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ABSTRACT

Gene of interest is rare in nature, or the genetic material conitdhdtie, sach ger
chemical synthesis of complete genes is a preferred method of cloning. One ca
gene, but also a whole library of genes or mutants of a single gene for bioengi
developmeand combinatorial biology and so on. The major technological driv
inceasingly long cfteertc¢thdsee DNA at reduced cost and also on improving the

purposes. This can bgnabtkievengbyligos with overlapping ends, then annealing t
form a-lfaigth gene. But due to the inherent nature of oligo synthesis, mutation
during the synthesis procedsramBhisasliyuldtmotrs the gene size and increase the c
overcome this problem, a novel gene synthesis platform has been developed to
with no muflat@ynthetic gene can boer exineigeidon and constructed for easy muta
without regarmgategthme nOeuprogram requires simple iinpamiimdoamiatiscerquence of the
protein and melting temperature (needefdshbre tilte odiggoen acleeonilnleyd. The program

of oligonucleotides sequences with codon optimized for expression in an orgar
characterized bgnhagbhpus melting temperatures andhainpimimiorm aeiode Vet Hotrhe

this program and a two step PCR method, synthetic genefhmoapprivachl po®bent
simplifies the production of proteins from a wide -basiedydiésrganisms for genor

KEY WORDHigonucleotides syandbegiendosynthesis, bioengineering applications,
development, combinatorial biology, Error free synthesis, PCR method, ligation

INTRODUCTION require phosphorylated, polyacrylamide
Concept and Scientific Rationale of theutdféad oligonucleotides for best result.
Artificial gene construction is the prodesuobi solngbesizie@tides is labour inte
agenie viwbthout the need for themetfimale a major deterrent for researchel
templBteAssampl&ene cloning and expregsten are

schedule techniques used by mole@libornukielsgashesis

However, the PCR cloning stepsinhgdmeralligoquicleotide synthesis was develo
existence of template DNA, which is &oCarlntdessre@ddi8yl) and the method we
available (LeetYalkdP.4ln enzyme engimpdeorsipgoramidite method or the solid phac
applications in particular, the desireslymiNéAsisegyehcdanivolves four steps such
nearly always nonexistent. Furthermo€e,uphien @,apyrianlg D NBuxdi dieo n (Fig.he
sequence may nmblbe exppiessed in aodifferealteotide synthesis is done by usin
organism, thus requiring codon optimifzzootrotlopaahigVva®ss (CPG) of 50 nm or
efficient expression. While site direetkRic hmdiNalges eadie isttached covalently. T
expected to solve some of these probleasserticoppacedstmmdayaditional methods di
become tedious and costly if too mwanyhrucétendidelsemaedl reagent is easy and t
be chan§eam(edral9y5 As an alternativyer,otedare is simple. For synthesis, low q!
gene synthesis is rapidly becoming thmateréedd¢riedemeiheod since the reaction ce
for applications requiring the asseimblg vefss®INAnd also can be automated
sequences, both natural and eatgingErthe(dHsckslenvage bhastheolsgbidhagps to L
al, 1990 To date, several methods fortrgestorsiymdheérste liquid phase by using
have been described, such as the ligatinoniaf upreedornmedpressure. Once the c
duplexes of phosphorylated overlappitige diigpoduclegpandieseotide has to go for tli
the Fok | method and a modified forhmsodt|TdadegchbaiGelsius to remove the ex
reaction for gene synthesissedowvedheds all th
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FIGURE

Theligonucleotidi®s bfpavidiedtdufollwingespective oligonucleotide is kept in the |
reasons: along withP€iRe components Pyuobhoasus
0-Byproducts from synthesis and cIeavétgrQos(BE)J DNA polymerase, dl\_ITPs_ and B
8-Free protecting groups (salts) (Xiong et al.TROOB).primer will bind to t
d-Residual solvents primand similarly the F2 primer will go an
8- Truncated sequent@B%)CE similarly the whole chopped primer will
5 Deletion mutants (capping reactiorigidtegofo 19@chy,other. Once the ligation

efficient) sequence is achieved. Then, norr_naI_PCR
3-Base modifications, depurinations (d?HicWithothEm@y@ard andr rievearsieieyenthe
3 Unlabeled product desired concentration. For exand®le in

PCR Asseilliyealing of oligonucleotid

ggquence can be obtained and for 30 cyc

Once the desired oligonucleotide seq%ae%g(gda%ﬂggﬁide\gghq

t

he PCR blagation needs to be done. Now the

FIGUREProtocol for Gene Synthesis
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1.The desired gene sequence needs th hrecsythtd eesiroegdfrise gene is ready, that
screened from the source database. by using forward and reverse primer
Ex: NCBI, EMBL, UCSC Genome, EnsabibdliGiemotinea, of gene by PCR.
NCGR.

2.The selected gene sequence needs Bovabh@lehdpgraukssatofor Artificial Gene Sy
small oligonucleotides with the helpexfo®ENE NAufeagrion of cellular tumor anti

programes datired leddtmt(Base). LOCUS X01235 =554 bp DNA - linea
Ex: DNA Works at Helix system, Geéh@Vi8686ligo and
GENEIUS. Sequence
3.0nce the desired oligonucleotides Rastaldbaimad, then
the PCR based ligation will be carrigdGogudttacaaa gactctgtct taaaaatcca aaaa
Ex: Closed chamber PCR. tagctggata ggaaagagca cagagctcag aaca
4.Successful ligationigbraltltchetides wgldtgaveeaact taaatctidtctat acttgacaca gagg
rise to a copy of the desired gene. tcctccgaat cggtttccac ccattttgcc ctcac

5.0nce the desired gene is synthesizeglacititbasacbmamegtt cctgctgagg gcaaca
checked for the expected size bhotgdgxitgse aggtccccgec ctccatttct taccctc
electrophoresis. acttgccctt acttgttatg gcgactatcc agctttce
6.After determining the correct size, gbggggogetghasctigpghattgg gactttcccc tcccac
sequenced for exmcdf poosssés as in thtaaaggicag tagcttcagt tcattgggac catcct

gene sequence. actacagtta gggggcacct agcattcagg cccty
agcagggtgt cacgcttctc cgaagactgg gtaagt
acga 554

The Chopping needs to be done to achieve small oligonucleotide byT@EHWRE cutte
Ex: DNA works at helix system.
TABLEParameters for trial 1

SI.Nc Parameters Measures
1 Total Size of Gene 554nt
2 Protein Residues 0

3 Mutatable Residue O

4 Fixed Nucleotides 554nt
5 Oligo Size 2845nt
6 Total Oligo 30

7 Annealing Temp 58 +1*C
8 Oligo Concentratio 1.00E M
9 Sodium Concentrat 5.00EM
10 Mg2+ Concentratio 2.00E M

30 Oligonucleotides are synthesized: Forgthagt¢oorgigtetccatttcttacc8Bcaacc
gene synthesis 16 ggcaagtccttccgtgggttgagggtd¥Eagaaatgg
ggcttacaaagactctgtcttaaaaatz8 17 cacggaaggacttgcccttacttgttd?ggcgactat
gatagtcatagccatctttttggatttttdbagacadagtctiggtacaaagctggatagtcgccahtaacaagta:
caaaaagatggctatgactatctagcd4dgatagd®aagagcectttgtgccaggagtctcgecgddggt
cactgttctgagctctgtgctctttcct8iccagcta0 aagtcccaatcccagcaacccccg@dagact
acagagctcagaacagtggcggtcca6ttacgathatgctgggattgggactttcccctcccdlgtgc
ataaagagtggaaagaattaagtttidlicgtaald2ggaactgytagccagggtgagcacgtg8fagggga

aaacttaattctttccactctttatacttgghicacaddBgygragortggctaaagttctgtagcttcattcattggg

o N o g b~ W DN PP

aactg@agaggactcctgcctctgtgtidbagt 24 @xtagccaggatggtcccaatgaactijjfaagctaca
9 agtcctccgaatcggtttccacccattBtjyjccc 25 accatcctggctgtaggtagcgactaxtgttagggg
10 cgtctaagatatagagctgtgagggB88aaatgp@tggatgaatgctaggtgccccctaactyjjfagtcgcta
11 tcacagctctatatcttagacgacttt4dacaaayyt @itacctagcattcaggccctcatcct8btccttcc
12 agatgttgccctcagcaggaacgctBi@tgaaasBgcgtgacaccctgctgggaaggaggadfgatgagg
13 tgctgagggcaacatctcagggagadstcctgaz9ctagcagggtgtcacgcttctccgaad@a@ctggagt

14 aggcggggacttgcagagtcaggaBi®@tccct@0 tcgtcacgctcatcaattacttacccalgrcttcggagse
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Once the small oligonucleotide is achieved the BBCR ligation will be
FIGWRE3
MATERIALS AND METHODS optimization several parameters like Tn

Gene synthesis can be done eitheconxe npariomgsoniggo length, codon optimiz
oligonucleotides from a commercial chmpapnybersittacdartdiezed.

synthesized in the laboratory dependAmg inputheffgcoitiens sequence is given t
available. Oligonucleotides needs to \leicshy nheas wexdesdet@as the protein sequen
50 nmol scale and stocto slmdupirempsarreasatias hoghdséquency codons for the or
desired <concentration in water withosen.addegiseqlence can be entered eitt
purification. All the PCR components asufdheasnPfFADOACOs simple text format.
furiog®su) DNA polymerase, dNTPs dhankbinffessqoénces can then be provided
highest quality needs ed b200Ws8ed (Gaointo the synthetic sequencef Af theubea,ini
GenAssemifahyAmplification the bdac&nslated initial sequence of the sy
The assembly of the synthetic genedifridmd dotopameattd number of contiguous
oligonucleotides could be performed aceordhmagay.tdnizerdafhsl nmakting temperat
equal volumes of oligonucleotide so(doionest (@RACGS5AlIlgerithms used to calcula
concentratl'eh mf/ml) were mixed togeligenuardoniglting temperatures are bas:
diluted with watércomce fitmdtlongdfil fonear@gtighbor model. A score is then ass
each oligonucleotide. The oligonuclexatdieonmoxtuhe kasis of codon frequency,
dilutedfobd with the PCR solution.(wlitein ferexclh oligonucleotide), and devia
concentrations of components were OelSingdumdbtingatéimperaturesamidityizoef. TI
oligonucleotide, 20 ®I {pHT&i8), 10 nhMifpin formation is determined by co
KCIl, 10 mMM(K#RSA, 6 mM for MSDO% oligonucleotide sequences for individual
(v/iv) for Trix6A, X0.1 mg/ml for boviseqgwenaes of reverse complements for a:
albumin, 0.2 mM for each dNTP Thadnwmbery length, composition (G+C

foPfpolymerasandhat all992 The PCRelative position oftweatchéeskesequence
protocol for gene assembly began wdel oémre calconiatingfohmathanrpiscore. Th
denaturation step of @hkiccd, theripglymecases associated with deviations of meli
was added to avoid any possible mispnomisizeshmtf stadividual sections beyo
PCR). This step was followed by Z2&lecyotes afe axalculated using a parabo
denaturation temperature 95°C for 30appcoadisiraivarihblealues for those pare
annealing temperature (dependent donftinlge tomeflarn§rom the numbers reques!
temperature chopregriamhdeor 30 seconBscamseanof the high number of possib
extension temperature of 7Mé@Gtaftorall. jamsnming just two possible codons pe
1990 The last step in this protocol wasidare,incupaatenn consisting ofel00 re
cycle at 72°C for 10 min. For gene ammpt¢iddeatlblif2zarantogenes), we employed a
the mixture resulting from the gevees assethbtyofeaptiorization (a variant of a sim
used as the template, with the outernmabdgorotligonurdeloeidélsan a deterministic o
used as pftimeas al.990). The PCR protoreeodiéot. Two primary benefits of this ¢
gene amplification was essentially tlhdusamessasga@isgdeptermination as a re
assembly, except that the annealingnteappeeature Ilwaal minima and time effi
raised to 62°C. each optimization step, the boundaries of
Program oetli redefined. The initial and final synthetic

DNAWorks was created with the idea bifstsiniipdpdinyiodduekigonuclelotidewsthqtlea ce
and moderate flexibility necessary toscariésmbsit eaelmsection from both the i
scenarios odnidgs the synthetic gesesuenEerare generated and written out.
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Codon Optimization the digital sequences are available but

Codon optimization is a technique recentintisse ch dy tro achep e nfdciaH oglenensyamthes
scientists to improve the protein eXpresebianhdaig Gi#negof interest. The metag
organism by increasing the translatiom&lvefdixireqndptofageoneential field of growtft

of interest; Optimizing codon for the @utsticmageqenavildybéhesis will also grow
done usitmagdard psotpramcrease the funcftfiemalgtpigger business opportunities in
of geneegtLin 2002). and cost and becoming an nemptorbdnt c
Error Correction molecular biology productsn vitgemdkdition

To overcome problems associated wighntdlegos ucilléodissle have greater potency
guality, several elaborate strategies Hhuwsie elsese nppevedaptédsc DN th e oarsetauction,
employing either separately prepeatedogéimosilsipgotein expression, creatior
oligonucleodrdemismatch binding enzgomembiofbbdirets and synthetic biology.

thenutS family or specific endonucleasEsmimemcbal¢tatiansProspects and Scalabil

Qiet al2001 Synthesized gene will be comparatively
Application of Artificial genes obtained from other methods for many pro
To clone genes without template. Academic groups have lower budgyetrso but
To improve protein expression. synthesis momecaddwo many projects

To synthesize gene variants. Cost of synthesis are expected to decline
To make mutaaibeslibr Complete control of sequence allows
To freely design and make new vec@EpRerigre ntevhplexign and new experimente
constructs. modify genes

Construction of HyMrdy &G 2e00) § Current market eistimitgtenefsynthesis is $
Market Potential millior83® million a year

At present, the synthesis of virtually eV grehes inigenes synthesis are growing
least some manual steps and econo@i®8%oR ¥eale are

modest. This allows some gene synt®édis acdimpyardi@stien of the overall mol«
survive on revenueslo% judlioh per ye@arked and there is lot of scope for impro
the other hand, automigticcovewililtso exp¥éetegpect it to grow rapidly -batyacsuld
investment and maintenance costs if iereacdome d@ndficemt fraction of the mol
large scale. This suggests that themankatstry will be

dominated by one or two very large, low cost firms by the

middle of the next decade. There will vdbablghalsenpesfiged roadblocks

to he smaller firms that specialize Ehrotetateslodis8do

(including traditional manual methodsYi®paweired harridzation can lead to scra
specific classes of genes that the ddheinabilityrmmpeghisstreed and cost
readily mass produce. On the other h@eéethepueseasmiesdifficult or impossibl
of scale and survival willtrdegpiegd a&dfigult sequences can add to the cost ani
retaining a critical mass of customers. We therefore expect

large customers to exert substantialNi@weltyge over their

suppliers prices and service terms. Ilhdeke rapidt impgevemdents in DNA synthes
miesized customers have already deveh®oddd tké¢aportetetial to revolutionize b
strategdoeexploit their buying power. Mbk@ewrsfietrire (Aetleaiza03). Traditional
gene synthesis companies still export lgesettianehigeneerieg metheo die peredeamp
percent of all orders outside the U8n&anpdakeueogensive but labodireutedise
Furthermore, most of these sales are fdtWwiser vasissi®. eByplore the impact of s
contrast, sales to the MiddlesEatdtaaccoe@mt &0r existing sequeDeenogemee and
percent of all revenues and most of thesemeomgntfhemis frees the investiga
Israel. This situation undoubtedly refle¢estiotieootsn okodgesmpgeaeaenmnd allows fo
stiihcomplete penetration in many partstbe thetiwaalddesign of any conceivable
the other hand, low demand cannot beth®enahole Story.

Indeed, eveWlStlaemd European markets Bayeussnigl the newly developetasmedhod
significantly segmented with US firms deimeg apmthte siisoceergspmthetic genes for
thirds of their business in North Ameribameand pEotepe &knsases PKB2, S6K1 and
doing about 85% of their business in &liaSomerde withthibtriree orivieo mutagenesis.
companies like Genscript, Entelechon AGeidecdntl glearggesynthesis can be used
$0. 29t 0%0.35/bp. But with our phosphorapravdctees geniemprove antibody affinity an
synthesis method, the cost of gene sPmotthasis wklhghbreeering and Compri
comparatively cheaper than that of otheM Asigenasds EubDogreain engineering sir
companies which are in the market. Largeessumbemat&ing a serheasmngdsdioeated
metegenomic projects is haptheniwmgritd r @and hooB g n(netr al 2005 and edoala2 @0 7
where in sequence of unknown organkRESULST being done

leading to discovery of new genes of interest. Since only
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Sequence of the mature protein wereseduancedidibdmtehe while for the sequenc
different protein banks and used as iapdtatoov® N#& apprmexi maitelyes5 the progra
.For each single protein the programeweacutexecuted RWThwith a2.00 GHz Intel
the various combination of the meltia@QPléppecassog, in

order to get the artificHataseguierdebVheherocedure for synthesizing genes is r
lowest score. The set of the calculatetdomiilgoad.clWothde¢hbe aclansehtiohization

were cross verified using the programyegfitil{26d bdigenifgleotides .The final ge
the consistency of the melting tempreradtioen gaveallrisketo a single dominant b«
oligonucleotide .The <calculation tinas sflfoowra b30kpgel eleeltyophoresis (Fig

FIGWRH
a) 1 is a 2kb Ladder
b) Ladder marked
c) 3, 4&5 PCR gene products are all of the expected size (

CONCLUSION AND DISCUSSION Adlemab, M. (1994) Molecular computat
Artificial gene isyrihteegisocess of syrsthlaigipimsgy to combinatorial probdems |
ageniea vitwbdthout the need for 10i0ittih024

templBteAssamples. The main method is currently

byoligonucleotide (aysthessed for Bemewrer , S . A . and SiAmo@r2005 ) Synth
applications) didfitam genetic gedqudroéesgVature Reviewsp@e h&8t{Has3 .
subsequent annealing of the resultant fragments. In

contrast, Da&NAraéplicatqanres existingDDNa&Id J. Quigg Extreme Genetic Eng
templavessfynthesizing meEiwWsbDNAD.G etlnalrgduction to Synthetic Biology, ETC G
2008 fl your gene of interest is rare PROOnatuAe,inmoal theegal Defehz®3Wund v., pp
genetic material containing the gene of interest is difficult

to obtain or isolate, then the gene Gdofnte¥Bst kaemihpbBRagdglad, and Haris,T.
synthesizeednobygin vitaoticial synBlyesic2003) Thermodynamically -bal&EB¢O®Y insi
synthesizing oligos with overlapping PEhRiasethhegeneligyrsthesis: a novel meth:
can be annealed and extenbedgtl dendeaidgull for-®dedhty assembly of longer
Due to the nature of oligo synthesis, segteancres, &uxdeial ctilddis3 Res., pp
deletions occur frequently during the synthesis process.

Thisitsation dramatically limits the QidsenstbDe Bemdders, G.A:Rfammkewts, C.,
increase the cost of gene synthesisDehdisovarcBnAelitBasdenH., Zaveri, ,J., Sto
issue, a novel gene synthesis platforn.Bas Breoemn bew,ePopehomas, D(2W.Q8AIlgire
to efficiently synthesize the gene ofClamgpdeteizdhewmitbahsynthesis, assembly,
mutatioMeflon, C et)al.,2004 Mycoplasma gegqeéthanBaiengpl215220.

ACKROWLEDGEMENT Hoover M. and Lubkdw$RD02) DNAWorks: ¢

The authors are extremely grateful tomutdmaPedmmieahdda for decsilg@minde 0 lif@an

Sagar, Vice Chairman, Dayananda Salg&m brsstdt giipéalse siirsd Mcé Hesi R e83.04 B p

Dr. Krishna Gowda, Director, Dayananda Sagar College

of Biological Science560B@8galNbdA, Ifimis, M. and Gelfand, D.H. (1990) In In

their immense gusdppoetafrod this proje@elfand, D.H., Snindky, J.J. aR@RWNhite,
ProtocoAsademic Press, New2York, pp. 3

REFERENSE

129



1.J.S.N., 41p201:32430 ISSR2296441

Lei Yowmwmgl Qihan Dostedwotal gene syemdesuclease VII and bacteriophage T7 e
method, Nucleic Acids Research, 2004ynYbé¢ti82brdochppnigratable Holliday jun
1058 Biol.,7@2W@#A35.

Lin,Y., CleengWaxg,and CTa€k, (2002) ThieeX., Wu,, Huakg, McDokh&,, Palumbo,

use of synthetic genes for the expr&ssidmnelbjfe,camateZiou,2001) Evaluation

proteins in heterolo®GensppPStedds. PCRenerated chimeras, mutations and h
with 16S rRNAagedecloning. Appl. Env

MehtaR. K. and Sidgh(1999) Brie@rdep Microbiol, ,880+887.

extension PCR method for constructing chimeric genes.

Biotechniqué98pp1086. Sandhus.AlefR.A. and KBirte, (1992) Dual
asymmetric R&Rpooenstruction of syntheti

Meyer, M., Wagner, E. (2006) Recent Heotelolpmigauktstiipgihe

application of pladtmsedDMectormadalnd s

interfering RNA therapeutidgamfortGem&t¢emmer W.P., LramirD., Brenhaw,

ThepplO062076. and Heynélker, (1995) Stegleassembly of
gene and entire fppdmsmiddge numbers

Neylon, C. (2004) Chemical and biochemgoallesknatibgiewscfeotidds5&ene, pp

the randomization of protein encoding DNA sequences:

library construction methods for diXexngd Ae8o)uPiemg, R.H., Zhuang, J., Liu
Nucleic ARedmspl448459. Chen, J.Mheng, Z.M., Yao, Nb&n (200¢
polymerase -agskimiphyed chemical gen

Picksl8W., ParsdhAs, KemBerand Weest,strategies, methods, Bmtk chrroglr.egg.v .,
C.(1990) Cleavage speci®city of bdetkBidbphage T4

130



