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Methods of Inactivation of Viruses Using 

N-Methylglucamide and its Derivatives 

Background 

Biotherapeutics are molecules produced from a process that involves raw 

materials of any kind of biological origin, i.e. cell lines, cell culture fluids, and tissue 

or body fluids. The manufacturing of biologically-derived therapeutics is a complex 

process that requires many purification steps to assure safety. It is especially 

	

10 	important to consider there might be microbial contamination each step or process 

along the way. in case of recombinant protein production, the hiotherapeutics are 

mostly made by the cultivation of engineered human or animal derived cells [i.e. 

Chinese hamster ovarian (CHO) or baby hamster kidney (BHK) cells] harboring a 

plasmid DNA containing the gene of interest (G-OD, or hybridom.a cells i.e. NSO, and 

	

15 	a series of unit operations implementing the purification process. It is well known that 

CHO and BHK (Chan, S.Y., 1994, Wang 0. et al 1999 & Suzuki A. et al 1982) cells 

have chromosomally integrated proviral elements coding endogenous retrovirus-like 

particles (BRUN). Biotherapeutics preparation from whole blood or plasma faces 

challenges of raw material contamination by blood borne pathogens i.e. hepatitis virus 

	

20 	B (HBV), hepatitis C (HCV) viruses etc. In addition, adventitious agents might be 

introduced into manufacturing intermediates which create further challenges on the 

manufacturing. Thus far there are many reports of bioreactor viral contamination 

incidents (Hsieh, W.T. et al 2008, Qiu Y. et al, 2013). In particular, the inactivation 

and/or removal of viruses have plagued the biologics industry for many years. Some 

	

25 	of the reasons include the variability in sources that the vinises are derived from as 

well as the small sizes. 

Viruses are divided into enveloped and non-enveloped groups. Endogenous 

retrovirus-like particles are enveloped and found in the CHO and BHK cells and their 

related culture fluids which create a risk of contamination for further purification 

	

30 	steps, facilities, instruments, and the environment. Though no infectivity has been 

observed using current methods, endogenous retrovirus-like particles present a 

potential risk to patients and to the industry. For all of these reasons it has become 
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increasingly important to quickly and effectively inactivate and/or remove these 

contaminants from the manufacturing processes. 

Detergents have been used as an important tool in inactivating viruses in a 

variety of arrays and assays. Beginning in the 1980s, detergents have increased the 

	

5 	safety of blood sample pools (for patients in need of blood transfusions or blood 

components, such as plasma derived therapeutic products) and laboratory personnel 

handling the samples. More recently, detergents have been widely used in the 

manufacturing processes of biological therapeutics and/or vaccines that have the 

potential risk of viral contamination. In biological drug manufacturing, the most well- 

	

10 	characterized and highly effective detergents used for the inactivation of enveloped 

viruses are nonionic detergents such as polysorbates (Tween-20, Tween-80), Triton 

X-100 (also known as Octoxinol-10) and tri-n-butyl phosphate (TnBP, often used as a 

solvent with polysorbates or Triton X-100). Polysorbates are highly effective in 

ambient conditions, but at a relatively high concentrations and potency decreases with 

	

15 	lower temperatures. Therefore, these detergents may not be the best option for the 

manufacturing of biological materials that require lower temperature conditions which 

are important for stabilizing the biological activities and molecular structures. 

Triton X-100 (also Octoxinol, Octoxinol-3, Preceptin) is a classic, well- 

established effective detergent in inactivating viruses. Triton X-100 together with its 

	

20 	derivatives is highly potent at very low temperature. The octylphenol component of 

Triton-X 100 has been characterized to interact with the estrogen receptor leading to 

reproductive impacts in exposed animals. Bioprocess wastes containing Triton X-100 

would cause negative consequences, especially for aquatic life if directly discharged 

into the environment. The treatment or recovery of the Triton X-I00 from the 

	

25 	bioprocess wastes would be very costly and troublesome. The pursuit of new 

environment friendly detergents (or non-ecotoxic) that effectively inactivate viruses 

without altering the bioactive drug has been a priority for many -biopharmaceutical 

industries. Therethre, discovering effective, robust and environmentally safer 

detergents have been a high priority for biopharmaceutical industries. 

30 

Summary 

The embodiments of the present method comprise purifying a biological 

product solution of interest having an unidentified enveloped virus contaminant, 

2 
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comprising incubating the biological product solution of interest with an N- 

methylalucamide solution, inactivating any potential enveloped virus contaminant 

present in the biological product solution, and purifying; the biological product 

solution. 

	

5 	A method of purifying a biological product solution of interest having an 

unidentified enveloped virus contaminant, comprising incubating a biological product 

solution of interest with a standard solution, inactivating any potential enveloped virus 

contaminant present in the biological product solution of step (a), measuring the 

inactivated virus present in the final solution of step (b), incubating a separate 

	

10 	biological product solution of interest with a N--methylglucamide solution, measuring 

the inactivated virus present in the final solution of step (d), and comparing the results 

of the final solutions of step (c) and step (e). 

Brief Description of the Drawings 
15 

The skilled artisan will understand that the drawings, described below, are for 

illustration purposes only. The drawings are not intended to limit the scope of the 

present 

teachings or claims in any way. 

	

20 	FIG. I shows a theoretical general mechanism for detergent disruption of 

enveloped viruses. Enveloped viruses such as retroviruses have an icosahedron- 

shaped nucleocapsid protected by a viral enveloped originating from the host cells and 

virus. Each detergent molecule has a hydrophilic head and hydrophobic tail, lending 

to its amphiphilic structure. The two portions determine the critical micelle 

	

25 	concentration (CMC), which is a specific property of each detergent. Detergent 

monomers can insert within the virus envelope below a specified CMC and may or 

may not interfere with the attachment of the virus to the host. Conversely, at 

concentrations at or above CMCs, more detergent monomers can insert into the 

envelope and cause the disruption of the envelope, thereby rendering the virus unable 

	

30 	to bind to its receptor on the host cell surface. 

FIG. 2 shows the hydrophobic (nonpolar) and hydrophilic (polar) regions of an 

N-methylalticamide detergent. 

FIG. 3 shows the two-dimensional (2D) and three-dimensional (3D) structures 

of N-methylglucamide detergent homologs. Similarly, each compound is composed of 

3 
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a hydrophobic fatty acid chain consisting of 8-10 or 12 carbons that are linked by an 

amide bonded to an acyclic, hydrophilic glucose sugar moiety. 

FIG. 4 shows X-MuLV is completely inactivated within 30 minutes at room 

temperature when recombinant FVIII (rFVIII) is incubated with 0.5x, lx, 2x of the 

	

5 	CMC of Mega 8, and Mega 9, Mega 10, and Mega 12 individually. 

FIG. 5 shows X-MuLV is completely inactivated within 30 minutes at 2.0 `C 

when recombinant FVIII (rFVIII) is incubated with lx and 2x of the CMC of each 

detergent separately (Mega 8, and Mega 9, Mega 10, and Mega 12). 

FIG. 6 shows complete X-MuLV inactivation is achieved by 0.3% (w/v) Mega 

	

10 	10 and 0.3% (w/v) Triton X-100 when incubated in recombinant FVIII (rFVIII) at 2.0 

'C for 30 minutes demonstrating similar potency of the two detergents. 

FIG. 7 shows that recombinant Mil (rFVIII) maintains its activity even after 

2 hour incubation with water or Mega 10 at 2.0 C. 

FIG. 8 shows the dose-response of recombinant FVIII (rFVIII) incubated with 

	

15 	X-MuLV and increasing concentrations of Mega 10 at 2.0 'C for 30 minutes. The 

dose response curve shows that as the concentration of the sugar detergent increases, 

the titer of X-MuLV inversely decreases to the limit of detection (LOD), where no 

virus was detectable. The rFVIII control (Ctrl) dashed line corresponds to the titer of 

rFVIII incubated with X-MuLV only. 

	

20 	FIG. 9 shows the kinetics of recombinant FVIII (rFVIII) incubated with X- 

MuLV and 0,3% (w/v) Mega 10 at 2.0 'C for 0, 5, 15, 30, 60, and 120 minutes. The 

Mega 10 treatments resulted in the immediate decrease (complete inactivation) of 

virus titer reaching the limit of detection (LOD) where no virus was detectable, which 

is in contrast to the rFVIII only and medium only controls. 

	

25 	FIG. 10 shows the kinetics of recombinant FVIII (rFVIII) incubated with a 

high-titer stock of X-MulIN with 0.02%, 0.10% or 0.20% (w/v) Mega 10 at 2.0 'C for 

0, 5, 30, 60, and 120 minutes. Mega 10 at 0.10% (w/v) resulted in a decrease of virus 

titer whereas 0,20% (wriv) resulted in the immediate decrease (complete inactivation)  

of virus titer reaching limit of detection (LOD) within 5 minutes where no virus was 

	

30 	detectable, in contrast to the 0.02% (w/v) of Mega 10, rFVIII and medium only 

control samples where no virus inactivation was observed. 

FIG. 11 shows that different manufactured Mega 10 molecules yield similar 

and reproducible dose response results. 

4 
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FIG. 12 shows porcine pseudorabies virus (PRV) is inactivated to the limit of 

detection by 0.2 and 0.3 (w/v) Mega 10 at 2.0 °C within 15 minutes when incubated in 

recombinant Mil (rFVIII). 

FIG. 13 shows bovine viral diarrhea virus (BVDV) is completely inactivated 

to the limit of detection by 0.2, 0.3, and 0.4 (w/v) Mega 10 and by 1.0% ( v/v) Mega 9 

when incubated in recombinant FVIII (aVIM for at 2.0 °C 30 minutes. 

FIG. 14 shows X-MuLV is completely inactivated to the limit of detection 

when incubated with 0.2, 0.3, and 0,4 % (w/v) Mega 10 in human immunoglobulin 

(IgG) and 

10 

human plasma protein solutions at 2.0 °C for 30 minutes. Both protein solutions were 

prepared so that each had a final concentration of 30 mg/mL. 

Figure 15 shows X-MuLV inactivation with Mega 10 (M10) alone, Tween 20 

(Tw20) alone, and a Mega 10 with Tw20 mixture at concentrations of 0.05% " 

	

15 	0.10% (w/v), or 0,30% (w/v) Mega 10 with or without 0.01% (w/v), 0.02% (w/v), or 

0.06% (w/v) Tw20. At concentrations of 0.30% (w/v) MIO alone or a 0.30% (w/v) 

M10 + 0.06% (w/v) Tw20 mixture, X-MuLV was completely inactivated within 30 

min. 

Figure 16 shows X-MUIN inactivation with Mega 10 (M10) alone, tri(n- 

	

20 	butyl)phosphate (TnBP) alone, and a Mega 10 with TnBP mixture (1:1) at 

concentrations of 0.05% (w/v) or 0.30% " 	concentrations of 0.30% 

M10 alone or a 0.30% (w/v) M 0 + 0.30% (w/v) TnBP mixture, X-MuLV was 

completely inactivated within 30 min. Interestingly, there was a reduction in virus 

titer for 0.05% (w/v) M10 4- 0.05% 	TnBP (but not complete inactivation), 

	

25 	indicating that there could be a synergistic effect between Mega 10 and TnBP. The 

rest of the detergent treatments yielded no virus inactivation as the viral titers were 

comparable to the rFVIII control (with no detergent). 

Figure 17 shows X-MuLV inactivation with 0.06% (w/v), 0.10% 

0.20% (w/v) Mega 10 or 0.30% (w/v), 0.51% (w/v), or 0.71% (w/v) Mega 9 with or 

	

30 	without 550 mM NaCl. At concentrations of 0.20% (w/v) Mega 10 alone, 0.20% 

(w/v) Mega 10 + NaC1, and 0.71% (w/v) Mega 9 with and without 500 iniM NaC1, X- 

MuLV was significantly inactivated.. There was a reduction in virus titer for 0.10% 

(w/v) Mega 10 + 550 mM NaCI and 0.51% (w/v) Mega 9 + 500 mM NaCI, indicating 

that there could be some synergistic effect between Mega 10 or Mega 9 and NaCI. 

5 
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The rest of the detergent treatments yielded no virus inactivation as the viral titers 

were comparable to the rFVIII control (with no detergent) and NaC1 control (with no 

detergent), 

	

5 	 Detailed Description 

This disclosure provides methods and compositions which relate to viral 

inactivation. 

Definitions 
10 

For the purpose of interpreting this specification, the following definitions will 

apply. In the event that any definition set forth below conflicts with the usage of that 

word in any other document, including any document incorporated herein by 

reference, 

	

5 	the definition set forth below shall always control for purposes of interpreting this 

specification and its associated claims unless a contrary meaning is clearly intended 

(for 

example in the document where the term is originally used). 

Whenever appropriate, terms used in the singular will also include the plural 

20 and 

vice versa. The use of "a" herein means "one or more" unless stated otherwise or 

where 

the use of "one or more" is clearly inappropriate. The use of "or" means "and/or" 

unless 

	

25 	stated otherwise. The use of "comprise," "comprises," "comprising," "include," 

"includes," and "including" are interchangeable and are not limiting. The terms "such 

as," "for example," and "e.g." also are not intended to be limiting. For example, the 

term "including" shall mean "including, but not limited to." 

As used herein, the term -about" refers to 41- 10% of the unit value provided. 

	

30 	As used herein, the term "substantially" refers to the qualitative condition of 

exhibiting a total or approximate degree of a characteristic or property of interest, One 

of ordinary skill in the biological arts will understand that biological and chemical 

phenomena rarely, if ever, achieve or avoid an absolute result because of the many 

variables that affect testing, production, and storage of biological and chemical 

	

35 	compositions and materials, and because of the inherent error in the instruments and 

6 
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equipment used in the testing, production, and storage of biological and chemical 

compositions and materials. The term "substantially" is, therefore, used herein to 

capture the potential lack of completeness inherent in many biological and chemical 

phenomena. 

	

5 	Since the 1980s, detergents have been used as an essential tool to inactivate 

viruses in pooled blood collected from blood donors. This process is important for the 

safety of the patients receiving the blood, plasma or blood/plasma derived 

components, such as plasma derived Factor VIII (pdFVIII), Additionally, this 

purification measure increases the safety for the personnel directly involved in the 

	

10 	processing of the blood in clinical laboratories or in manufacturing facilities of plasma 

derived biological products (PDBP). More recently, this practice has also become 

integral for the biophartnaceutical drug manufacturing process fbr biological 

therapeutics or vaccines comprising animal-derived materials. Animal-derived 

materials (i.e. blood, plasma, tissues, and proteins produced in mammalian cells) may 

	

15 	carry endogenous viruses or may easily become contaminated with adventitious 

viruses. Therefore, the drug manufacturing process comprises a series of effective 

virus inactivation (i.e. solvent-detergent, low pH, and heat treatments) and removal 

technologies (i.e. viral filtration) to ensure patients receive virus free treatments. 

These processes are vital to the safe public release of the biologically-derived 

	

20 	therapeutic or vaccine products. Novel methods to increase the efficiency, robustness, 

and most importantly, the overall safety of these products are in great need. To meet 

these demands, a new method of using ecofriendly N-methylglucamide based 

detergents is characterized in this disclosure. 

Detergents are amphiphilic molecules that consist of a hydrophilic (polar) 

	

25 	head group and a hydrophobic (nonpolar) tail group. This universal structure allows 

for the interaction of detergents with other molecules, most notably, proteins or 

enveloped viruses in an aqueous solution. In basic science and applied technologies, 

detergents can be used as a solubilizing agent or as a stabilizing agent to prevent 

biological molecule from aggregation or to solubilize membrane proteins from cell 

	

30 	cultures or tissue suspensions. When used for solubilizing proteins, the following 

properties make certain detergents more desirable than others: I) Detergents that lack 

charges (nonionic detergents) help retain the structure and activity of the protein of 

interest, 2) detergents with a low critical micelle concentration (CMC) allow for easy 

removal of the detergent via dialysis, 3) detergents that are clear and, therefore, do not 

7 
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affect protein absorbency readings, and 4) detergents that are highly pure, decreasing 

variability from experiment to experiment. Similarly, most of these properties are 

applicable when choosing detergent candidates for virus inactivation as it is necessary 

to not disrupt the protein drug, to detect protein concentration without interference 

	

5 	from the detergent, and to ensure that the detergent is highly pure so viral inactivation 

consistently occurs. 

Generally, enveloped virus inactivation is dependent on the amphiphilic 

structure and the critical micelle concentration (CMC) of the specific detergent, The 

CIVIC refers to the concentration at which detergent monomers aggregate to fomi 

	

10 	micelle structures. In aqueous solutions, as more detergent monomers come in 

contact, the hydrophilic heads can adjoin to shield the hydrophobic tails from the 

aqueous solution, ultimately organizing into micelle structures. CMC is likely linked 

to the concentration at which viral inactivation will occur for a given detergent under 

specific conditions. A theoretical mechanism for virus inactivation is that the 

	

15 	monomers insert into the viral envelope below the detergent CMC, which may be 

detrimental to the virus. As soon as the concentration is at or above the CIVIC, these 

detergent monomers present in the membrane form micelles that can disrupt the 

integrity or completely strip the viral envelope. Without the viral envelope, the virus 

is unable to bind-to its receptor on the plasma membrane of its host cells and facilitate 

	

20 	its replication and spread. 

Thus far, the biotherapeutical manufacturing industry has used a number of 

detergents for inactivating enveloped viruses. One of the popular nonionic detergents 

Triton X-100 has been very effective at inactivating enveloped viruses without 

disrupting the protein drug. After the use of Triton X-100 in the biopharmaceutical 

	

25 	manufacturing processes, it is disposed into the waste water treatment plants or is 

directly released into the aquatic environment (Madsen et al, 1996, JAOCS, 73:929- 

933). Unfortunately, the Triton X-100 by-product contains octylphenol which can 

mimic estrogen receptor substrates and can negatively impact the reproductive system 

of animals, especially aquatic life. Therefore, this detergent has been deemed a toxic 

	

30 	chemical to the environment by a number of countries, which are starting to prohibit 

its use. Many biopharmaceutical industries have been dedicated to the search for 

environmentally safer detergents that have comparable efficacy to Triton X-100. For 

example, Biogen, Inc. and Genentech, Inc, have been looking into Lauryl 

dimethy-lamine N-oxide (LDAO) and alkyl glucosides, respectively (Conley et al., 

8 
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2014, US Patent #W02014025771A2; Conley et al., 2016, Biotechnol. Bioeng., Epub 

ahead of print; Fisher et al., 2016, -US Patent 420160333046A1). While these 

companies have been able to distinguish new detergents of different classes, the 

present embodiments define a completely novel and highly effective class of nonionic 

	

5 	detergents, N-methylglucamides (also known as fatty acid sugars), in the inactivation 

of enveloped viruses. 

Sugar-based detergents have excellent physical properties, are highly 

biodegradable and non-toxic, which contribute to its safety profile, especially for the 

aquatic environment (Bogdan, 2007, Stalmans et al., 1993). Thus, the disclosed 

	

10 	embodiments are focused on the use of the sugar-based detergents, N- 

methylglucamides, as a new method to inactivate viruses in bioactive-drug 

manufacturing. 

N-methylglucamides are nonionic detergents that are composed of a highly 

hydrophilic glucose moiety and hydrophobic fatty acid chain linked by an amide 

	

15 	bond: These detergents are ecofriendly as they are known to be highly biodegradable 

with about a 95% renewable carbon index and are considered non-toxic especially to 

aquatic life (Stalm.ans et al., 1993, SOFW, 119:794-808). Due to its increased safety 

profile and excellent physical properties, these detergents have gained heightened 

interest for use in basic science technologies, as well as for use in shampoos and 

	

20 	dishwashing soaps. Likewise, these detergents could be prime candidates for viral 

inactivation of biologically-derived drug products. 

The majority of recombinant proteins are produced by fermentation of 

genetically engineered mammalian cells (i.e. CHO and MIK). These cells are known 

to have chromosomally integrated retrovirus pro-viral genes or elements that produce 

	

25 	endogenous retrovirus-like particles (ERVLPs) which are enveloped viral particles 

lacking confirmed infectivity. To demonstrate inactivation of ERVLPs, X-MuLV was 

used as a specific model for endogenous retroviruses and is currently used as a 

laboratory tool to assess the manufacturing purification process by spiking samples 

that are subjected to any inactivation or removal by given purification unit operation. 

	

30 	As such, the disclosed embodiments will use this new method of using N- 

methylalucamides to inactivate the enveloped viruses, such as X-MuLV. Based on the 

X-MuLV model, all other enveloped viruses should all be susceptible to -N- 

methylglucamide inactivation, including herpesviruses, flaviviruses, filoviruses, etc. 

Furthertriore, this new method is applicable to any step throughout the drug 

9 
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purification process, which may involve a detergent removal step such as dialysis or 

column chromatography. 

Generally, viral inactivation with this new class of detergent involves testing a 

laboratory strain of X-MuLV spiked into a protein sample (i.e. recombinant Factor 

	

5 	VIII, human IgG antibody and plasma components) with N-methylglucamides, 

incubation of the sample at 2-8 `C. for 30 minutes, and subsequent experimentation of 

the reaction tube on an indicator cell line (i.e. PG-4, Vero, or EBTr cell lines) to 

observe virus infection. The systematic approach for testing N-methylglucamides 

began with an initial screening under various conditions, followed by a protein 

	

10 	activity assessment, dose response study, a kinetics study with high and low titer virus 

stocks, multiple viruses and biological application, and finally a multi-manufacturer 

comparison to ensure consistency. The initial screening conditions were based on the 

historical data for the classic Triton X-100 detergent, where virus inactivation was 

successful under 2-8 °C, within 120 minutes, and an inactivation concentration that 

	

15 	ranged from 0.1 to 0.3% (w/v). To ensure that the new detergents were comparable to 

a known potent detergent (Triton X-100), the low temperature and incubation for 30 

and 120 minutes were chosen for the initial screen of the N-methylglucamides. The 

concentrations evaluated were based on the CHIC of each new detergent. Then, the N- 

methylglucamide candidates that were most effective at inactivating enveloped virus 

	

20 	were assessed for any effect on human Factor VIII activity, using a chromogenic 

assay kit. The N-methylglucamides were then assessed for their respective dose 

responses to increasing concentration of N-methylglucamides that ranged from 0.014- 

01.0% (w/v) with respect to each individual detergent. To assess how quickly 

inactivation occurs, kinetic studies were performed with the N-methylglucamides 

	

25 	using both a low and high titer virus preparations. To increase the confidence of the 

data generated throughout the process, multiple vendor sources were assayed under 

similar conditions to demonstrate the consistency and reliability of the N- 

methylglucam.ides tested. Finally, to assess whether N-methylglucamides remained 

effective in other blood or plasma-related matrices, viral inactivation was determined. 

	

30 	in human immunoglobulin G and human plasma under similar conditions. Taken 

together, this systematic approach has enabled the disclosed embodiments to 

demonstrate the applicability of N-methylglucamides in the purification process. 

This method of inactivating viruses with N-methylglucamides is applicable to 

the purification process of biologically-active drugs such as protein subunits, proteins 

10 
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(enzymes, factors, etc.), recombinant proteins, or antibodies. The environmentally 

safer (also called non ecotoxic) detergents used in this method are based on multiple 

N-methylglucamide homologs„ consisting of a hydrophilic glucose moiety and 

hydrophobic fatty acid tail, linked by an amide bond. Since there are no known toxic 

	

5 	intermediates such as octylphenol in N-methylglucamides, it eliminates the risks 

associated with environmental concerns when used in biologics production. 

Additionally, these sugar-based detergents are nonionic by nature, which should not 

disrupt of the drug protein of interest. This method involves the incubation of the N- 

methylglucamide with the biological product to inactivate any potential enveloped 

	

10 	virus contaminant: To assess viral reduction by this method, model enveloped viruses 

(e.g. xenotropic leukemia virus, pseudorabies virus and bovine viral diarrheal virus)  

were spiked into a protein drug sample (e.g. native proteins, recombinant proteins, 

antibodies) and incubated with N-methylalucamides. After the incubation, a TCID50 

assay was performed to determine the viral titer and the log reduction factor (LRF) 

	

15 	which is the difference of viral infectivity titers between non treated controls and N- 

mehtylglucamide treated samples. Furthermore, inactivation of enveloped viruses 

with N-methylclucamides is comparable to that of the industry standard, Triton X- 

100. Taken together, these excellent characteristics make N-methylglucamides a 

powerful tool in the purification process of biologically-derived drug products. 

20 

Materials 

Example 1 - Virus stocks: 

Low and high titer xenotropic murine leukemia virus (X-MuLV) stocks, strain 

pNFS Iii-1, were prepared internally in Bayer Pathogen Safety Laboratory (Berkeley, 

	

25 	CA) or by Bioreliance Inc. (Rockville, MD), respectively, High titer porcine 

pseudorabies virus (PPV) stock, strain Aujeszky, was prepared by Bioreliance Inc. 

(Rockville, MD). High titer bovine viral diarrhea virus (BVDV) stock, strain NADL, 

was also prepared by Bioreliance Inc:, (Rockville, MD). 

	

30 	Example 2 - Cell lines: 

Feline PG-4 cells (S-i-L-) (ATCC CRL-2032), African Green Monkey Kidney 

Vero cells (ATCC CCL-81), and embryo bovine trachea. EBTr cells (ATCC CCL-44) 

were purchased from American Type Culture Collection (ATCC, www.atce.om).  

11 
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Example 3 - Cell culture medium and supplements: 

The culture media used for PG-4, Vero and ETBr cells were McCoy's 5A 

(Lonza, 12-688F, Slough, UK) and Minutesinuun Essential Medium Eagle (Coming, 

10-010-CV, Manassas, VA). The following growth medium supplements Ivere used: 

	

5 	Fetal Bovine Serum (FBS) (Hyclone, SH30070.03, Logan, UT), 100x 

Penicillin/Streptomycin (P/S) (Coming, 30-002-C1, Manassas, VA), and 200 mM L- 

Glutaminutese (L-Glii) (MP Biomedicals, 1680149, Solon, OH). 

Example 4 - Chemicals: 

	

10 	The chemical hexadim.ethrine bromide (Polybrene) (Sigma-Aldrich. H9268- 

5g, St. Louis, MO) was used to increase the efficiency of the X-MuLV infection in 

PG-4 cells and was added to McCoy's 5A medium at a final concentration of 3 lug/ml. 

The nonionic detergents characterized in this study are octanoyi-N-methylgiucamide 

(Mega 8) (G-Biosciences, DG017, St. Louis, MO or Sigma or Sigma-Aldrich. St. 

	

15 	Louis, MO), nonaoyl-N-methylghicamide (Mega 9) (G-Biosciences, DG019, St. 

Louis, IN/I0 or Sigma-Aldrich, St. Louis, MO), decanoyl-N-methylglucamide (Mega 

10) (G-Biosciences, DG021, St. Louis, MO or Sigma-Aldrich, St. Louis, MO), 

dodecanoyi-N-methyliziticarnide (Mega 12) (Bachem, P-1175.0001, Torrance, CA), 

and P-tert-Octylphenoxy) polyethoxyethanol (Triton X-100) (EMD Millipore, 

	

20 	1086432500, Billerica, MA). 

Biological Solutions: 

Each virus inactivation assay was performed in the presence of a biological 

	

25 	product solution consisting of either recombinant human factor VIII (rFVIII) (full 

length wild-type, Bayer in-house preparation), human IgG or plasma protein (Sigma- 

Aldrich, St. Louis, MO). 

Methods 

	

30 	Example 1- Detergent Preparation 

Mega 8, Mega 9, Mega 10 and Mega 12 detergents were prepared at a target 

concentration of 5% weight per volume (w/v) stock solution. Each detergent was 

obtained as powder from the manufacturer and was appropriately weighed and 

12 
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allowed to dissolve in Milli-Q water. ..1f the detergent was not fully soluhilized at room 

temperature, the solution was heated in a -5_37 'C water bath (Mega 10 and Mega 12) 

for about 10 — 15 minutes. Initially, 5% Mega 12 did not come into solution in at 1-",;37 

'C and was, therefore, placed in a <60 °C water bath and the solution soluhilized after 

	

5 	30 minutes. Since the critical micelle concentration of Mega 12 was at 0.013%, it was 

likely that at least a 10x stock solution would be convenient for use in virus 

inactivation. Therefore, a new stock solution prepared in 	water at a. 

concentration of 0.15% which allowed the mixture to come into solution quicker 

when placed in a 60  'C water bath (about 15 minutes). The detergents were stored 

	

10 	in a dark container in 2-8 C. 

Example 2- Mega 8, Mega 9, Mega 10, and Mega 12 Virus Inactivation Screen 

N-Methylglucamide detergents (Mega 8, Mega 9, Mega 10, and Mega 12)  

	

15 	were evaluated for their ability to effectively and robustly inactivate xenotropic 

murine leukemia virus (X-MuLV), porcine pseudorabies virus (PRV), or bovine viral 

diarrhea disease virus (BVD-V) under typical manufacturing conditions for 

recombinant Factor VIII (rEVIII) therapeutic drug. The concentrations tested for each 

detergent were based on 0.5x, Ix, or 2x of the critical micelle concentration (CMC), 

	

20 	respectively. Each detergent was incubated with detergent-free rFV111 protein and 

spiked with a high-titer stock of X-MuLV at a ratio of 1:11 and incubated at 2.0 ± 1.0 

°C for 30 minutes. A positive control sample containing only rFVIII was included and 

incubated at 2.0 ± 1.0 °C for 0 and 30 minutes. After each incubation time point, 40 

of each inactivation sample or control was removed and transferred to a 15 m1_, 

	

25 	tube containing 4.0 mL of basal medium (i.e. McCoy's 5A medium supplemented 

with 3µg per mL polybrene (MP) fin-  X-MulIN or EMEM). This 1:101 dilution factor 

quench allowed for the detergent to be diluted beyond the effects of toxicity to the 

indicator cell line and also allows for the virus to become diluted within the range 

necessary for performing TCID50 assays. Briefly, the TCID5o assay to assess virus 

	

30 	infectivity was performed by titrating each quenched sample 1:3.2-fold serially in MP 

or EMEM up until the llth dilution level. A tnonolaver of indicator cells, seeded I 

day before at 3,000 cells per well in a 96 well cell culture plate, were inoculated with 

100 p.1_, per dilution of the quenched and serially diluted sample or basal medium, in 

replicates of 8. After 1.5 --- 2.5 hour incubation at 37 sC, 100 pL of assay medium 

13 
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consisting of basal medium (McCoy's 5A or EMEM for PRV or BVDV) 

supplemented with 4% FBS, 2% P/S, and 2% L-Glu was added to each well of the 

plate, Then the cells were incubated at 37 'C for up to 6-7 days and observed under 

light microscopy for the formation of cytopathic effects (CPE), which is indicative of 

	

5 	virus infection. 

Example 3 - Chromogenic Assay to Assess Human Factor VIII Activity 

Mega 10 was prepared at a concentration of 0.3% (w/v) in rFVIII matrix (from 

	

10 	5.0% (w/v) stock solutions prepared in !Mini-() H20) and incubated at 2.0 ± 1.0 'C for 

120 minutes. A diluent control of rFVIII matrix spiked only with Milli-Q H2O was 

also prepared and incubated under the same conditions. Following the incubation, 

detergents and diluent control were diluted in Ix assay buffer along with chromogenic 

assay (Chromogenix COATEST SP4 FVIII Kit, Cat: 82409463) FVIII standard and 

	

15 	controls to the appropriate levels. Thirty ii,L, of each detergent, control, and standard 

were loaded onto a 96-well plate in triplicate. Chromogenic assay reagents were 

added according to the manufacturer's protocol and incubated at 37.0 'C and 5.0% 

CO2 for 8 minutes. Assay plate was measured for absorbance t 405 and 492 nm on a 

Molecular Devices SpectraMax M5 microplate reader. Data was analyzed using 

	

20 	SoftMax Pro -v-5. 

Example 4- Dose Response in rFVIII Triton Free_Matrix 

	

25 	 To assess the lowest effective concentration of the Megal0 detergent 

incubated with rFVIII and spiked with X-MuLV, a detergent dose response study was 

performed. A 0.5% (w/v) sample of each detergent was prepared in recombinant 

FVIII (rFVIII) matrix, followed by 1:2 serial dilutions in the rFVIII matrix to yield 6 

samples of each detergent ranging from 0.014-0.5% (w/v), Additionally, a positive 

	

30 	control sample containing the rFVIII matrix only was included. Each detergent 

sample and control was spiked with the low titer X-MuLV stock at a ratio of 1: I I, and 

incubated at 2,0 ± 1.0 C.' for 30 minutes. After the incubation. 100 Iii, of each 

inactivation sample and control was removed and transferred to 15 int, tubes 

containing 3.0 mL of McCoy's 5A medium supplemented with 3 lig per mL 

14 
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polybrene (MP). This 1:31 dilution factor quench allowed for the detergent to he 

diluted beyond the effects of toxicity to the indicator cell line (PG-4) and also allows 

for the X-MuLV to become diluted within the range necessary for performing TC1D5o 

assays. Briefly, the TCID5O assay to assess X-MuLV infectivity was performed by 

	

5 	titrating each quenched sample 1:3.2-hfold serially in MP up until the 11th dilution 

level. A monolayer of PG-4 cells, seeded 1 day before at 3,000 cells per well, were 

inoculated with 100 pi, per dilution of the quenched sample or MP, in replicates of 8. 

After incubation at 37 'C for 1.5 — 2.5 hr, 100 0, of assay medium consisting of 

McCoy's 5A medium supplemented with 4% FBS, 2% P/S, and 2% L-Glu was used 

	

10 	to overlay the cells. Then the cells were incubated at 37 °C for up to 6-7 days and 

observed under light microscopy for the formation of cytopathic effects (CPE), which 

is indicative of X-MulIN infection. 

Example 4 - Yin's Inactivation Kinetics 

15 

To assess inactivation rate of the Mega 10 detergent incubated with rFVIII and 

spiked with X-MuLV, virus inactivation kinetics studies were performed. A 0.02%, 

0.10%, 0.20%, and 0.30% 7/v) sample of Mega 10 was prepared in recombinant 

FVIII (rFVIII) Triton free matrix. Additionally, positive control samples containing 

	

20 	the rFVIII matrix only or medium only control were included. Each detergent sample 

and control was spiked with the low titer and. high titer X-MuLV stock at a ratio of 

1:11, and incubated at 2.0 ± 1.0 C; for 0, 5, 15, 30, 60, and 120 minutes. After each 

incubation, 100 or 40 µL of each inactivation sample and control was removed and 

transferred to 15 mL tubes containing 3.0 mL or 4.0 mL of McCoy's 5A medium 

	

25 	supplemented with 3 ii,g per mI, polybrene (MP). This 1:31 (low titer X-MuLV) or 

1:101 (high titer X-MuLV) dilution factor quench allowed for the detergent to be 

diluted beyond the effects of toxicity to the indicator cell line (PG-4) and also allows 

for the X-MuLV to become diluted within the range necessary for performing a 

TCID50 assay. Briefly, the TCID5o assay to assess X-MuLV infectivity was performed 

	

30 	by titrating each quenched sample 1:3.2 in MP up until the 11th dilution level. A 

monolayer of PG-4 cells, seeded I day before at 3,000 cells per well, were inoculated 

with 100 !AL per dilution of the quenched sample or NIP, in replicates of 8. After 1,5 — 

2.5 hr incubation at 37 'C and 5% CO2, 100 uI, of assay medium consisting of 

McCoy's 5A medium supplemented with 4% FBS, 2% P/S, and 2% L-Glu was used 

15 
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to overlay the cells. Then the cells were incubated at 37 'C and 5% CO2 for up to 6-7 

days and observed under light microscopy for the formation of cytopathic effects 

(CPE), which is indicative of X-MuLV infection. 

	

5 	Example -5 N-Methvlglucamide Detergent Virus Inactivation in the Presence of 

other Proteins 

N-methylglucamide detergents (Mega 8, Mega 9, Mega 10, and Mega 12) 

were evaluated for their ability to effectively and robustly inactivate X-MuLV, PM' 

	

10 	or BVDV under typical manufacturing conditions for human plasma, plasma derived 

biologics or human antibodies. The concentrations tested for each detergent were 

based on 0.5x, lx, or 2x of the critical micelle concentration (CIVIC), respectively. 

Each detergent was incubated with detergent-and multiple concentrations of free 

protein (high protein gradient) and spiked with a high-titer stock of X-MuILV at a ratio 

	

15 	of 1:11 and incubated at 2.0 TE 1.0 °C for 30 minutes. A positive control sample 

containing only the respective protein was included and incubated at 2.0 1.0 °C for 

0 and 30 minutes. After each incubation time point, 40 µL of each inactivation sample 

or control was removed and transferred to a 15 mL tube containing 4.0 nil, of basal 

medium (i.e. McCoy's 5A medium supplemented with 3µg per mL polybrene (MP) 

	

20 	for X-MuLV or EMEM for PRV or BVDV). This 1:101 dilution factor quench 

allowed for the detergent to be diluted beyond the effects of toxicity to the indicator 

cell line and also allows for the virus to become diluted within the range necessary for 

performing TCID5O assays. Briefly, the TCID5t) assay to assess virus infectivity was 

perfomied by titrating each quenched sample 1:3.2-fold serially in basal medium (MP 

	

25 	or EMEM) up until the 11th dilution level. A monolayer of indicator cells, seeded 1 

day before at 3,000 cells per well, were inoculated with 100 111_, per dilution of the 

quenched sample or basal medium, in replicates of 8. After 1.5 2.5 hr incubation at 

37 °C, 100 pi, of assay medium consisting of basal medium (McCoy's 5A or EMEM) 

supplemented with 4% FBS, 2% PIS, and 2% L-Glu was used to overlay the cells. 

	

30 	Then the cells were incubated at 37 'C for up to 6-7 days and observed under light 

microscopy for the formation of cytopathic effects (CPE), which is indicative of virus 

infection. 

16 
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ASSAY EXAMPLES 

Example 1: N-Methylglucamide Detergents: Properties, Preparation, and. Evaluation 

	

5 	Four methylglucarnide-based detergents were analyzed for this study: 

octanoyl-N-methylgtucainide (Mega 8), nonaoyl-N-methylglucamide (Mega 9), 

decanoyl-N-methylgiucamide (Mega 10), and dodecano,71-N-methylglucamide (Mega 

12) (Table I). These detergents are all the commercially available N- 

methylglucarnides and multiple lots were purchased in powder-form from multiple 

	

10 	vendors (G-Biosciences, Sigma, or Bachem)  

FIG. I shows a proposed theoretical mechanism of how detergents can disrupt 

the envelopee of a virus. Generally, below the critical micelle concentration (CMC) of 

the respective detergent, the detergent monomers can insert within the viral envelope 

which may allow or abrogate the virus to attach to the cell (host). At concentrations 

	

15 	above the CMC, more monomers insert into the virus envelope causing the complete 

disruption of the viral envelope, and monomers can form into micelles with 

themselves or with a mixture of micelles and viral proteins from the dismembered 

envelope. As described in the future examples within this patent, the CMC seems to 

be an indicator of the effective concentration (Example 3). At concentrations at or 

	

20 	above the CMC, virus inactivation occurred with each of the methylglucamide 

detergents tested in this study. 

N-methylglucamides contain an acyclic hydrophilic glucose polar head group 

and a hydrophobic fatty acid chain tail (consisting of 8-10, or 12 carbons), linked by 

an amide bond (FIG. 2). Based on Table 1, the N-methylglucamides are composed 

	

25 	similarly, differing only in carbon chain length, which proportionally corresponds to 

the increase in molecular weight. Based on the work of others, as the carbons in the 

fatty acid chain increase, the critical micelle concentration (CMC) inversely 

decreases. 

17 
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FIG. 3 shows the 2-dimensional (2D) and 3-dimensional (3D) structures of the 

N-methylgiucamides used in this study. The 2D and 3D structures both show a similar 

	

5 	arrangement of the carbon, hydrogen, oxygen and nitrogen molecules, Interestingly, 

the molecular packing of the between Mega 8 versus the others N-rnethylglucamides 

may form a head-to-head bilayer packing, whereas the others may pack with a head- 

to-tail .monlayer packing. (Jeffery and Malusynksa ,1988, Acta. Cr st.. B45:447-452). 

This difference in packing may contribute to the increased potency as the carbon 

	

10 	chain increase. 

Table 2 lists the manufacturers of the detergent powders and the in-house 

preparation which are also detailed in the methods section. Of the 5% (weight by 

volume, w/v) detergents prepared, Mega 8 and Mega 9 were readily solubilized in 

water at room temperature. It was necessary for Megal() to be warned in a 37 'C 

	

15 	water bath that allowed the solution to solubilize within 15 minutes. However, the 

Mega 12 was not able to dissolve water in a 37 'C water bath and was gradually 

solubilized in a 60 'C water bath for at least 5 minutes. This occurrence has been 

observed by others as well and may have to do with the increasing fatty chain length 

that enhances the hydrophobicity thus decreasing the likelihood of solubility, 

	

20 	especially in water (Gaber et al., Burczyk, 2007). Therefore, a new 0.15% stock was 

prepared in Milli-Q water, which is at least 1.0x of the CIVIC. This new preparation 

was able to come into solution when placed in a 60 sC, water bath within 15 minutes. 
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Example 2: Viruses: Background and Properties 

S 

There are many enveloped RNA and DNA viruses that exist, such as those 

belonging within the following viral families: Retroviridae, 

Togaviridae, Coronaviridae, Filoviridae, Rh.abdoviridae, Bunyaviriae, 

Orthomyxoviridae, Paramyxoviridea, Arenaviridae, Hepadnaviridae, Herpesvi dae, 

	

10 	Baculoviridae and Poxviridae. Many blood-borne viruses from any of these families 

could potentially contaminate animal-derived products used in the manufacturing of 

biologically active drug products. Therefore, many pharmaceutical companies have 

used model viruses, such as tnurine leukemia virus (X-MuLV), bovine viral diarrhea! 

virus (BVDV), and pseudorabies virus (PRY) to demonstrate viral clearance with 

their various purification methods (Table 3). X-MuIN is model virus commonly used 

for endogenous retrovirus like particles host cells lines (i.e. CHO or BHK cells) to 

express the protein drug product. X-MuLValso is also a model for other enveloped 

viruses including retroviruses, such as the major blood-borne pathogen HIV. BVDV 

is a model for Haviviruses, and can represent viruses such as Zika virus (involved in 

	

20 	recent outbreaks world-wide) and Hepatitis C virus (HCV). PRV is a model for 
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Flepadnaviruses, and can represent Hepatitis B virus (HBV), which is one of the most 

common of blood-borne pathogens. In theory-, these enveloped viruses are all 

susceptible to detergent inactivation with N-methylglucamides. 
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The typical conditions of N-inethylglucamide virus inactivation have been 

assessed using low and high titer stocks of X-MuLV (Table 4). The low-titer stock of 

10 	X-MuLV was used for the dose-response study and a kinetics study. The high-titer 

stock of X-MuLV was used for a kinetics study and determination of the high 

capacity of virus inactivation expressed in log reduction factor (LRF). Other viruses 

included in Table 4 are the high titer virus stocks of BVDV and PRV, which should 

also be susceptible to N-methylglucamide detergent inactivation. 
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Example 3: Screen ofN-Methylglucamide Derivatives 

N-methylglucamide derivatives were tested for their ability to inactivate a high 

20 	titer stock of X-MuLV. Each detergent (Mega 8, Mega 9, Mega 10, or Mega 12) was 

tested at 0.5x, lx, and 2x of the CMC and was mixed with a protein drug 

(recombinant Factor VIII, rFVIII, antibody or plasma) and spiked with enveloped 

viruses (i.e. X-MuLV, PRV, or BVDV) and incubated for 30 minutes at RI: or 2.0 
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1.0 C. After the incubation, the reaction was quenched and a TCID5o titration assay 

was performed using the appropriate indicator cells (PG-4. Vero, or EBTr cells). The 

TCID50 answered two questions, which are: Is there any observable virus infection in 

any of the wells tested? If so, what is the amount of virus (titer) in the tested sample? 

	

5 	As expected, after the 30 minutes incubation at 2°C and room temperature (25°C), 

measured titer of the rFVIII controls spiked with X-MuIN was averaged to 6.40 and 

6.45 LogioTCID50/mL respectively (FIG. 4 and FIG. 5). For each temperature 

condition, N-methylglucamide (Mega 8, 9, 10 and 12) and its concentration tested 

inactivated X-MuLV to the limit of detection (LOD) when the N-methylglucamide 

	

10 	concentration was Ix CMC or above, indicating complete inactivation of viral 

infectivity for >1043—fold or a log reduction factor (LRF) of >4.3 (FIG. 4 and FIG. 5, 

Table 5 and Table 6). It is important to note that the limit of detection (LOD) was 

--12.03 Logic, TC[D50/mL, which is also the titer when no virus is observed. The 

concentration at 0.5x CMC of Mega 9 and Mega 10 inactivated X-MuLV completely 

	

15 	at 25°C but partially at 2°C. No significant inactivation at 0.5x CMC for Mega 8 and 

Mega 12 when the treatments were taken place at 25°C or 2°C (FIG. 4 and FIG. 5). 

Inactivation of X-MuLV by N-methylgiucamide was as effective as Triton X-100, 

but less toxicity to the assay indicator cells (FIG. 6), At 0.3% (w/v), both detergents 

inactivated X-MuLV completely; Mega 10 gave the limit of detection (LOD) of <2.03 

	

20 	TC[D50/mL while Triton X-100 had a LOD of 2.54 TCID50/mL (FIG. 6). In 

summary, these results show that these ecofriendly detergents are effective and robust 

at virus inactivation. 
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Example 4: N-Methyglucamides Effect on rFVIII 

After the N-methylglucamide screen, Mega 10 was determined to be the top 

N-methylglucamide candidate due to high efficacy at lower concentrations (-0.2%) 

and solubility. To ensure that Mega 10 did not exert negative effects on the protein 

drug activity, the activity of rFVIII preparation was measured using a chromogenic 

	

10 	assay kit. The principle of the assay involves a specific step in the blood clotting 

mechanism, in which Factor X is converted to Factor Xa. leading to the hydrolysis of 

the chromogenic substrate. This reaction is dependent on the activity of Factor VIII 

(FVIII) and directly correlates to measurable color intensity. Samples of rFVIII 

preparation were incubated with 0,3% (weight/volume, w/v) of Mega 10 or 0.3 % 

	

15 	(volume/volume, v/v) water at 2.0 ± 1.0 'C for 2 hours and the chromogenic assay kit 

was used to determine the activity of rFVIII. The average activity (ILI/mL) of the 

water control and the Mega 10-treated samples were comparable at 57,19 and 52,26 

njimL, respectively (FIG, 7). These results indicate that rFVIII activity is maintained 

even after 2 hours incubation with Mega 10, which is a time point well beyond virus 

	

20 	inactivation of 30 minutes. The results demonstrate that Mega 10 is not only effective 

in inactivating enveloped viruses, but also has no effect on the activity of the protein 

drug. 

Example 5: Dose response 

25 

To determine the lowest effect concentration for Mega 10, a dose response 

study was performed. Increasing concentrations ranging from 0.014-0.5% 

(weight/volume, w/v), were incubated with recombinant FYIII (rFVIII) and spiked 

22 
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with X-MuLV (low titer) at 2,0 ± 1.0 'C for 30 minutes. The rFVIII only control was 

also incubated under the same conditions. After the incubation, all the reactions were 

quenched and samples were taken for serially dilution in a TC[D50 assay. For the 

Mega 10 reactions, the virus titers were comparable to the controls between the 

	

5 	concentrations of 0.014-0.06% (w/v), indicating that Mega 10 was not able to 

inactivate the enveloped viruses at those low concentrations (FIG. 8). As soon as the 

Mega 10 concentration increased to about 0.11%, the virus titer noticeably decreased 

to about 2.62 Logio TCID5o/mL, At approximately 0.23% of Mega 10, the virus titer 

significantly decreased to levels where no virus infection was observed (FIG. 7 and 

	

10 	Table 7). At 0.23% (w/v), the limit of detection (LOD) of Mega 10 was <-1.52 Logio 

TCID50/mL and, therefore, the LRF was >3.96 for mega 10 at 2.0 ± 1.0 'C for 30 

minutes (Table 7). In summary, the lowest concentration to quickly and completely 

inactivate X-MuLV is approximately 0.23% for Mega 10. 

Mm 

15 
C:.:orazto;) 

Example 6: Kinetics Studies 

A kinetics study was perfbrmed using both low titer and high titer virus 

20 	preparations to determine how quickly and extensively Mega 10 can inactivate X- 

MAY. The kinetics studies entailed multiple concentrations (0.02%, 0.10%, 0.20%, 

and 0,30% (w/v)), time points (0. 5, 15, 30, 60, and 120 minutes) and a low and high 

titer X-MuLV stocks. By testing the additional high titer X-MuLV stock, greater 

assay sensitivity can be achieved, which will be reflected in higher log reduction 

25 	factor. Mega 10 at 0.3% was incubated with recombinant FV11I (rFVII1) preparation 

and spiked with low titer X-MuLV virus at 2.0 ± 1.0 °C for 0, 5, 15, 30, 60, and 120 

minutes. Then, the reaction samples were quenched and samples were taken for the 

TCM.50 assay. The results for Mega 10 show that virus was immediately inactivated 

after mixing X-MuLV with detergent containing sample (t--0) (FIG. 9), No virus 
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infectivity was detected at any time point assayed, again indicating complete 

inactivation with the limit of detection reaching ----T1.52 Logio TCID50/mL and a log 

reduction factor of 1:.3.80, 

1.R3' PAn, 	 dzie.z..srpA 

Upon repeating a similar experiment with high titer X-MuLV stock and 

multiple Mega 10 concentrations, partial inactivation of virus was observed at 0 

minutes (t--0) (0.20% Mega 10) with complete inactivation achieved by 5 minutes 

(0.20% Mega 10) (FIG. 10), Notably, at 0.20% of Mega 10, no live virus was 

10 	observed from 5 to 120 minutes of incubation with a limit of detection of <2.03 Logo 

TC113.50/mL, leading to a viral infectivity reduction of >1.04''-fold (Table 9). This 

example has demonstrated that Mega 10 is highly effective at low concentrations 

within a quick action that ranges from 0-5 minutes. 
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15 
Example 7: Mega 10 Lot-to-Lot Comparison 

To ensure consistency of Mega 10 across multiple vendors and manufacturing 

lots, a dose response comparing detergent products from G-Bioscience and Sigma was 

20 	performed. For each vendor, samples were prepared at multiple concentrations (0.05, 

0.1, 0.2, 0.3, 0.4% w/v) and were incubated with recombinant FV111 (rFVIII) and 

spiked with X-MuLV (high titer) at 2.0 ± 1.0 eC for 30 minutes. An rFVIII only 

control was also incubated under the same conditions. After incubation, all reactions 

were quenched and tittered for a TCID50assay. For each 0-Bioscience and Sigma 

25 	produced Mega 10 sample, viral titers were consistent with each other at their 

respective concentration levels (FIG. 11). The X-MuLV inactivation profile shows the 
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Mega 10 products from both sources are comparable. The samples treated with 0.2- 

0.4% Mega 10 of each product gave a complete inactivation of 52.03 Logo 

TUD50/mL and a LRF of >4.45, In suminaly, Mega 10 sourced from different sources 

yielded results consistent with each other and with previous data. 

Example 8: Inactivation of More Enveloped Viruses (BVDV and PRV) in 

Recombinant FVIII by N-Methylglucamides 

To further determine whether potent and fast X-MuLV inactivation by N- 

	

10 	methylalcamides works equally with other enveloped viruses, Mega 9 and 10 were 

assessed for their ability to inactivate BVDV and PRV in recombinant FVIII (rFVIII) 

solutions. 

BVDV inactivation by Mega 9 and 10 was determined via a dose response 

study. Samples of rFVIII containing Mega 9 at 0.5, 0.8, and 1.0% (w/v) and Mega 10 

	

15 	at 0.2, 0.3, and 0.4% (w/v) were spiked with BVDV stock at 1:11 and incubated at 2.0 

4: 1.0 T for 30 minutes. After incubation, samples were quenched and titrated to 

perform a TCID5o assaying using EBTr indicator cells. Results showed that Mega 9 

was able to inactivate BVDV to the detection limit (52.03 Logio TCID5o/mt) only 

with concentration of 1.0%. Mega 10 was able to completely inactivate BVDV at 0.2, 

	

20 	0.3, and 0.4% (w/v). Both detergents were capable of reducing BDVD infectivity by 

105.14-fold, 

PRV was spiked (1: 1) into rFVIII preparations containing Mega 10 at 0.2 or 

0.3% (w/v) and assayed with time points at 0, 5, 15, 30, and 60 minutes at 2.0 1.0 

`C. After incubation, samples were quenched and titrated in a TCID5o assay using 

	

25 	-Vero indicator cells, Results showed that both 0.2 and 0.3% Mega 10 are capable of 

reducing viral infectivityimmediately by 104'5-fold or higher and reached the limit 

of detection (5_2.03 Logo TCID5o/mL) at 15 minutes, with a reduction of infectivity 

=:105.10-thld for both concentrations of Mega 10 (FIG. 12). 

In summary, Mega 10 is capable of inactivating PRV at 0.2% within 15 

	

30 	minutes and BVDV at 0.2% immediately after mixing, representing a >105'14-fold 

reduction of BVDV infectivity. Mega 9 was effective in inactivating BVDV to the 

LOD at 1.0% (w/1,/) within 30 minutes of treatment. Both Mega 10 and Mega 9 were 

capable of inactivating BVDV to the LOD, representing a >105 '-fold reduction of 

BVDV infectivity. Mega 10 inactivation of BVDV is much faster and lower 

25 
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concentration than Mega 9. These results demonstrated that the N-methylglucamides 

are able to inactivate enveloped viruses effectively reaardless of the families and 

species of the viruses (FIG. 13). 

Methylglucamides were tested with her compounds to determine potential 

	

5 	synergistic effects on viral inactivation. Methylglucamides were mixed with and 

without Tween 20 (Tw20) detergent, tri(n-butyl)phosphate (TnBP) solvent, or sodium 

chloride (NaCI) salt and incubated with X-MuLV. Then, the titers of each samples or 

controls were assayed using a TCID5o assay previously described. For each 

experiment (Figure 15, 16 and 17), the controls consisted of rFVIII spiked with X- 

	

10 	MuLV with no detergent, and the yielded titers within the expected range of about 6.5 

logo, TCID50/ml. Concentrations of 0.05% (w/v), 0,10% (w/v), or 0.30% (w/v) Mega 

10 were mixed with the commonly used Tw20 detergent at 0.01% (w/v), 0.02% (w/v), 

or 0.06% (w/v), virus titers were comparable to the Mega 10 alone (Figure 15). 

Therefore, Mega 10 + Tw20 did not further enhance viral inactivation. 

	

15 	Concentrations of 0.05% (w/v) or 0.30%(w/v) Mega 10 was mixed with the 

commonly used TnBP solvent at 0.05% (w/v) or 0.30% (w/v) (respectively), virus 

titers decreased slightly with 0.05% (w/v) Mega 10 + 0,05% (w/v) InBP compared to 

0.05% Mega 10 alone (Figure 16). Therefore, Mega 10 + TnBP slightly enhanced 

viral inactivation. Lastly, concentrations of 0.10% (w/v) Mega 10 or 0.51% (w/v) 

	

20 	Mega 9 was mixed with 500 mM NaC1, 'finis titers decreased comparted to than 

0.10% (w/v) Mega 10 or 0.51% (w/v) Mega 9 alone (Figure 17). Therefore, Mega 10 

or Mega 9 + NaCI enhanced viral inactivation. Taken together, the results show that 

synergistic effects are observed between methylglucamides and TnBP or NaCI and 

can be used to enhance the viral inactivation efficiency of methylglucamides. 

25 

Example 9: Inactivation of Enveloped Viruses (X-MuL ) in Human n ibody 

Solutions and Human Plasma by N-Methylalucamides 

To this point, Mega 10 has been shown to be a potent inactivat r of multiple 

	

30 	enveloped viruses in recombinant FVIII protein matrix. To assess if Mega 10 is 

effective in other plasma related protein matrices, X-MuLV inactivation was carried 

out in human immunoglobulin G (IgG) and plasma solutions. Each protein matrix 

sample was prepared at 30 mg/mL containing 0.2, 0.3, and 0.4% (w/v) of Mega 10 

and spiked with X-MuLV stock (1:11)and incubated at 2.0 ± 1.0 'C for 30 minutes. 
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After incubation, samples were quenched and serially diluted in a TCID.5o assay using 

PG-4 indicator cells. Results showed that in both the human IgG and human plasma 

samples. Mega 10 was capable of inactivating X-MuLV to the limit of detection 

(<2.03 Logi() TCID5o/mL) with a reduction of X-MuLV infectivity to 0446-fol din 

	

5 	IgG and >103.50-fold in human plasma solutions (FIG. 14). The difference in values of 

virus infectivity reduction for the two protein matrices was due to the fact that the 

human plasma sample had a lower positive control viral titer compared to that of the 

IgG positive control. The believed cause of this discrepancy stemmed from the 

plasma not being heat inactivated prior to performing the experiment, resulting in 

	

10 	complement mediated viral inactivation nonspecifically. In summary, Mega 10 is 

capable of inactivating X-MuLV as effectively and quickly in multiple blood related 

protein matrices as in rFVIII protein solutions, indicating virus inactivation by N- 

methylglucamides are not affected by the biological product types, sources and 

concentrations. 

	

15 	This method of inactivating viruses with N-methylglucamides is applicable to 

the purification process of biologically-active drugs such as protein subunits, proteins 

(enzymes, factors, etc.), recombinant proteins, or antibodies or human blood/plasma 

derived therapeutics. The environmentally safe detergents used in this method are 

sugar based multiple N-methylglucamide homology, consisting of a hydrophilic 

	

20 	glucose moiety and hydrophobic fatty acid tail, linked by an amide bond. Since there 

are no known toxic intermediates such as octylphenol in N-methylglucamides, it 

eliminates the risks associated with environmental concerns. Additionally, these 

sugar-based detergents are nonionic by nature, which has been demonstrated to show 

no disruption to the drug protein of interest. By nature, N-methylglucamides should 

	

25 	have no effect on non- enveloped viruses and nucleic acid preparations. This method 

involves the incubation of the N-methylglucamide with protein drug product to 

inactivate any potential enveloped virus contaminant. To assess viral reduction by this 

method, multiple model enveloped viruses (e.g, xenotropic leukemia virus, 

pseudorabies virus and bovine viral diarrhea' virus) were spiked into protein drug 

	

30 	samples (e.g. native proteins, recombinant proteins, antibodies, human plasma) 

separately and incubated with N-methylglucamides. After the incubation, a ICID50 

assay was performed to determine the viral infectivity titer. Furthermore, inactivation 

of enveloped viruses with N-methylglucamides is comparable to that of the well 

documented virus inactivation detergent Triton X-100. Taken together, these excellent 
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characteristics make N-rnethylglucamides a powerful ool in the purification process 

of biologically-derived drug products. 
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CLAIMS 

 

We claim: 

 

 

1. A method of purifying a biological product solution of interest having an 

unidentified enveloped virus contaminant comprising: 

(a) incubating the biological product solution of interest with an N-

methylglucamide solution, wherein the N-methylglucamide is selected from 

the group consisting of Mega 8, Mega 9, Mega 10, Mega 11, and Mega 12, 

wherein the incubating step takes place at a temperature of 1 to 37 °C;  

(b)  inactivating any potential enveloped virus contaminant present in the 

biological product solution; and 

(c) purifying the biological product solution. 

 

2. A method as recited in Claim 1, wherein the enveloped virus comprises an RNA 

or DNA virus, single stranded or double stranded virus. 

 

3. A method as recited in Claim 1, wherein an enveloped virus has been spiked into 

the biological product solution. 

 

4. A method as recited in Claim 2, wherein the virus further comprises a retrovirus. 

 

5. A method as recited in Claim 1, wherein the virus belongs within one or more of 

the following viral families selected from the group consisting of:  Retroviridae, 

Flaviviridae, Togaviridae, Coronaviridae, Filoviridae, Rhabdoviridae, 

Bunyaviriae, Orthomyxoviridae, Paramyxoviridea, Arenaviridae, 

Hepadnaviridae, Herpesviridae, Baculoviridae and Poxviridae. 

 

6. A method as recited in Claim 1, wherein the enveloped virus comprises a 

xenotropic leukemia virus, pseudorabies virus, or  bovine viral diarrheal virus. 
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7. A method as recited in Claim 1, wherein the N-methylglucamide  is composed of 

a fatty acid hydrophobic chain with carbon length of n (n ≥3) linked by an amide 

bond to an acyclic, hydrophilic glucose sugar moiety. 

 

8. A method as recited in Claim 1, wherein the biological product is selected from 

the group consisting of  recombinant proteins, antibodies, cytokines, plasma 

proteins, vaccine solution, nucleic acid therapeutics and gene therapy products.  

 

9. A method as recited in Claim 1, wherein the biological product was produced 

from a eukaryotic cell. 

 

10. A method as recited in Claim 9, wherein the eukaryotic cell comprises a 

mammalian cell. 

 

11. A method as recited in Claim 1, wherein the biological product was produced 

from a prokaryotic cell. 

 

12. A method as recited in Claim 7, wherein the concentration of the N-

methylglucamide solution is in a range of  0.5 to 10.0 times of critical micelle 

concentration (CMC).  

 

 


