results of NPEL and PAEL samples:

A hold time study and was carried out at different time points and temperatures whose representative chromatograms are given below.
After number of purification steps of PAEL & NPEL, done by DSP department, drug substance (DS) is formed. These DS of NPEL & PAEL are then kept for hold time study under various parameters out of which time and temperature are considered here in this project.

PAEL sample:
[image: ]
 Figure 8: PAEL chromatogram of PRO-A Affinity Chromatography
	#
	Time
	Area
	Height
	Width
	Area%
	Symmetry

	1
	5.277
	4038.5
	423.7
	0.1472
	100
	0.813



Table 5: PAEL result of PRO-A Affinity Chromatography










NPEL sample:
[image: ]
Figure 9: NPEL chromatogram of PRO-A Affinity Chromatography
	#
	Time
	Area
	Height
	Width
	Area%
	Symmetry

	1
	5.279
	4044.4
	416.8
	0.1492
	100
	0.818



Table 6: NPEL result of PRO-A Affinity Chromatography
[bookmark: _Toc512038974]Protein A results of NPEL and PAEL samples from USP:

	PRO-A AFFINITY CHROMATOGRAPHY RESULTS OF NPEL & PAEL SAMPLES FROM USP

	Sr No.
	Sample ID
	Area
	Back Calculated conc. based on curve (mg/mL)
	DF
	Final Conc.(mg/mL)
	%Recovery

	1
	NPEL Buf_0.5 mg/mL spike
	1923.313
	0.50
	1
	0.50
	100

	2
	PAEL Buf_0.5 mg/mL spike
	1909.349
	0.50
	1
	0.50
	100



Table 7: Compiled data of Pro-A of PAEL & NPELmin
0
5
10
15
20
25
30
mAU   
0
200
400
600
800
1000
 VWD1 A, Wavelength=215 nm (D:\CHEM32\...8 2018-01-03 09-27-58\P23_PA_030118_P23-BM-ENG-01NEL24H_2_8INP.D)
 11.197
 12.804
 13.383
 13.663
 15.515
 23.362
 25.895

As never analyzed before PAEL & NPEL samples were run in Pro-A affinity chromatography and referring to calibration curve we got 100% recovery of the loaded sample. 
[bookmark: _Toc512038975]Protein A results of NPEL and PAEL samples of Hold Time Study:

Hold time study is carried for stability purposes. It was carried out at three different time and temperature parameters.
Time parameters are Day 1, 2, and 3.
0-hour concentration is taken as control to compare the upcoming results. 
Temperature parameters are room temperature and 2-8°C.
This study is carried out to confirm that the stability of the batches remain consistent after these many parameters are applied.

	PRO-A AFFINITY CHROMATOGRAPHY RESULTS OF HOLD TIME STUDY

	Sr No.
	Sample ID
	Area
	Back Calculated conc. based on curve (mg/mL)
	DF
	Final Conc.(mg/mL)
	%Recovery

	1
	PAEL at 0 hr
	4293.383
	1.11
	16.14
	17.92
	NA

	2
	PAEL at 2-8°C after 12 hr
	4176.698
	1.08
	16.14
	17.44
	97

	3
	PAEL at 2-8°C after day1
	3950.364
	1.02
	16.14
	16.50
	92

	

	4
	PAEL at RT after 12 hr
	4648.552
	1.20
	16.14
	19.40
	108

	

	Sr No.
	Sample ID
	Area
	Back Calculated conc. based on curve (mg/mL)
	DF
	Final Conc.(mg/mL)
	%Recovery

	1
	NPEL at 0 hr
	4476.465
	1.16
	10.99
	12.72
	NA

	2
	NPEL at 2-8°C after day1
	4041.406
	1.05
	10.99
	11.49
	90

	3
	NPEL at 2-8°C after day3
	3872.348
	1.00
	10.99
	11.02
	87

	

	4
	NPEL at RT after day1
	4039.573
	1.05
	10.99
	11.49
	90

	5
	NPEL at RT after day3
	2664.542
	0.69
	16.49
	11.42
	90



Table 8: Compiled data of Pro-A of Hold time study

 
Figure 10: Representation of Protein concentration (mg/ml) of NPEL & PAEL at 2-8˚C against Hold time (hrs)

% RSD of the above stated protein concentrations was 4.2 % & 7.5 % for PAEL & NPEL respectively at 2-8 degrees.
% RSD of the above stated protein concentrations was 5.6 % & 6.2 % for PAEL % NPEL respectively at room temperature.
The ProA results of hold time study samples indicate that MAb concentration for both NPEL and PAEL samples hold at 2-8 degrees for different time points (0, 12, 24,72 hours) varies within 10 %, which is under the limit of acceptance criteria

[bookmark: _Toc512038976]Determination of soluble aggregates by SEC:
[bookmark: _Toc512038977]SEC results of NPEL and PAEL samples from USP:








PAEL sample:
[image: ]
Figure 11: PAEL chromatogram of SEC
	#
	Time
	Area
	Height
	Width
	Area%
	Symmetry

	1
	11.183
	104
	3.1
	0.4724
	0.16
	2.124

	2
	12.796
	73.6
	2.9
	0.3927
	0.113
	0.918

	3
	13.646
	217
	4.1
	0.821
	0.334
	0.941

	4
	15.517
	64163.6
	2235.2
	0.4456
	98.742
	0.891

	5
	20.335
	5.5
	2.10E-01
	0.3782
	0.008
	0.707

	6
	23.359
	417.4
	16.5
	0.3881
	0.642
	0.973



Table 9: PAEL result of SEC






NPEL sample:
[image: ]
Figure 12: NPEL chromatogram of SEC
	#
	Time
	Area
	Height
	Width
	Area%
	Symmetry

	1
	11.197
	42.7
	1.1
	0.4988
	0.132
	2.775

	2
	12.804
	32.9
	1.4
	0.3692
	0.102
	0.999

	3
	13.383
	52.4
	1.7
	0.4394
	0.163
	1.212

	4
	13.663
	54.2
	1.8
	0.4434
	0.168
	9.86E-02

	5
	15.515
	31175.4
	1108.4
	0.433
	96.724
	0.894

	6
	23.362
	868.7
	33.1
	0.3993
	2.695
	0.925

	7
	25.895
	5
	1.30E-01
	0.5118
	0.016
	1.405



Table 10: NPEL result of SEC








[bookmark: _Toc512038978]SEC results of NPEL and PAEL samples of Hold Time Study:

	SEC RESULTS OF HOLD TIME STUDY

	Sr. No.
	Sample Name
	% HMW
	% Purity
	% LMW
	Total area

	1
	PAEL at 0 hr
	0.85
	98.95
	0.21
	52712.340

	2
	PAEL at 2-8°C after 12hrs
	1.00
	98.82
	0.19
	46011.700

	3
	PAEL at 2-8°C after day1
	0.84
	99.00
	0.17
	64818.005

	

	4
	PAEL at RT after 12hrs
	0.92
	98.99
	0.09
	44014.467

	

	Sr. No.
	Sample Name
	% HMW
	% Purity
	% LMW
	Total area

	1
	NPEL at 0 hr
	0.87
	98.92
	0.22
	45674.525

	2
	NPEL at 2-8°C after day1
	0.79
	99.14
	0.07
	31471.057

	3
	NPEL at 2-8°C after day 3
	0.82
	99.08
	0.11
	44109.32

	

	4
	NPEL at RT after day1
	0.77
	99.11
	0.12
	31212.139

	5
	NPEL at RT after day2
	0.85
	99.04
	0.11
	47218.280



Table 11: Sec Results of Hold Time Study

The purpose of performing SEC for hold time study was to check the % of soluble aggregates (i.e. HMW or LMW impurities), which may increase during the mAb’s storage at 2-8˚C or RT for certain period.

Figure 13: Representation of soluble aggregates in PAEL by SEC

Figure 14: Representation of soluble aggregates in NPEL by SEC
        
Figure 15: Representation of soluble aggregates in NPEL by SEC (hold at RT)

The above figures show that the mAb hold at 2-8 degrees for 0 hr,12 hr,24 hr & 72 hr and hold RT for 0 hr,12 hr,24 hr & 72 hrs had no impact on the purity of mAb in terms of % of monomer.  
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[bookmark: _Toc512038979]CONCLUSION:

· As per ICH guideline, calibration curve generated for Pro-A HPLC in the range of 0.1 mg/mL to 2 mg/mL, which was used in titer determination by Pro-A HPLC for mAb.
· Quality parameter of NPEL i.e. % HMW, % Monomer, and % LMW negligibly change at storage time for 3 days at 2-8˚C and 2 days for RT and same as for PAEL, % HMW, % Monomer, and % LMW negligibly change for 12 hours at RT and 24 hours at 2-8 ˚C.
This study is carried out to confirm that the PAEL stable for 24 hours at 2-8 ˚C and 12 hours at room temperature. NPEL stable at 3 days for 2-8 ˚C and 2 days at room temperature
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