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Abstract. A highly pathogenic avian influenza A virus (subtype HSN1) that circulates
in wild and domesticated poultrfgj the most serious human disease for decades. This
virus is sporadically transmited from poultry to human and limited probable human-
to-human transmission. Since the avian virus is RNA virus which reassort quickly,
transmission to human is very fast and difficult to combat. Therefore, identifying a
ultra-high-troughput technology to halt a pandemic is very urgent. In vitro
construction of protein library using cell-free technology was found to be successful
in rapid screening and generation of vaccine and monoclonal antibodies. This
technology can by pass most of the biological process and allows itself to robotic
automation for ultra-high-throughput screening and generation of suitable
recombinant functional protein to combat highly spread and pathogenic HSNI1
viruses.

Keywords: Avian influenza, HSN1, Protein library, cell-free protein synthesis system

1. Introduction

Influenza virus infection is a common disease infecting a variety of animals, birds, and humans.
The infection is caused by singlef@anded negative sense RNA viruses under family
Orthomyxoviridae. The influenza viruses are divided into three categories; type A, B, and C based on
their nucleoproteins and matrix proteins. Type A is those viruses which are generally infecting swine,
horses, domesticated and wild birds as well as human. Meanwhile, type B and C are viruses which are
predominantly infect humans [1]. Influenza A viruses are commonly known to circulate in wild
aquatic birds population and ocassionally transmitted to other hosts, including domestic poultry, pigs,
horses, and humans [2].

Viral proteins in the influenza virus are grouped into three which are: the internal proteins, the
surface({fdbteins, and nonstructural proteins. The surface proteins are the only proteins which could
induce neutralizing antibody and therefore a protective immune response in infected animals, bird,
f@hd humans. Based on the surface proteins, influenza A viruses divide into two subtype,
hemagglutinin (HA) and neuraminidase (NA). Both the subtypes have high differences in sequences
and antigens. HA surface protein consists of 16 subtypes (H1-H16), and NA surface protein consists
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of 9 subtypes (N1-N9) [3]. Out of HA subtype recovered from poultry, the H5 and H7 subtypes are
the most associated with fi@high-pathogenicity phenotype [4].

Highly pathogenic avian influenza A (subtype H5N1), is causing widespread outbreaks among
wild and domestic poultry in Africa, Southeast Asia, and the Middle East, with sporadic transmission
from the poultry to human and human-to-human. The influenza virus has been reported to infect
humans from several countries including Indonesia, Bangladesh, Cambodia, China, and Egypt.
According to World Health Organization, Indonesia leads the number of total human influenza
(H5N1) cases followed by Vietnam, Thailand, and China [5]. The spread of the virus in wild and
domestic poultry represent the most serious human disease for decades.

A key format in the global strategy to cofffol influenza pandemic is the development of an
effective vaccine. Therefore, numerous vaccines have been developed and experimentally displayed
to be effffiicious for the disease prevention. These include the commercially fowlfox recombinant
vaccine, baculovirus expressed proteins, DNA vaccines, and plant based vaccines.

In therapeutic opportunity point of view, monoclonal antibody which specifically inhibits
antigen activity of highly pathogenic avian influenza was identified and characterized [6Z.9,10].
Moreover, an antibody (65C6) was reported by Hu ef al. [11] to recognize a neutralization epitope in
the globular head of HA, a conserved epitope among all divergent HSNI influenza stains. These
research results suggest that the antibody might be an effective therapeutic candidate for a wide range
of influenza viruses type A.

However, the number of pathogenic avian influenza outbreaks were increasing even though
various vaccines and antibodies were available [12]. Evolution and antigenic drift accumulation
particularly in hemagglutinin where antibodies induced from prior infection is less competent in
protecting against the mutated virus appear to be reasons of this lack of control [12]. Immunity against
the new subtype does not exist making it capable of spreading worldwide [13[gllherefore, the
vaccines or antibodies have been evaluated every year to display how simildffjthey are to the recent
wild-type virus. As the results, the vaccines or antibodies have ben frequently reformulated with more
recent isolates to optimize protection against the circulating influenza viruses.

To obtain a novel vaccines and antibodies from the reformulation, construction of wide protein
libraries is absolutely necessary. The protein libraries should be constructed in high-throughput
format. In this article, we offer cell-free protein synthesis technology for generation of protein
libraries which are needed for containing pandemic avian influenza.

2. In vivo and I'n vitre Construction of Protein Library

Since the virus RNA polymerase complex of H5N1 virus lacks of proof reading capability, the
genetic changes of H5N1 virus (antigenic shift and antigenic drift) occur at a high rate. Antigenic shift
or gene reassortment mainly causes the virus become pandemic, whereas antigenic drift which caused
by minor change (point mutations) in the gene encoding the viral surface antigen commonly causes
annual epidemics.

To meet the wide variety of vaccines or antibodies needed because of the fast antigenic shift
and antigenic drift, the high-throughput construction of the protein libraries for screening a suitable
recombinant protein is absolutely important. Although conventional recombinant protein production
in large scale using bacterial living cells (cells expression system) is widely used now for high-
throughput generation, however, it is indispensable for rapidly testing affinity and specificity.

In this review, we compare the conventional library construction using bacterial system and
more high-throughput version using cell-free system. As shown in Figure 1, the conventional in vive
version seems a long and detour way than in viro format. The conventional protein library
construction in E. coli system takes many steps and extensive time (50 h). Moreover, the system need
time consuming steps, expensive cost, and laborious work. The basic overhead cost comes primarily
from extensive use of restriction and ligation enzyme, vector, competent cells of host, plasmid, media,
and protein purification apparatus. The PCR colony, sequencing, and protein purification are the most
extrenfifly labor intensive among the procedures needed.

The bacterial construct may not always be a final format of the antigen or antibody, and
bacterial expression may become a detour. Because living cells are: (a) very complex, diverse
interacting gene products as well as subcellular components, (b) very crowded (protein concentrations
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within the cell); (¢) being surrounded by a plasma membrane, obscuring the reaction environment for
manipulation.

A significant, attractive, and powerful option infhe high-throughput construction of protein
libraries for generation of recombinant protein is the use of cell-free protein synthesis system in which
the recombinant proteins are expressed in an in vitre coupled transcrifffpn-translation reaction. The
application of this method requires shorter time (6 h) than in vivo one. Hiffire 1 shows the Schematic
diagram of the construction of a protein library using in vivo and in vitro system.

H5NI1 -mfected poultry

Invivo Protein Libral}‘ pec iy In vitroProtem Library

nvwn mRNA A
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A Reverse Transcription (2 h)
Gel Purification(1 h)

Ligationtovector (12h)

DNA
PCR (3 h)

Transformation
mtoFE. coli(1 h)

1
I
1
1
I
1
I
1
I
1
1
|
|
I
1
I
1
|
1
I = .
: 8> PCR Colony (3 h)
1
I
I
1
I
1
I
1
I
1
1
I
1
I
1
|
I
1
1
I

Overlapping PCR (2 h)
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Figure 1. Schematic diagram of the contruction of a protein library. The iv vitro system can construct a protein
library within 6-8 h (6 h for antigen indicated by shorter arrow and 8 h for monoclonal antibodies indicated by
longer arrow) while the conventional method (expression in E. coli) takes 50 h.

-
e e -

3. Merits of In vitro Protein Library Construction

The cell-free protein synthesis systems have various advantages over in vive systems, for
example, much higher throughput because it is fast process and can be performed in a multi-well plate
[14], a PCR product can be used as template directly without cloning [15,16], and reaction conditions
can be easily modified to provide an optimum environment for recombinant proteins expression in
their native cofffirmations.

Protein synthesized in the cell-free systems display the same accuracy as in in vivo expression
[17]. Ali et al. [18] reported that 20 pg of the 6D9 Fab fragment could be purified from 1 ml of cell-
free reaction, which was comparafffe to the production using in vivo hybridoma cells. Moreover, Ali
et al. [19] and Ali [20] indicated that the cell-free system could be used effectively to produce fully
functional antibody with an excellent antigen-binding capacity.
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The systems can by passess most of the biological processes and allows itself to robotic
automation for high-throughput expression of genetic information [21]. Because of these merits, it
was used as a powerful tool for protein folding studies [22], functional monoclonal antibodies
production [23] (Sabrina et al., 2010), antibody engineering [24], and vaccine production [25].

After finding PCR products to be used as templates for protein synthesis in the cell-free
expression system [15], functional mapping of genomes become one of the most important
applications of the cell-free protein synthesis technology [24]. This can be performed in a multi-well
format for cell-free systems and robotic automation of the process. A similar approach can be applied
to high-throughput, cloning-independent screening of a large diversity mutant and engineering protein
[26].

Ore of the greatest impacts of cell{fee protein synthesis system could be in the production of
membrane protein. The overexpression of membrane proteins by in vivo frequently cause cell toxicity,
largely owing to their hydrophobicity, misfolding, protein aggregation, and low yields. In some cases,
the overexpression of integral membrane proteins (ion channel proteins, §fansporters, and receptors)
may disrupt integrity of the cell membrane and to cell lysis. By contrast, nearly all of these obstacles
can be overcome by cellgEke protein synthesis system [27]. )

Another exciting feature of the cell-free systems is the extension of the genetic code by using
unnatural amino acids. Several unnatural amino acids can be fused into peptides with in vive system,
However, the types of amino acid and the sites of incorporation are limited by the numbers of the
naturally occurring aminoacyl transferase. In addition, the use of artificial aminoacyl tRNA and in
vitro transIgEbn has also been developed [28].

The cell-free protein synthesis system has been successfully used for production of functional
antibodies with antigen-binding activities and two single chain monoclonal antibodies against
lysozyme [29]. Jiang et al.[EP] reported that the Fab fragment of a catalytic antibody 6D9 has been
successfully synthesized in the E. coli cell-free protein synthesis system. More recently, Sabrina et al
(2010) [25] reported in vitro generation§f anti-hepatitis B monoclonal antibodies from a single
plasma cell using single-cell RT-PCR and cell-free protein synthesis.

The use of cell-free expression system for virion formation of infectious poliovirus [31],
hepatitis B capsid and HIV-1 capsid [32] has been reported. Several cytotoxic proteins, which are
difficult or impossible to express in ceffllar environments can be readily produced in vitro. More
recently, Yang et al., [25] reported that the idiotype (Id)-granulocyte-macrophage colony-stimulating
factor (GM-CSF) fusion protein, which 4§Epotential vaccine for immunotherapy of B-cell lymphoma,
were rapidly expressed in a high amount in an E. coli @ll-free system.

Specific antibodies for hemagglutinin of the influenza virus have been isolated through a
combinatorial expression library which e generated using mRNA obtained from an immunized
donor mouse [40]. This finding indicated that the adaptation of these procedures to the generation of
libraries from human peripheral blood lymphocytes may provide an effective way of assessing human
immune responses to a variety of pathogenic agents.

Since the vast and growing amount genetic information are available today, the use of
traditional cell-based expression systems erial fermentation and mammalian cell culture) to
rapidly sdfEEn protein activities or interactions using a multiplexed approach is becoming increasingly
difficult. These methods require extensive time and labor for cloning, transformation, fermentation,
and downstream processing and not easily adaptable to multiplexed format. What is exciting is that
the cell-free expression system offers tremendous flexibility for fast and parallel analysis of the
products.

The cell-free expression system has taken considerable interest in the protein truncation assay
as a method to detect frame-shift or nonsense mutations in marker genes. In brief, PCR amplified
gene or specific RT-PCR products are added to transcription and translation reactions, thereafter
truncated products are detected using ELISA or SDS-PAGE in a high-throughput format. At the end,
the use of cell-free expression is used to study of synthesis and assembly of macromolecules protein
complexes.

Among them, de novo synthesis of infectious viral particles by the cell-free protein synthesis
system has become considerable attention during the past years. In vitro productfF of virus has
enabled the development of multiple antiviral agents, aside from renewed concerns about biological
weapons and new threats posed by genetic engineering [33].
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4. Conclusion

The use of in vitro cell-free protein synthesis system was found to be successful in rapid
screening and generation of antigens and monoclonal antibodies. This method can bypass
conventional technology which is time consuming, labor-intensive multistep process. Since this
method is rapid, simple, and entirely performed in vitro, it is promising for vaccine and antibody
generation of highly infectious diseases. Since construction of protein library for contaifiing an
emerging pandemic avian influenza need high-throughput technology, the use of in vitro cell-free
protein synthesis system is very significant, attractive and powerful method.

References

[1] Webster RG., Bean WJ., Gorman OT., Chambers TM., Kawaoka Y. 1992. Evolution and
ecology of influenza A viruses. Microbiol Rev. 56; 152-179.

[2] Kim JA.,Ryu SY., and So SH. 2005. Cells in the respiratory and intenstinal tracts of
chickens have different proportions of human and avian influenza virus receptors. J.
Microbiol, 43; 366-369.

[3] Fouchier, RA., Munster V., Wallensten A ., Bestebroer TM., Herfst S., Smith D.,
Rimmelzwaan GF., Olsen B., and Osterhaus AD. 2005. Characterization of a novel
influenza A virus subtype (H16) obtained from black-headed gulls. J. Virol. 79:2814-
2822,

[4] Swayne DE., and Halvorson DA. 2003. Influenza, p. 135-160. In Y. M. Saif, Barnes HIJ,
Glisson JR ., Fadly AM., McDougald LR., and Swayne (ed). Disease of Poultry. lowa
State University Press, Ames, la.

[S] WHO. 2007. Cumulative Number of Confirmed Human Cases of Avian Influenza A
(H5N1) Reported to WHO. http://www.who.int/csr/disease/avian_influenza/
country/cases_table_2007_11_12/en/index.html.

[6] Shoji Y, Chichester JA, Palmer GA, Farrance CE, Stevens R, Stewart M, Goldschmidt L,
Deyde V, Gubareva L, Klimov A, Mett V, Yusibov V. 2011. An influenza N1
neuraminidase-specific monoclonal antibody with broad neuraminidase inhibition
activity against HSN1 HPAI viruses. Hum Vaccin. 2011 Jan-Feb;7 Suppl:199-204.

[7] Ohkura T, Kikuchi Y, Kono N, Itamura S, Komase K, Momose F, Morikawa Y.

2011 .Epitope mapping of neutralizing monoclonal antibody in avian influenza A H5N1
virus hemagglutinin. Biochem Biophys Res Commun. 2011 Dec 27.

[8] Wang L, Hu H, Yang J, Wang F, Kaisermayer C, Zhou P. 2011. High Yield of Human
Monoclonal Antibody Produced by Stably Transfected Drosophila Schneider 2 Cells in
Perfusion Culture Using Wave Bioreactor. Mol Biotechnol. 2011 Dec 25.

[9] Zuo T, Shi X, Liu Z, Guo L, Zhao Q, Guan T, Pan X, Jia N, Cao W, Zhou B, Goldin M,
Zhang L. 2011. Comprehensive analysis of pathogen-specific antibody response in vivo
based on an antigen library displayed on surface of yeast. J Biol Chem. 286; 33511-
335109.

[10] Ozawa T, Jin A, Tajiri K, Takemoto M, Okuda T, Shiraki K, Kishi H, Muraguchi A.
2011. Characterization of a fully human monoclonal antibody against extracellular
Ebmain of matrix protein 2 of influenza A virus. ntiviral Res. 91:283-728.

[11]Hu H, Voss J, Zhang G, Buchy P, Zuo T, Wang L, Wang F, Zhou F, Wang G, Tsai C,
Calder L, Gamblin SJ, Zhang L, Deubel V, Zhou B, Skehel JJ, Zhou P. 2012. A human
antibody recognizing a conserved epitope of H5 hemagglutinin broadly neutralizes
Eighly pathogenic avian influenza H5NI viruses. J Virol.:86 (6):2978-89.

[12] Suarez DL., Garcia M., Latimer J., Senne D., Perdue M. 1999. Phylogenetic analysis of
H7 avian influenza viruses isolated from the live bird markets of the Northeast United
States. J. Virol., 73, 3567-3573.

[13] Potter CW. 2001. A history of influenza. Journal of Applied Mycrobiology, 91, 572-579.

142




2. Srd Intewmational Coafencnce on
m\ Scéence and Techuology [@F

4 2 o= - Mataram, December 10,2018 4 2 0 1 8

[14]Yin G, Swartz JR. 2004. Enhancing multiple disulfide bonded protein folding in a cell-
free system. Biotechnol Bioeng., 20; 86 (2):188-95.

[15] Ohuchi S, Nakano H, Yamane T. 1998. In vitro method for the generation of protein
libraries using PCR amplification of a single DNA molecule and coupled
transcription/translation.Nucleic Acids Res.,1;26 (19):4339-46.

[16]Nakano H, Shinbata T, Okumura R, Sekiguchi S, Fujishiro M, Yamane T. 1999.
Efficient coupled transcription/translation from PCR template by a hollow-fiber
membrane bioreactor. Biotechnol Bioeng., 20;64(2):194-9.

[17]Kurland, CG. 1982) - Translational accuracy in vitro. Cell;28(2):201-2

[18] Ali, M., Suzuki, H., Fukuba, T., Jiang, X., Nakano, H., and Yamane, T. 2005.
Improvements in the cell-free production of functional antibodies using cell-extract from
protease-deficient Escherichia coli. J. Biosci. Bioeng., 99, 181-186.

[19] Ali, M., Hitomi, K., and Nakano, H. 2006. Generation of monoclonal antibodif§ using
simplified single-cell reverse transcription-polymerase chain reaction and cell-free
protein synthesigill . Biosci. Bioeng., 101, 284-287.

[20] Ali, M. 2007. Cell-free Production of functional anti-HIV gpl20 antibody. Jurnal
Kedokteran YARSI, 15, 80-86.

[21]Endo Y and Sawasaki T, 2003— High-throughput, genome-scale protein production
method based on the wheat germ cell-free expression system. Biotechnol
Adv.;21(8):695-713.

[22] Yang J, Kobayashi K, Iwasaki Y, Nakano H, Yamane T. 2000. In vitro analysis of roles
of a disulfide bridge and a calcium binding site in activation of Pseudomonas sp. strain
KWI-56 lipase. J Bacteriol.;182(2):295-302.

[23] Sabrina, Y., Ali, M., and Nakano, H. 2010. In vitro generation of anti-hepatitis B
monoclonal antibodies from a single plasma cell using single-cell RT-PCR and cell-free
protein synthesis. J. Biosci. Bioeng., 109, 75-82.

[24] Rungpragayphan S, Kawarasaki Y, Imaeda T, Kohda K, Nakano H, Yamane T. 2002.
High-throughput, cloning-independent protein library construction by combining single-
ERolecule DNA amplification with in vitro expression. J Mol Biol. 26:318(2):395-405.

[25] Yang YW, Wu CA, Morrow WIJ. 2004. Cell death induced by vaccine adjuvants
containing surfactants. Vaccine. 29:22(11-12):1524-36.

[26] Yang J, Koga Y, Nakano H, Yamane T.2002. Modifying the chain-length selectivity of
the lipase from Burkholderia cepacia KWI-56 through in vitro combinatorial
[Blutagenesis in the substrate-binding site. Protein Eng.;15(2):147-52.

[27] Berrier C, Park KH, Abes S, Bibonne A, Betton JM, Ghazi A. 2004. Cell-free synthesis
of a functional ion channel in the absence of a membrane and in the presence of
detergent. Biochemistry. 5;43(39):12585-91.

[28] Noren CJ, Anthony-Cahill SJ, Griffith MC, Schultz PG. 1989. A general method for site-
specific  incorporation of unnatural amino acids into proteins. Science.
14:244(4901):182-8.

[29] Merk H, Stiege W, Tsumoto K, Kumagai I, Erdmann VA. 1999. Cell-free expression of
two single-chain monoclonal antibodies against lysozyme: effect of domain arrangement
on the expression. J Biochem.;125(2):328-33.

[30]Jiang X, Ookubo Y, Fujii I, Nakano H, Yamane T. 2002. Expression of Fab fragment of
catalytic antibody 6D9 in an Escherichia coli in vitro coupled transcription/translation
EBstem. FEBS Lett. 13:514(2-3):290-4.

[31]Molla A, Paul AV, Wimmer E. 1993. In vitro synthesis of poliovirus. Dev Biol
Stand.;78:39-53.

[32] Lingappa JR, Martin RL, Wong ML, Ganem D, Welch WIJ, Lingappa VR. 1997. A
eukaryotic cytosolic chaperonin is associated with a high molecular weight intermediate

143




in the assembly of hepatitis B virus capsid, a multimeric particle. J Cell Biol.;125(1):99-
I11.

[33] Chekulayeva MN', Kurnasov OV, Shirokov VA, Spirin AS. 2002. Continuous-exchange
cell-free protein-synthesizing system: synthesis of HIV-1 antigen Nef. Biochem Biophys
Res Commun. 2001 Jan 26:280(3):914-7.

144




HIGH-THROUGHPUT IN VITRO

ORIGINALITY REPORT

13. 6. 124 3.

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

journals.plos.org

Internet Source

1o

obihiro.repo.nii.ac.jp

Internet Source

1o

Arslan Yildiz, Ahu. "In-vitro synthesis and
reconstitution of cytochrome bo 3 ubiquinol
oxidase in artificial membranes"”, 10: Biologie.
10: Biologie, 2010.

Publication

1o

A. J. Caton, H. Koprowski. "Influenza virus
hemagglutinin-specific antibodies isolated
from a combinatorial expression library are
closely related to the immune response of the
donor.", Proceedings of the National Academy
of Sciences, 1990

Publication

1o

El

www.ncbi.nlm.nih.gov

Internet Source

1o

Jermutus, L.. "Recent advances in producing
and selecting functional proteins by using cell-
free translation”, Current Opinion in
Biotechnology, 199810

1o



Publication

www.omicsonline.org

Internet Source

1o

Ding, Shaohua. "In vitro synthesis of the light-
harvesting complex into artificial membrane
systems”, 10: Biologie. 10: Biologie, 2011.

Publication

1o

D Suarez. "Immunology of avian influenza
virus: a review", Developmental &
Comparative Immunology, 2000

Publication

1o

Suarez, D.. "Immunology of avian influenza
virus: a review", Developmental and
Comparative Immunology, 20000301

Publication

1o

Lyubov A. Ryabova, Dominique Desplancq,
Alexander S. Spirin, Andreas Pluckthun.
"Functional antibody production using cell-free
translation: Effects of protein disulfide
isomerase and chaperones", Nature
Biotechnology, 1997

Publication

1o

core.ac.uk

Internet Source

1o

RN
w

Kurtis G Knapp, James R Swartz. " Cell-free
production of active thioredoxin reductase and
glutathione reductase ", FEBS Letters, 2004

Publication

1o




Junhao Yang, Gregory Kanter, Alexei <1 o
Voloshin, Nathalie Michel-Reydellet, Hendrik °
Velkeen, Ronald Levy, James R. Swartz.

"Rapid expression of vaccine proteins for B-
cell ymphoma in a cell-free system”,
Biotechnology and Bioengineering, 2005
Publication

Michael W. Dong. "The Use of the Laboratory <1 o
Robot for Sample Preparation”, Journal of °
Liquid Chromatography, 1986
Publication
Submitted to Birkbeck College

Student Paper g <1 %

|. M. Longini. Con.talnlng Pandemic Influenza <1 o
at the Source", Science, 2005
Publication

S. .M. Block;. "A Not-So-Cheap Stunt”, <1 o
Science, 2002
Publication

Marina N. Vassylyeva, Hiroaki Sakai, Takanori <1 o

Matsuura, Shun-ichi Sekine et al. " Cloning,
expression, purification, crystallization and
initial crystallographic analysis of the lysine-
biosynthesis LysX protein from HB8 ", Acta
Crystallographica Section D Biological
Crystallography, 2003

Publication

M. Shaw. "Molecular changes associated with



the transmission of avian influenza a H5N1
and HINZ2 viruses to humans", Journal of
Medical Virology, 01/2002

Publication

<1%

Baptiste Panthu, Théophile Ohlmann, Johan
Perrier, Uwe Schlattner et al. "Cell-Free
Protein Synthesis Enhancement from Real-
Time NMR Metabolite Kinetics: Redirecting
Energy Fluxes in Hybrid RRL Systems", ACS
Synthetic Biology, 2017

Publication

<1%

Cao, Zhiliang, Jiazi Meng, Xingxing Li, Ruiping
Wu, Yanxin Huang, and Yuxian He. "The
Epitope and Neutralization Mechanism of
AVFlulgG01, a Broad-Reactive Human
Monoclonal Antibody against H5N1 Influenza
Virus", PLoS ONE, 2012.

Publication

<1%

Bruno Marques, Lavinia Liguori, Marie-Hélene
Paclet, Ana Villegas-Mendéz, Romy Rothe,
Francoise Morel, Jean-Luc Lenormand.
"Liposome-Mediated Cellular Delivery of
Active gp91phox", PLoS ONE, 2007

Publication

<1%

Exclude quotes Off Exclude matches Off

Exclude bibliography  Off



	HIGH-THROUGHPUT IN VITRO
	by Muhamad Ali

	HIGH-THROUGHPUT IN VITRO
	ORIGINALITY REPORT
	PRIMARY SOURCES


