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WD 2008/ 018839 PCT/ S&007/000248 1 Method for

nol ecul ar bi ol ogy applications Field of the invention
wab@siomssant i on relates to the field of nol ecul B€T/SG2007/000248

bi ol ogy, in particular to nethod(s) for nolecular

bi ol ogy applications. For exanple, the nethod(s) 5

according to the invention may be perforned to

synt hesi ze, and/or anplify DNA and/ or RNA using at

| east one nucleic acid-nodifying enzyne for

di agnostic, scientific and therapeutic purposes.

Background of the invention 10 A characteristic of the

i nteri orgefoddbl nffédifar Isioldds dbplibafigtisal concentration

of macronol ecul es they contain. Such nedia are terned

"crowded' rather than 'concentrated because, in
Eﬁikﬁﬁﬂﬁﬂiwﬁﬂﬂgﬁingle macr onol ecul ar speci es occurs at

hi gh concentration but, taken together, show a vol une

20-.30% f i
The CRUBRA PREL adts dield 3 {RORRAEF binfonl?H Batlchlbr®to
meBRId (8. fern st mzﬂ@gy %Egﬂc@ﬁor%OCF&O@xQMplé otheemethod(s)

consi dered when usin sical theory to cal cul ate
acoording oliestgu EEIV@EBO@fm%Y cmdpﬁ@orm@d de svérthesizesanger @nerlify

ONF arion BN oot B8 ik et e g Rme or

dlagﬁbﬁm, scientifih ang tiograpeutspofposeber  nmacr ool ecul es
that are not generally appreciated (M nton 2000, Ellis
2001). 20 Biol ogi cal macronol ecul es such as enzynes

Bagave eaotﬁedﬂmbo !founctl on inside such crowded
; xanpl e, the total concentration of

protein and RNA inside bacteria like E. coli is in

A ¢Herat@nigiic @f tRB80intdHdrg/df. alMeeli®ni®Iths Uuhigh tc@ailodwﬁo@gtr'aﬁon‘ of
al so ternmed the excluded volune effect, because it

maginolesaies thel ssanteisr ixuchemedia Ff’éerfﬁfrl]ﬁﬂ ‘crowded’ rather than

cohE@ﬁPﬁEHa@é&d&é Wgéﬂéraf ﬂb%lﬁgl@h?&#&rﬁ&ec&]_ 18 §?gées occurs at

onspecific stetic repul'sion s ways presen

hlghe:gmoéh‘ea’sombu’anw«en mgetrmrx slamﬂiav\mlume oapiplaacy ef 20-30% of
i.nteract.j. ons t hat ght r. bet ween the, sal ut

2 AR V(e Wit N Rl AR SO toat BB Shi dnege yalues

defitid 'd?‘ﬁ%\?pﬂfxﬂ@% 'ré‘ﬁéé‘Qﬂ'iGﬂ—%OO"’ﬁl’l' U bef céﬁéldered when using
carb ased fornms on earth (reviewed in Ellis

physical) thePhede galeulats e consequences of crowding inside cells. As
pointed out by Ellis (2001) and Minton (2000) crowding by macromolecules has

both thermodynamic and kinetic effects on the properiies of other
macromolecules that are not generally appreciated (Minton 2000, Ellis 2001).
Biological macromolecules such as enzymes have evolved to function inside
such crowded environments. For example, the total concentration of protein and
RNA inside bacteria like E. coli is in the range of 300—400 g/l. Macromolecular
crowding is also termed the excluded volume effect, because its most basic
characteristic is the mutual impenetrability of all solute molecules. This
nonspecific steric repuision is always present, regardless of any other attractive
or repulsive interactions that might occur between the solute molecules. Thus,
crowding cannot be avoided and is a hallmark of the intracellular milieu of all
carbon-based life-forms on earth (reviewed in Ellis 2001). These resulting
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WD 2008/ 018839 PCT/ S&007/000248 2 effects are so

| arge that authorities in the field state that many
we@2iseses of enzynme catal yzed reacti on rat esP@mnsG2007/000248

equilibria made with uncrowded solutions in the test

tube differ by orders of magnitude fromthose of the

sane reactions operating der crowded conditions

within cells (Ellis 2001). Sur prisingly, biochem sts

commonly study enzymatic reactions in solutions with

a total macronol ecul ar concentration of 1-10 g/l or

| ess, in which crowdin negligible. In particular,
effepts aﬁfﬁé@h@m%éhataﬁutf@ﬁlgymmtber 3tstet$stheé|raany@stimates of

no
enz&m ent Blz%f:iar% errée)l%gu @q\g"%&&‘%ﬁg‘ E%&%solutlons
in thqmmilisbe"@hiﬁfer bmd&iersmﬁdhégmﬂ&iet fiern 1%@36@1‘ theshartd rdddfons
wded  envi ronnent of the qrgani smthe ave been

°pe(5"f“’f"§9 Hader,crawde &@nfjftl%ﬁs withyin ﬁ%H&‘e Elfig 395& i ptase and

pol ymerases used in these systens are derived from

t hernophilic bacteria, nost prom nently Thernus
Suratgsiaglye bm%ﬁaqsipcﬂqmmpaly@tudy 'élmeymatlbeeaﬁpmsl mcsolutlons with

2 QRE fRGtS B RRURT 2R e Rt e 4P i PE TRt o Neigh syeing is
negligibes. 18l gartiadilat, ePBioBhEmR! a'ﬁaeenz@h%ttcaféatcﬁoﬁsg ré‘@ﬁ#%@@the

condi tions ends here, since t hese "enzynes are
ampiication nok aNAugngo I NAofer tdiagnassicn osclentﬁicataaadt Hieerapeutic

OOk BRI B3R HEBRIRA) LAt LS not ettt

crowded reﬁwironatenv of ttly@&:rgémsﬂ\lhel?%a&f@b@éﬁ ohiginkIgNderived from.
|nhe ently | ow Erocessnwty conpared to replicative 20

Of ‘t‘?/tﬁe rBBFGIRiasR 8 (PPW%%E’?%N&%)'“ Wﬁ&snsltfé@’éﬁcw@ﬁerlved from
theﬁﬁ@&ﬁlﬁd BabeRib! ﬁ?&st&ﬂbqﬁﬁ@'ﬁ r%bdoé Bgﬁc?l}s ﬁ/q hglgn}e(gase).

vivo. Hence, to ma Iy proc SS|ve,
These th'ecmaﬂbldib hiastqré yeemde devuve ini hotopdals a:‘nd the enzymes
detetabl ield of PCR uct that does not
derfignEoRhess ShSnAMS gt Bipiovar bBsy SRl demaeraiypes. The

similrityas vﬁdﬂ@\?sécﬁ@mdﬁéaéndﬂ%@@h%%%éée %"ngmgg Gr& Pt b work

enhance and maintain the integrity 2
in aggpys selutions thet donnoPemylate dve coovied goriditioms rmhherbactena

inef ShrERUARAY oo on? A BB Pt 53, RPN o
DNAt solyaucgde With ah inhereritipnp@r pidbeesivitp edPAv@HNG replicative
type polymerases (T4 polymerase) which depend on specific peptides for their
high processivity in vivo. Hence, to make Taq highly processive, it has to be
“‘coaxed” to polymerise DNA in vitro for a detectable yield of PCR product that
does not normally happen in vivo. In physiological conditions it was suggested
that macromolecular crowding could enhance and/or maintain the integrity
and/or stability of the DNA-Polymerase complex (Zimmermann and Harrison,
1887), although this was suggested only in reference to a T4 E.coli DNA
polymerase binding to its target DNA at room temperature. Non-crowding
approaches to increase processivity have revolved around complex procedures
like engineering recombinant constructs to synthesise peptides that function as

‘processivity factors’ to enhance the binding of the enzyme to the target DNA in
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approaches to increase processivity have revol ved
around conpl ex procedures |ike engineering

WO e@siEseant constructs to synthesi se pepti desPeTis62007/000248
function as 30 "processivity factors' to enhance the
bi ndi ng of the enzynme to the target DNA in WO
2008/ 018839 PCT/ S&G2007/ 000248 3 a "sliding clanmp”
mechani sm whi ch only partlaﬁly resenbl es the nornal
physi ol ogy. Certain non-replicative pol ynerases such
as the T7 DNA polynerase may have their processivity

enhanced in the presence of proteins |I|ike
t'slidin@dolrmp” wiadhahisen rwhicht amly Tﬁart@?h%d@?ﬁbﬂba&&ﬁ@' @%rmal
functi like the sli

bl.e
ph ?*é@%y?obest@n cPPeRal o Sheraiases ARecaht he T7 DNA
po@ﬂi@beé ghay haQ8&hae ‘b’r@@bé&ﬂfﬁé%nd@smsﬁgﬁgﬁggﬁé %\";\@rotelns

nthesi zing a peptide to ance the
|IkQ omog(weMa’gbthgrrgsuIt@ttTgr@mreﬁMn(dmgeEbeaig alﬂl@&é)functlon

dent 10 Th
IS RD RSP B S8l BEBS edSed  Ht neticay
engimegred:bcﬁn@étrucﬂd@ﬁseﬁﬁggé%%wmﬂrﬂhé&zlﬁb aé’\b@;ﬁtldéofo enhance the
t hat nmacronol ecul ar cro an I nhere

opservin
bingies bev %%é'ne Pelimerasemnd 8p targﬁtgmNg\ paoe =i ale ZD&A) in a
noﬁ&@qﬁgﬁce ge ¥H§ér¥t4ﬁ’éhﬁé} in vivo and hence in vitro. 15

Anot'her aspect I'm vitro DNA polynerization (as in a
PCR) that has, not been currently addressed is the

Thi et He Bymeht Fisthdds have BeRE Simgpred & b eirpiveaibey Ko not
ad@RisEahb IMHErRRld fISs of%t@@ﬂh@rtﬁa# ﬂ'natd}]@mb% E (crowding is

sequence, so that mniml error~is found
an gpbelgant .physialegicalmeasirerent doeahhighly prcmebsnva DNyobre RNA

I d h
el R ai RO B st WP havi ng been engi neer ed to

carry them This slows down the processivity of the
enzyme autonmtically Hence, ensuring sinultaneous
Anﬁﬂ@ﬁ aspgekakinyitrg Dahl.ﬁ nalynefizatian (as insa HGR) thet hidsmpt been

oo HBREEE e et 04 HEEIY BH% oz gnayme. o

refliisg o yther-abiligd afnthier enapme m tihtorpohgtentifd &dsrect rhddllé@tldes
[ been theorized and bi ophysically

CO'QHRRW%M I %ﬁ*}@ﬁﬁ{q‘?@seamge sedhpkRYnimRheHas - foane in the final
pro@ice hCgreht NeeBBeR- fRkAMANRET faLty URIBIeP R¥RL RSt table

polymerases armed with proof-reading properties or having been engineered to
carry them. This slows down the processivity of the enzyme automatically.
Hence, ensuring simultaneous high processivity and high fidelity is still eluding
current molecular biology techniques. Again, physiological in vivo DNA
synthesis occurs in a highly crowded environment within the nucleus. In this
situation, it has been theorized and biophysically shown that crowding favors
correct DNA base-pair matching (the match-making effect) under physiological
conditions (Goobes et al, 2003).
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condi tions (Goobes et at, 2003). WD 2008/ 018839
PCT/ S&007/ 000248 4 From a bi ophysi cal standpoi nt,
wo b@sassence of crowding conditions in nol ecuP@r/SG2007/000248
bi ol ogy techniques nust lead to a variety of
deficiencies when perform ng these extrenely w dely
used procedures 1) PCR - polynerase chain reaction 5 -
wi t hout chaperones and protecting macronol ecul ar
crowders, folding of enzynmes is conprom sed and they
are, albeit sturdy, subjected to increased hydrolysis
and decay towards the end of PCR cycles; - the
Fronblq/nl@ippévﬁgalerstqn@@irar ethaotabsphceradl ycrowhihgd camditions in

o o eH LSS e kB RS o ifrBtEd v
' id Bgt d d fidelity); -
perthang issonuiapnies edpbesaigeduced [1del11):

1) FORVBORF RSN cRARRESXRsh are | ess stable leading to
subopti mal enzyne substrate kinetics conpared to that

o o with ; i ng Crian a
RS e A e S
enziytviesr isutanmproR e d andithéypare, dlbeih sfuady, ssubjeateddo increased
st ringent, condition f salt tenperature (large
hy&@%‘b’%'grﬂﬂ%%cﬁy tPW@rdSSpﬁVs‘?rbAan l?&% ?@T%f’ the enzyne
activity wwth regard to stabilj t]y and processivity,

- thg eolyEIsHiZINgRIEIem ARt timallyiridadeans perorainostly ginder
i ' Cpiap! C MRS RL 0 : -
h@%%gﬁéréﬁl{%s r esulsf‘%\)(:eim?l1I %éﬁct I on %ftBt@%org %aﬁcfe(eﬂ{)ymatlc
expaRstoocand sopying hdstakas ¢nedacéd didblitylli ng of priners to
target is another problemw th conventional PCRs that

- tleed DNA-cmeymedr €3NADNR, MRNAMGNANARNAIRIGA oahy  rehged
correctly bound pri mer-}arget dupl ex for further
STAVMSARTAHIN SAMPIeXeF aiFt IeRassiaplealpading drsipomistal enzyme

sUbRtrad RAGHES cOYipSIdd @ thaPRY Jiyy:ng the amplifying

enzymes (purification, reconbli'nant expression, site

f
- it ﬁ%?%ggi@%bgggﬂ@ﬁéﬁ%%% L6 %{Jpe/?rl.urglgglo of 4#het DNA, the

escri gene pro
detection ability with routine PCR conditions often fails;

- under stringent conditions of salt and temperature (large cycle number), the
physical limits of the enzyme activity with regard to stability and processivity,
are soon reached and hence the enzyme often fails to synthesize a complete
complementary copy of the target. This results in production of too short
PCR products;

- the non-specific binding of primers to target is another problem with
conventional PCRs that needs to be addressed by methods that select only

the correctly bound primer-target duplex for further extension.

Prior art has tried to remedy above deficiencies by either modifying the
amplifying enzymes (purification, recombinant expression, site directed

mutagenesis (Gottlieb et al 1990 that describes a type 1 UL42 gene product
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WD 2008/ 018839 PCT/ S&007/000248 5 which is a subunit
of DNA pol ynerase that functions to increase

wee@sessssyity and WO0192501), or el aborate  PCT/SG2007/000248

pol ymeri zation protocols (Wang et at. 2000). Only two
approaches are docunented that deal with the
nodi fication of the PCR reaction nediumas such. 5
(A) The first approach is based on the principle of
wat er structuring and preferential hydration due to
conpati bl e solutes, also known as osnol ytes (US
Patents: 6,114, 150A; 6, 428,986; 6,300,073). This

whidghaisi & subonibraf S8¥Agfolgeeeasal that fumationedalinereaee giocessivity

and §RRAS2E0 1, R atbteR balinkiigear S ity ARG 200y,
OB A5 oRBRIDERS AgBEent flds oy F b PRt detne

Ias conpafi bl'e so I'on o
PCRuot¢adidnemetiiveinas esieh. has been shown to be benef| ci al
for PCR reactions with difficult target tenplates to

(A) PN @irsh 49t it Ob&sad @hefheylpﬁhdlpleTrtﬁhﬂémestr&btum@@nd
that is only found in certain | ower organisns

prefgc@ntwe hyd @}'ﬁf‘ﬁ’é@ tpgpmpaiblergolutes alseckyown @swolytes (Us
Iy
Paté’ﬁ sﬁglf‘la é‘ﬁfsﬁﬂ ffﬁ4§§ @8‘8”6‘6‘0@(5’7 ngéofa%ﬁ&onenfaﬁ%%q?fﬁgeveral

I's a'nat’ur

lowmbbcutar wélghhe:ohmnwidlsaﬂhad:ehby bendekinedvfrdm dzebongdrates
the g

of. co sol ute e et at. 2002),
(sugrise FMHIofHe SO GHR DRSS RIAINED o Seistpe formoscibine),
al DS BoRABITL AR RGOS SAIBRY The ddohlH GSfio smal

a nol ecul ar wei ght of Da 1s far frombeing a
molaauleo irehslosee has d)%nushovervtm berbemﬁgleladirﬁ@ulﬁCR teactions A0th

it} Fige BrbliaY thop St iing S cF bRy RISR Ry aRRs 2
sughPtidies BhESB0AE iPtetthipNalves ergdiigia s andiagivelyPamadissdin
a typical PCR reaction as such. But_this'is

of
Th. s@@%@f%&ﬂ ystihe ofgirarsaireyfarninc vitte iAo pelvarrrasae(Taq
pol;’?ﬁ??‘?&%ebJ 't‘ﬁ Cﬂ@%%ﬁr%l %ﬁﬁgo%nt b ﬁ"ﬁﬁAter[ﬂf%Ll"fﬁé]gaE ﬁal cell

enperature o have
andnmctWry t@ bekfrigeiot theegmubwfvdmmdtlme salujed (ﬂﬂNéss ret BNAZOOZ).

signi ficant ,seco dar strycture which coul
thay Rer ; ey SERSTES riBunUENARE r@HTRIES | RABIoO- ertical

envgrﬁhm ROREYAL | %F&?aloé@WﬁHeé mbiBESiat WigRebf shbMba s far
e utility of these

from being a macromolecule and thus, even in huge amounts cannot
substitute them. In addition, a small but significant decrease in melting
temperature of DNA or RNA hybrids in the presence of trehalose changes
basic parameters of a typical PCR reaction as such. But this is supposedly the
mechanism by which trehalose and the other like-compounds function, i.e by
reducing the melting temperature of the target DNA. They have been mostly
effective only when the target DNA or RNA has a significant secondary
structure which could be linearized by such compounds that reduce their
melting temperatures. However, this in itself limits the utility of these

compounds to only a small sector of their applications on PCR.
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conpounds to only a small sector of their applications
on PCR WD 2008/018839 PCT/ SG2007/000248 6 (B) The

W@ emsnsappr oach i s al so based on the concept PET/SG2007/000248

structuring water using engi neered nanoparticles. The
addi tion of nanoparticles (Neowater(c)) to the PCR
m x as given in WO03053647. The nanoparticles are
deri ved from metallic mt&ials such as BaTi CB,
Ba2F9012, WO3 in a top-down approach by 5 breaking
down 10 pmparticles ending up in particles of a size
di stribution of 5- 50 nmwhich retain their

(B) dhgsseddndnapprorabtisiradso Pased ol theatonsepsfof structuring water

nanoparti cl es de rib 03053647 i Ia' d to
usirePRIBRC B RRidr e Sudfipr 33 Pitben ks WEatro) to
the PICRagRt A Givain BNVEDO3CE364t The"RAR6paESles! drel derived from

difficult to conceive how water nolecul es should be

metalblpénﬂ@”ﬁisaﬁiltpfba%ﬁ&]—@yrE’@ng@azt Ve i adep-deer: appioesh by
gh tenperatures (close to boiling point of water)
bre%% dope 19 i Partides eadings Ui RArties el acie istribution of

2 d
s~ SBAIR Wi, RABhSIR(P Bl X0 3080 ik oo
nanppartices desacrﬁmwhwe‘é\(O@&@ﬁﬂGylﬁes) claimed tedvarknan éwaibasis of

s A RTSTTERSR A S S Lt hem b ol L rcur

to cBhééfv@rHBv@fwéiéf nid?é(@ﬂéé QRoulBase adld halﬂi‘éﬁrﬁﬁtﬂtﬁfctured state
crowders work by structuring water (kosnotr
totvg 9ter) with its

undghiAGR-typiealnfigh damipecaiueas ( smmalfogl ifg st |
tvp*?%f%s%%s%j%sﬁiwﬁﬁgqﬁﬁlsﬁv@gﬁ%v%iﬁ { his basic oot are

fi ndreds of .
Chéhctpieypastactyr 2004 Gripted Be 'Sasic Fracha RS By Waich, theglow
mOIEBGI"aP Wé@ﬁ@oﬁﬁeﬁ"(bén&?ﬁtllﬂé kealby: eosirﬁol?ié"s‘_}_%ﬁééf@éi 3 Fhoﬁ’ecular

few ml|1grans he sol ven his keeps t
crowdiagt pban@lmdom whishuditieen éenm i thet prineiplsf of \ma@omqlgcular

croRlp B i ¢ Hs¥hfof MERHL B P InER, HRiERY, mpleqyier
croWdéts WOy )strastu'rmghhgbr gxestiodd) Owhilstte avbcroffolecular
"nol ecul ar brakes" and reduce the rate of _enzymatic

crowdaest fuiedion ipniepcligiia yobme skslﬁe@s nep- %ecn‘@o@t@ylc repulsive
oS, THEpHEA RS A BT B BRARSOL Mg 4 s o
use70htundredby nafr asdligrams  of cosolutes per milliliter of solvent,
macromolecules will be effective in micrograms to a few milligrams per ml of
the solvent. This keeps the reaction conditions unchanged in terms of
viscosity, pH and electrolyte concentrations which are key determinants of any
biological enzymatic reaction. In fact, osmolytes in high concentrations can act
as “molecular brakes” and reduce the rate of enzymatic reactions significantly
(Spiess et al. 2004). Earlier work before the PCR era has shown that the
addition of the macromolecules Ficoll 70 and Dextran T 70 to polymerase
reactions from E.coli derived enzymes at 37°C improved DNA enzyme binding
and resulted in a longer survival of polymerase activity (Zimmermann &
Harrison 1987). However, Ficoll 70 used alone was not resistant to the usual

PCR temperatures. Further, Wenner and Bloomfield, 1999, have studied the
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reactions fromE.coli derived enzynes at 37C i nproved
DNA enzynme binding and resulted in a | onger survival
w@boopolsgaer ase activity (Zi nmernmann & Harri soPCT/S82)7/000248
However, Ficoll 70 used al one was, not resistant to
the usual 30 PCR tenperatures. Further, \Wnner and
Bl oonfield, 1999, have st uc},i ed the WO 2008/ 018839
PCT/ S&007/ 000248 7 possible crowdi ng ef fect of
Ficoll 70 of EcoRV cl eavage. However, the results
i ndicated that Ficoll had little effect on EcoRV
reaction velocity. 2) Reverse transcriptase reaction

possihlescriowding ptast of Risell ABsf RaolRy gleayagp hipwgyer, the results
o e g

2) Revefsf Qe fhigse AR08 on'of cel s from needie.
iy S PR 85 o R S Skl 3 Peer o

credte IR R HdHh oxtrRbRRbiotARARNA ar'tfe axghéttdd FieldlBEthis material
faithful and specific reverse transcription process

is usuklly very dimited; dn epartieulaidueniyie small yaodlegtioniof gells from

necB fiobb £5)of tRBe BT dhssistt hirng fein HERGH8IER sections
or foreristel SonpIBSRSaMR, Yiingeiprintel risnsd, seamai ate availablei The

_prior art is to create, high quality reverse
faithflhard sP@RiEC sevarse AlansapyOThPasas &l BAt PHIYdHIEtEFAMEHNt

and BUF] b TIIERy ERASHTLL rBSH RepREsabidrared (i)
Basjdzdiypl the esamiet shoricymings it listetiefaad?E&R apfphlauifbosatuoant

T AIE fh A BE ed rom
mR§m éﬂé‘bé&oﬁorﬁl\?{ﬁh@éﬁm &f nolef afld FhodifiE@ el etss ARAsEMRases i)

_OWI’lSt ream SOﬂE recent reports of . .
modifipatians: pr athecamplificatirnupiosgdwEssas seisholtergplate switching).

applicat | f_pri.nci J t . .
wit 36 pERHACT AteBREP RS ZRER, of BB B8 wrliveet epanging
this§ stepf bff SONA2Bysthesigdalc MdAnsorat tresias fandbidinind¥A ré@sonable
~assuned prinme inportance. However as yet, there are no
yieldepbrsesopt sirapdbPhey dgypsseaam: YVillhnsgiae recent reports of

. S e d i .
iy THAAIEOH S0 0, MBS [SrBitys pIEait o fufbifes o
improve the environmental conditions of both reverse transcription for first

strand cDNA synthesis and ds-cDNA has assumed prime importance.

However as yet, there are no reports of a combined approach to enhance

simultaneously both the first and second strand cDNA syntheses.

Summary of the invention

The present invention addresses the problems above, and in particular to
provide improved method(s) for molecular biology applications under optimum
crowding conditions.
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25 The present invention addresses the probl ens above,
and in particular to provide inproved nethod(s) for
wOorRi08o88a? bi ol ogy applications under opti num PCY/SGI0ON000248

condi ti ons. WD 2008/018839 PCT/ SG2007/000248 8

Accordingly, the present invention relates to a nethod

of nucleic acid synthesis _and/or anplification,

and/ or a nethod of inprovi ﬁg the efficiency, activity

and/or stability of at |east one nucleic

aci d-nmodi fyi ng enzyne, the method conprising carrying

out the method in the presence of at |east one _
Accordigly ctheayeser® inyemtisphialatesiacr methastol Bugeicracid synthesis

f X icul - i See: ' .
anc A MR iy G M oerdS e gy ey v
stabilitgl/ofrat déasti orer autieR ddie-reddifyine eayymecthie retheddbmprising
stabi li t%ﬁof at | east one nuclelc acid- nodifyi

ylng .

carrgingy deit  tee MRIEAY dine 4R r PESeiCe aPh yAtnigastit om%eorﬂgflw&aased

j qhe e ( O NG r d ;
Py IR ot ERORESIC of R ARRE PG OFLEBTRRR, there i
provified Gk Dacthod 560 k Dalean dcide sy nthiesisuahdioe arhplifipationr apdjor of
. at | east ne organi ¢-based hydcophilic _macronol ecul e .
Mo fRH %, TR ALY GICIoR STADUh B i deARLPPE| NUdelo acid-
mo@wﬁ@%ﬁ%?%e m&hWQmiﬁﬁgllﬁrﬁ/)ngmrmen%étﬁoa hig the

I nvention may have a radi us range of 15 to 50nm in
pregancei efuladat least aieuganindmsed ydrep!siin mactemolecule having a

ol P TRISHE 1 SR OSPRAEleihd Bl AUERCH AR (P Afreas
onel BRyPiGBASSE m@ambmmmmmdoaleﬂhgomgi Agadiust fhge of 2 to
invention is a carbohydrate-based hydrophilic

S0npmand meutralswiacen@han@ebohydr at e- based  macr onol ecul e
of the invention may be a pol yner of glucose and/or
sucrose. In 20 particular, the macronol ecul e accordi ng

Thet machemolecale(s)Ecooeging ¢o dhe irendon ineay haves el redivsdrangenof 2
Ficoll 70, . Ficoll 400, neutr dextran 410 KDa,

to r &1 PRERYIaln % FRAiUpBNgR & 5 % DB N SacRioleq el

acoB R R o R e Mo 98 elEh oP Spl R D00 a. In

particulat, thecowgabicekaget maniomaieciie @ccatding dopthesinvention ds a

caré&%ﬁ%ﬁﬁége%ﬁgdﬁghég?;r%%g%/g?n%legl:qg. p%gi Cc%«r%hydra‘ce-based
macromolecule of the invention may be a polymer of glucose and/or sucrose. In
particular, the macromolecule according to the invention may be a
macromolecule selected from Ficoll 70, Ficoll 400, neutral dextran of 410 KDa,
neutral dextran 670, PVP or a mixture thereof. More in particular, the
carbohydrate-based macromolecule may be Ficoll 70 or Ficoll 400, or a mixture
thereof. The total macromolecular concentration may be present at a
concentration of 2.5-25mg/ml, in particular 10-20mg/mi. More in particular, the
macromolecule may be Ficoll 70 present at a concentration of 2.5-25mg/ml
and/or Ficoll 400 at a concentration of 2.5-25mg/ml, or a mixture thereof. The
macromolecule according to the invention may have viscosity of less than

2mPa-s. For example, a viscosity in the vicinity or about 1mPa-s.



10

15

20

25

30

macronol ecul e may be Ficoll 70 present at a

concentration of 2.5-25ng/mM and/or Ficoll 400 at a
w@osemssat i on of 2.5-25ng/ m, or a mxture theCESE2007/000248

The rmacronol ecul e according to the invention may have

viscosity of less than 2nPas. For exanple, a

viscosity in the vicinity or about 1nPas. 30 WO

2008/ 018839 PCT/ SG2007/ 000298 9 The nucleic _

aci d-nodi fyi ng enzynme used in the nethod according to

any aspect of the invention may be is at |east one

pol ynerase and/or nucl ease. Further, the nethod

The.ouoleiti axgdmgdlasrpgaenzy)ﬁembedlln\tmtnelhodir?)écﬁm”ﬁg" tdli@n BSpect
romtota

of tﬁé the‘{ﬁjlgﬁdﬁg q%g? tg%%%@glgﬁ%rgsgfary(oq @gg@a%guﬂher the
mefid/ BBEGHERg dRE a@?bbﬁ”@f BREIMRNLiOS rﬁéy c%ﬂ?ﬁrls‘énﬁlg synthesis of

reverse transcriptase particul ar’ the
corarlenetitarny W&n@%bdfomftdtale RNAy enRiN#n ami/obd)NAyln the

oroBEBta 8! e08 KPR Bo el g, ofte ERmERIDhBarEE a ast one
revee transatiptassild sarmithiasitfe ansthed MBkdihg Océtérﬁna;%léyt Qf the
for inproving the efficiency, activity and

inveRtign may, be aav arpplificadion ueweiis te avt, rfodla‘xsamj%e P(;R
Hrer kit conprising at |east one organic-base
pa'ﬁ%%gﬁn l'ic macronol ecul e of neutral surface charge,
and optionally an enzynme. In particular, the enzyne

ThéfBls RlserrevERion Ghin ik Sefnasess I e o Ot
for ﬂHFkﬁ/‘lrfg e folﬁ[é‘#\'cpy b&%lty%gpsﬂaﬁlllﬂgbf Et LEats?gnE(huclelc acid-

merase or nuclease. In particu

' moqirfymgcemymeq ¢het lgit tdmmprrw@tat daastagndae)rgaklctbefsed hydrophilic

/ atl and/ or
maihSREuBL bh Al e B Taed e ose Nl (SPtaRalG an ensyme.  In
parﬁt@lbr |thb)er£2§/nﬁ T a@'lh%s'ﬂ%b%&lelé%&dmlfymfgnzyme for

enzyme, the kit conprising (a) at |east one

exaé"r‘@ﬁn BcPRlERRIase Ay JIWIeRsE. c Heweverplthe utecleit acid-modifying

grsu{‘&rl'rﬁfébcgmaﬁl&eas éegﬂgﬂgg'ggnﬁﬂbg%'ﬁ}d{”ﬁbér“sEﬁ'ﬁ%qcefd'“g

to thecinventierc uwhay dfe arlitliforsnuclageadti $ritheSiOneEmase amplification
ral surface and optionally at |east one

and)Gtfos rapEabinet i S gIeNGy cAPRYIHE Anied Steldorafias deas cpeauicleic
amdi-'i*nédlﬁnﬂ@ telﬁEIn'Fehethe kit comprising (a) at least one organic-based

hydrophilic macromolecule of molecular weight 50kDa to 500kDa and neutral
surface charge, or (b) at least one organic-based hydrophilic macromolecule of
radius range of 2 to 50nm and neutral surface charge; and optionally at least
one nucleic acid-modifying enzyme. The macromolecule used in the kit of the

invention is as defined throughout the whole content of the present application.

There is also provided at least one macromolecule mixture comprising at least
two organic-based hydrophilic macromolecules, wherein each macromolecule,
independently, is an organic-based hydrophilic macromolecule of neutral
surface charge. More in particular, there is provided a macromolecule mixture

cofnprising at least two organic-based hydrophilic macromolecules, wherein
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invention is as defined throughout the whol e content

of the present application. 25 There is also provided
W@eooBesss9 one nmacronol ecul e m xture conpri si NQPEL/SGCEAYD00248

two organi c- based hydrophilic nmacronol ecul es, wherein

each macronol ecul e, independently, is an

or gani c- based hydrophilic macronol ecul e of neutra

surface charge. Mure in parplcular there is provided

a macronol ecul e m xture 30 conprising at |east two

or gani c- based hydrophilic macronol ecul es, wherein WO

2008/ 018839 PCT/ SG2007/ 000248 10 each macronol ecul e,
eadmoepeodeleclle, indepenalkntly, iseéptatdeastnens armgrenoletule having

molgit e Bt EBEDR papiktia it Reyiactinae Aaesnaneln ©) a
Iea@@%h@gn@cfcﬂﬁblé‘éufeaﬂgﬁmefa2rato‘ihs'59§ Qgeg%t 5Ghm and neutral

surface charge. 5 Theré 1s al so p

surfagerah@sgecul e sol ution for use in nucleic acid
synt hesi s, and/or anplification and/or for inproving
the effi ci ency, activity and/or stability of an

Therazigealsd herovidled!t BOMaApoMbictulg sHlutic®egér ARe in nucleic acid
macronol ecul e or a m xture of macronol ecul es as

syndegsineand/ay @ﬂ@ﬂ%@ﬁtlon@dmoﬁ% BV ther effipiency,gactivity and/or

staBﬁS/S&”én @H%h%amé)goluﬁ&? ﬁ'lgﬁ?t IEEQ bﬁlée ﬂwa%rgﬁbré%glle ora
a' macr ono US€

mlxrhlumal ef cnwomcﬂgmulwsass deﬁmeu dhrcmghlouf Ithatwmleaﬁ@Hteht of the
| ng the efficiency, activity and/or

for in@r
pPreseaan I3R-"at | east one nucleic acid-nodifying

enzyne, 15 conprising preparing a solution conprising
at | east one macronolecule or a mxture of
Thergds @ian prvidsd as"nelfé\bdr:écprepamq; laduacndmeolatme esodnuimmeabr use

: resen lic articu

i Hyeleiro @i EPtREE) Blfn AP fadn, SHRL et frajoving the

effitiensy t &ty amdas, stabilie df@tn@ééﬂdﬁél icleid a‘éicﬁﬁ*b‘é!'leMgcénzyme
about 1 nPas. 20 Accordi ng to anot her aspect

COMpRIRY i RIAPAIIRG %Jﬁ@W'Q@sCCénmlﬂﬁoﬁtdﬁaﬁh@nﬁlmaCl‘eanleCUIG or a
mixi@ef IRse ﬂ{ﬁ?é#tggggascﬁéﬁﬁé@gt htolﬂlﬁ bt t\pﬁ@gsgor&t%gt of the

presence 0 SRed
preseghappldsoad lhy@brﬁuhiahlthemcmmbl%@ul@spéolution may have a

viscosity of less than 2 mPa-s, more in particular, a viscosity of about 1 mPa-s.

According to another aspect, the invention also provides a method of nucleic
acid digestion comprising carrying out the method in the presence of at least
one nuclease and at least one organic-based hydrophilic macromolecule of
neutral surface charge. In particular, there is provided a method of nucleic acid
digestion comprising carrying out the method in presence of at least one
nuclease and (a) at least one organic-based hydrophilic macromolecule having
a molecular weight of 50kDa to 500kDa and neutral surface charge, or (b) at
least one organic-based hydrophilic macromolecule having a radius range of 2
to 50nm. The method may be carried out (a) at standard time and temperature
conditions, or (b) at extended time and lower temperature conditions compared
to the time and temperature in (a).
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neutral surface charge. In particular, there is
provi ded a nmethod of nucleic acid digestion
W@ 09p01ssBNng carrying out the nmethod in presenceCDSGZN7/000248
| east one 25 nucl ease and (a) at |east one
or gani c- based hydrophilic macronol ecul e having a
nmol ecul ar wei ght of 50kDa to 500kDa and neutra
surface charge, or (b) at IMeast one or gani c- based
hydr ophi i ¢ macronol ecul e having a radius range of 2
to 50nm The nethod may be carried out (a) at standard
time and tenperature conditions, or (b) at extended
Acadrdingated ahother aspeptrthere és quadtied an snethop asfedeteBMiring the

PR BRI SSDRGONS i BRIy ar g DR g, andior
ambl’fﬁ!’aﬁohsarﬁH/@Wf&eﬁn@'oVﬁbh% %f‘fld?&ﬁcgr 'Qcﬂinﬂg ahBfor, &@BIIIWJ%\‘ at

crowdi ng conditions in"a nethod f nucl’eic acid
leasly pie duickeic asig-modifyingl endyrae,i the methast comprisimgr pmwcgng at

cab e AR hibble, SO B Bbd R i o Bt
one ongenisibaged’ Iourdphifc ahadrohfsistulenst mMfscm gl 50kDa to
ndi date, wherein the macronolecule is (a) at 1east

50 AR QUL s SUTTRGRIr Sioei OB oatolleasil enef organic-based
ma%n?&é&@é %?%?ﬂ%téﬁéggF ron%é@%%rﬁ‘ﬁ%naer%&%l sﬁ%&?%ﬁarge

char ge, or gani c
andrade’mtmlmngl dhef madbnmlmulaadcuscerralwlenZ ér0 FRerorad@cular
surf

coriEBlBfn SIARGR: TelonberHtAloHo b et bceliost wigh minimal

vnsé&ﬁ?%‘ﬂxbhgéé%ﬂtﬁé‘ﬂﬁﬁrcfrﬁ’élebﬂl‘é iRRGIIRNK, Vol ume excl usi on
fect with mnimal viscosity changes of the

macronol ecul e in solution. The nmethod determ ni ng of
ecu

The BB Sl B s Blnpuulin SGtraTRY Sl mectrzelgoular
congeniratibiaiangs ®fr ogtmivideAYdIAGT Bay sk Wasel bRCesimation of
| east one macronol ecul e, According to another aspect,

hydredynamis rapiygi ofdle at leashere sragraweledua.ng a suitabl e

macr onol ecul e and/ or macronol ecul ar conditions for

nucl eic acid synthesis and/or anplification and/or
Acdardingripramaiting dspeckfthera iemeryvidedtai métfwdaﬁdd@mtlf%/mg a suitable

magieRecUbLEndRt HBRCtBIFR dRn GOBRBAE WG oS cadl Srdhesis
andggifé@ lcgé;cslﬂnearfcﬁ&dfo‘? FhBrovHIPtHe! SriliBRcyTRIHITP LRGHSr RtdBility of
at least one nucleic acid modifying enzyme, the method comprising providing at
least one macromolecule candidate, wherein the macromolecule is (a) at least
one organic-based hydrophilic macromolecule of molecular weight 50kDa to
500kDa and neutral surface charge, or (b) at least one carbohydrate-based
hydrophilic macromolecule of radius 2 to 50nm, and determining the molecular
weight and/or concentration of the macromolecule or mixture of
macromolecules with improved of nucleic acid synthesis, and/ or amplification
and/or of efficiency, activity and/or stability of at least one nucleic acid-odifying
enzyme compared to a control macromolecule or mixture of macromolecules 6f

predetermined molecular weight, radius and/or concentration.
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one organi c-based hydrophilic macronol ecul e of
nmol ecul ar wei ght 50kDa to 500kDa and neutral surface
webasges3or (b) at | east one car bohydr at e- baseRCT/SG2007/000248
hydr ophi li ¢ macronol ecul e of radius 2 to 50nm and
determ ning the nol ecul ar 25 wei ght and/ or
concentration of the macronpl ecule or m xture of
macronol ecul es with inprov%% of nucleic acid
synthesis, and/ or anplification and/or of
efficiency, activity and/or stability of at l'east one
nucl ei ¢ acid-odifying enzyne conpared to a contro
Briefeles onipilotcafltpe figures<t ur e of macronol ecul es of

predet erm ned nol ecul ar wei ght, radius and/or

~concentration. 30 WO 2008/018839 PCT/ SG2007/000248 12
Figwei &1 llustetioptalhowt efipiency gireases dape cycles post-C under

croed Condtingerd) le?camw > féo%#&.”qc foiBe EcrdsEhsRIT B o
a routine (uncro

mea?% Figure 2._ Sche
Figteody eehematioiiensharhto §'EF|?:Wf /EPe C%iforb?fom“ﬁ?gﬁg ip enhance
revERAAREReriBdPYRIRNA IGBRRA PLTon of MRNA Lo CDNA

Irgure 3.

ematl c ow chart to show the application

ol 1.0 So AR B 5 B R i Bonance

pcronditions (red or dark dot curve - dextran) due to
neutral Dextran 410KDa 10 (125pg/m ) is 30.4 | ower

anh#@a meﬁrcén'aﬁ Hi&eQWRdaPonglbii peklirestPOR) uhbet dréwded
Figure 5. Anplification curves for aP2 gene from

conohia:tnét {red eCrakndetr cuwemeiﬁxtr@@muel theetial D@xtraemOKDa

(12%01’84"5'??§ %5 AﬁﬁogY Jgﬁ%ﬁg éBr%r | on con ro&i'@h& 6nth@aﬂ}at s

31.82.9. 15 Figure 6A. Anplification curves for GAPDH
gene fromreal -time PCR under crowded conditions due

Fighis 5i Aﬁ‘ldhﬂz&ﬂdﬁcmﬁ@@s fbﬂEPQ\g%@\eWﬁlrthIIME YRGS crowded
macr onol ecul ar cr owdi The conbi nati on of Fc70 and

cortitio® due %o FipollA0Q lyDg) FCQQO,53 Smade)sis GP-gyvhichp iplower than
Cr ST TS UL A S Fedt@dh Mkt is about 32.9.

Figure 6A. Amplification curves for GAPDH gene from real-time PCR under
crowded conditions due to Ficoll 70+Fc 400. Improved sensitivity by mixed
macromolecular crowding. The combination of Fc70 and Fc400 at a ratio ~

(7.5): (2.5) lowers C. by ~ 2.0 cycles compared to the control.

Figure 6B. Improved sensitivity by mixed macromolecular crowding compared
to crowding by single macromolecule. Improved sensitivity by mixed
macromolecular crowding. The improvement in sensitivity due to the
combination of graded increments of Fc70 and Fc400(1,2, 3) is higher than
the sensitivity due to Fc400 alone(4). 1: Fc70 (7.5mg/ml) + Fc400(2.5mg/ml);
2: Fc70 (5mg/ml) + Fc400(2.5mg/ml); 3: Fc70 (2.5mg/ml) + Fc400(2.5mg/ml);
4: Fc400(2.5mg/ml); NTC: No template control

Figure 7. Dissociation curves from real-time PCR using primers against -aP2

under crowded conditions due to Dextran. Dissociation curves from real-time
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Figure 6B. |Inproved sensitivity by m xed _
macronol ecul ar crowdi ng conpared 20 to crowding by

wa ovgloessancr onol ecul e. I nproved sensitivity byPei/%ezh07/000248
macr onol ecul ar crowdi ng. The inprovenent in
sensitivity due to the conbination of graded
i ncrements of Fc70 and Fc400(1,2, 3) is higher than
the sensitivity due to Fc40® al one(4). 1: Fc70
(7.5mg/ M) + Fc400(2.5ng/ M ); 2: Fc70 (5mg/m) +
Fc400(2.5ng/ m); 3: Fc70 (2.5nmg/ m) + Fc400(2.5my/ n);
25 4: Fc400(2.5nmg/ mM); NTC. No tenplate control Figure

PCR uBingsprirhatd agaifst #P2 dridemdré@bed iddditeRs Wric's Dextran 410
priners agai nst aP2 under crowded conditions due t

kDpye X292 @t0/mb s adi sinddeir Reak.f radea rbigher i ﬂfrenV\Dontrol Prlmer

coRBHBUREFET RIS OREIP oM 7 S5-RIATTig mtn

terad@ratueBefol 25 (¥ BF)5°HoNote thergloabkepdak 8rsPCRI Bhéficrowded
th n control. Prinmer concentrations used 100nM
co ’ﬂﬁy @i#ficity confirmed by observing the nelting
mperature for aP2 (- 87.5C). Note the doubl e-peak
F'%@ Epdpisppciatien swines front serirtimerPCRi ysing rgimers against aP2

on B B0 L OSHENE M0 | ISPl tmo

PCR ssiogipainens againstsa Y mméraabwded&onaﬁiﬁn%iu@%mm:mgo kDa
ai nst ,aP2 undr cr Eﬁ%co dltlons due to Ficoll 400
(2859

/m zshg%?rﬁu’ r@g erp , Citeq). irigpee coperpirations
usé‘dJrEGOﬂM @{)é&ﬁélty‘:@Bﬁﬁﬂ?ﬁécﬁ%goaﬁséglnﬁsﬁ% W éemperature for

Specificity confirned serving-t
aPEém&? rRtQ)r KIOtQ)the @mble-peak e3P CRNat inaroved e ebhéitipeak
for PCR in uncrowded condition. Figure 9A. Schematic
Flgulrda @ﬁ r&lhemratmf |lldeimhwn of deterimining fthe ieffiian®f oba PR adt the
?'(' one F%l; phase of a PCR Figure 10.
lat%gfecep%nqaé)n 8?69 Ra under the curve for PCR with

0SB 8 3878 HA3EH RD 0015 PLBenran

41@ka9(12599An¢I91bWesCmv@|Qé©f 1316 oNNARS NI rhPaYee- to fthd %ﬁtrol
11. Calculation of the area un the curve for PCR

85 st hurkitss tdlcy@aiork Bane(Wirg O89S goﬁwara val ue of 2576
Fig%lge' l’iql b%lc%?atfoonngp {heedarte% Ltlnhdeer tﬁgtcru?\lle for PCR with Ficoll 400 kDa
(2.5mg/ml) gives a value of 2576 sq.units as compared to the control 2087
sg.units. *calculation done using NCSSTMsoftware.

Figure 12. Calculation of the area under the curve for PCR with Polyvinyl
Pyrrolidone (PVP) 360 kDa (125ug/ml) gives a value of 8478 sq.units as

compared to the control 7022 sq.units.*calculation done using NCSSTMsoftware.

Figures 13A and B. Ampilification and dissociation curves from real-time PCR of
GAPDH, at routine and reduced concentration of Taq enzyme, in crowded
conditions.

Figures 14A and B. Dissociation curves from real-time PCR after reverse

transcription of mMRNA under crowded conditions.

Figure 15. Macromolecules enhance the sensitivity of RT and PCR assays. (a)
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sg. units. *cal cul ati on done usi ng NCSSTMsof tware. 20

Figure 12. Calculation of the area under the curve for
wegRsmasso Pol yvi nyl  Pyrrolidone (PVP) 360 kDaPCT/SG2007/000248

(125pg/ M) gives a value of 8478 sqg.units as conpared

to the control 7022 sqg.units. *cal cul ati on done using

NCSSTMsoftware. Figures 13A and B. Anplification and

di ssoci ation curves fromr él-tine PCR of GAPDH, at

routi ne and reduced concentration of Tag enzynme, in

crowmded 25 conditions. Figures 14A and B

Di ssociation curves fromreal -time PCR after reverse
The pyeragei hvadwesfor srIpIeh aeplifed witdthedaAPDHRER frogura®NA

Proplied, 3 8 VB BB BRSSP RER oA (B30 imarm
andT Fec490e r(aﬁ;e nig/mial Ties ahmurﬁ:gf):tﬁfatl ﬁFgNNr féﬂssgﬁcﬁgr;?d IRT was
500,306n38 B9 (Ab ATTBIisEHEN Flpl: ((ETEpaRGThiand disgor@iion curves
(righ®- spscm@% BLZ]t Tbér%"Qékht‘jt;Ie%%)o%ﬁar%glsﬁpgﬁétrétpﬁ; RLpecific
26"papenplioed. d«oasabeAavamgeumegamesr froh sEmples alﬁpiiflmi with
thegcgﬁasarqp L,Sﬁsq't ?C@gl? rt%%gp%glgpg%zo%%‘&g gar &egark colour)

ancﬁaﬁﬁééﬁc@@hhﬁ\N@&)(‘Uréﬁbe iohaighl taegn df &%Wd%r?c?rdnﬁ] cDNA

resence (+ crowder) (green or dark col our)
pfeﬁB?égcén(-th@rom@@ﬁ)’l(‘@raﬁlfgb (ﬂbslelngﬁt efol the ) seime crowders

oGRS SR Ao DR ol EhSaREGAF 79 R oo

for OtlesvddR B wierse 1860 arid (58) nngQ@) @lmpm“&:aﬂrﬁn tm@t@ léﬁt\b‘baﬂ%dand
for the RT was, 1000 and 50 ng Ilflcatlon pl ot's

d'S%CPCé@inFb&Hs{%S iht rangdh ef éﬁ’?orf’éar v%%mpkengm(f)pa‘r\@arpsgf gel
de:ﬁ@ﬁstﬁ%ﬁgsagg %%cgkf)Zﬁga'bB ?&?Lcoﬁje% SEﬁ%gN%sashow one

specl mpl Tcon ) gra
repliegiei et IéCBesarﬁﬁI‘é fangisay mﬂamiysWha)agEirase oels Weee 2% and

theZEIa A" EiR BT i agad: U 055 DS i ITRTHNA, badder.
TheCOOé rc@htrhﬁﬁﬁaé fiee PER {ctnmbRipeb coftrepNt rol . Figure 16.
Specific PCR anplicon yield and Taq. DNA pol ynerase

Flgure 16. Specific PCR amplicon yield and Taq. DNA polymerase
thermal stability are enhanced with macromolecules. (a) A range of Tag. DNA
polymeraée concentrations (1-0.25 U) were used to amplify the aP2 product in
the absence (-) and presence (+) of Fc400 (2.5 mg/ml). (b) Amplification plots
(left panel) and dissociation curves (right panel) for the PCR samples
performed with 1 and 0.25 U of enzyme are only shown, for display clarity. (c)
Taqg. DNA polymerase was thermally stressed in the absence (None) and
presence of 2.5 mg/ml Fc400, 100 mg/ml trehaiose (Trh), or 113 mg/ml
proiine (Pro) and then the samples were subjected to a GAPDH PCR. Two
replicates per treatment are shown on a 2% agarose gel demonstrating the
presence of discrete bands of the correct size, 261 bp. (d) Amplification plots
(left panel) and dissociation curves (right panel) are shown for one replicate per
treatment for display clarity. The molecular weight standard (MW STD) was the
100bp DNA Ladder. The -ve Cnt (control) was the PCR template-free control.
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thermal stability are enhanced wi th macronol ecul es.
(a) A range of Tag. DNA polynmerase concentrations
W@ 1008/028839J)) were used to anplify the aP2 produrCT/8G2080000248
the absence (-) and presence (+) of Fc400 (2.5 ng/nm).
(b) Anplification plots (left panel) and dissociation
curves (right panel) for the PCR sanples perforned
with 1 and 0.25 U of enzy Sar e only shown, for
di splay clarity. (c) Tag. DNA pol ynerase was
thermally stressed in the absence (None) and presence
of 2.5 ng/m Fc400, 100 ng/m trehalose (Trh), or 113
Figumy 7. Zﬂaprommmaeulepr ojovating t ikehan¢es sempines pedaessivity. (a)

bj | t .
The B Rocsavinammabira ads QYA ShumeEs RS meriommengn the
absbh@e é?foeﬁl@ééﬁc@fof HcaoDeDRnBasfStR akdl S|§fortﬁéttot%'l &fnhount of
d ification plots (left panel)

ssDMm@dmts dbﬁcmwgaodutbwr relative migragioshaight fp@nebrtbrough a

denra‘?ﬁ? Mccﬁ ﬁtGQ/o rc?ée g@ arréé (Wﬁ%&%ﬁﬁgﬁﬁ E%Be:ll%gﬁ) I[g'uega’uve

conftgp K@)dobernonTh@naMﬂn@ltagénﬁet gl ) ofwdise tibag RTR3 PCR products
enpl ate-free control. WO 2008/ 018839

t

ampiiidsd ot GoesRnEe o mbge Fard anse Feddleéll aand 5 mg/mi,
res ) T LSRR NS AR S (nt Bhed Eeaitid the
extprsibortime was 40s. Tbbsaec@n’am@sphhestenqﬁatef—fré*@m@@atlve control.

De Si. f
The BgRe POGates 1H SREHIS AT BRI 3 Toh0 b oy Sgpdard RT
reaﬁfd)rg hWaQaﬁﬁéfbrthH oyghnd denat lHrﬂd”Sre@eﬁc/é M{HIDEFEIRI0 with

he -ve Cnt was the enzyne-free negative
500: o0t @foﬂotal (RINAA (do Reseliametric gnalysis oxfetotgl| profi ucﬂsebefomg (total

J3RGT ALSHEH R B ol oI BRGE) BT g

midrtdris alphepeadel) Mougs eOHeﬁé’Mrlhﬁ 0/8% mds@@etsagaet-vé”n@ the

the extension tinme was 40s e -ve Cnt was t i
enzygig | Regativee sORERat M eg@phsr gnd migratienaprafiles rueteatdssived

froﬁwhﬁwesn%%g)b&g\éé %gg\?%ewgglsﬁﬂwge&%@cu% wai r@ﬁméﬂ M. sTD)

Feacti o absence a pr esence of
wag-ctiie/ FcKbODINA badd€10 Ged imbgeo(lak) at/conipgsites of the respective

Densi tonetric analysis of total pr.oducts before ot al
GelRATEIIR, AP o oecioney  ARBSU OO o odeh o aiqaaied:  dh-dgt,
und?l ghby and their relative mgrations (ri ght panel)

rough a denaturing 0.6% agarose gels (e). "-ve" is
Flgurﬁa 18. Macromolecules increased primer specificity. Agarose gel (2%)

of RT-PCR samples amplified with the collagen | set 2 PCR in the
absence or presence of the macromolecule mixture Fc70/Fc400 (15 and 5
mg/ml, respectively) with increasing concentrations (conc.) of primers. The
specific target was the band indicated at 228 bp. The cDNA was
prepared from 250 ng total RNA. The -ve Cnt (control) was the PCR
template-free control. The molecular weight marker (MW STD) was the
50 bp DNA Ladder.

Figures 19 and 20: PCR with crowders show a ~2 CT decrease compared to
uncrowded and hence greater sensitivity. PCR with PEG at all 3 tested

concentrations show a decrease in sensitivity relative to controls; Dissociation
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15 enzyne negative control. Al graphs and m gration

profiles were derived fromthe respective agarose
w@edos/0188Be nol ecul ar wei ght marker (MN STD) WeST/8G®01/000248

Kb DNA Ladder. Gel images (b,c) are conposites of the

respective gels omtting i rreI evant sections.

Abbrevi ations: dgt, di gest un-dgt, undigested. 20

Fi gure 18. Macronol ecul es creased pri mer

specificity. Agarose gel (2% of RT-PCR sanpl es

anplified wth the collagen | set 2 PCRin the

absence or presence of the macronol ecule m xture
profies st @onfelb peall of 9®Pg,0*rtyp|¢aés<pfeomr GARDHwseduence. UC =

uneREEAING, #3700 o 06 T Re tempé%re'ﬁ%éb 336 The

|
FIgERS 10 BB e AU e PR Terfpf 46019 SethedRi Foprodvas: 2%
Agé’FBL‘é’@lé| ésnfiMisahk |H@1’itﬁ?bf (H\Mb ﬁje\;o‘ﬂ%%t 5510 bp DNA

Ladder. Figures 19 and crovvders show a -2

d ncro d and he great er
FigEsors (o1 Dl TTCRIBR o ‘HE@%HIQ aiRS ftBNinea! Sae kM Tsing Ficol
400z08C eahE ot ARGigEBRIM-AndBREBAS ontblS ARkt bVist ¥ Belifddfded
to controls; Dissociation WD 2008/ 018839 '

contioly; $ame 87 2000B4ECORb lanes B&850hunit £coR t Laresk4-at caoded

oy SitEhE Aol P AEPSRREC S b T DR M 1

uncﬂgee(téd uBkrovidesd f:bguoes_acr@nzl Br&@‘%r{&owaea%rﬂifolé Nene 2: 2
CR products; 2% %ar ose geI confirms the identity of

unl'flsh‘;ECPBlh U d&9at 026 UnfipECERK| baness 48: (qiowdgd hedifferent
con%feﬁﬁ?fo %8&3@!499 Qtrbé%ltﬁﬁtf:*c\ﬂﬂly of Eco R using

Fico ahe T: I géest ed- uncrowded control;
Lane 2, 3 & 8: uncrowded controls; lane 2: 2 units
FigeesR23 (d, elsffesisaf dordimgi usirg NlélutraL@egtraA-(ND) &70wttane 1:

oAb R0 GERGFRL Thdt 5.2 ik e LR s 2
& d:anends Ei:cRI%ndJWée/\GeQ @WQrmlﬁEcbWeLgne§4l'ﬁ) %t&\l\@%d by
EcoRl, lanes 3&9: 0.2 unit EcoR . Lanes 4-8:

diffgyeng coneanitations & Nenttiah Dextran dNDFIETS), bt acmunmEc@Rn (b) Lane
1: M{HléeQEd-%ﬁg%wded control; Lanes 2 & 3: uncrowded controls; lane 2; 2

units EcoRI; lane 3: 0.2 unit EcoRl. Lanes 4-8: crowded by different
concentrations of Neutral Dextran (ND) 670, at 0.2 unit of EcoRI.

Figure 24: restriction digestion reaction at reduced temperatures: Lane 1:
undigested and uncrowded control. Lanes 2-4: 2.0 unit of EcoRI: lane 2:
uncrowded, lane 3: crowded by Ficoll 400; lane 4: crowded by Neutral Dextran
(ND) 670. Lane 5-7: 0.2 unit of EcoRlI; lane 5 uncrowded, lane 6 crowded by
Ficoll 400 and lane 7 crowded by Neutral Dextran 670.

Detailed description of the invention

Bibliographic references mentioned in the present specification are for

convenience listed in the form of a list of references and added at the end of the
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Figures 23 (a, b): Effect of crowding using Neutral
Dextran (ND) 670. (a)Lane 1: undi gested-uncrowled
W@ w0 ms39 Lanes 2, 3, 8 & 9: uncrowded cont r ol BCT/b@I9%000248
2 &9 2 units EcoRl and lanes 3 & 8: 0.2 unit EcoR .
Lanes 4-7: crowded by 15 different concentrations of
Neutral Dextran (ND) 670, at 0.2 unit EcoR . (b) Lane
1. undi gest ed-uncr owded coﬂﬁ’rol Lanes 2 & 3:
uncrowded controls; lane 2: 2 units EcoRl; |ane 3:
0.2 unit EcoR . Lanes 4-8: crowded by different
concentrations of Neutral Dextran (ND) 670, at 0.2
exawplés.ofThec aflole Ftgntent 2f: suelst biblibg@phiti gefarences is herein
. reaction at _reduced tenperatures: Lane 1: 20
incrRaraiad P¥delghanGshcr owded control . Lanes 2-4: 2.0 unit
of EcoRl; lane 2: uncrowded, |ane 3. crowded by
Fi col | 400; | ane 4: crowded by Neutral Dextran (ND)
Theb ¢0rrehiimeebtian applesitie po'rthd@IElf ‘macrosndieciian oweeling on an

| ane ro 400 and | an cromd db
oA PaATERR: ; ieg0 A58 i FRATRE e ONAL b EVEREsRY andor
ampMeRibh GR PLEI-frearairofiniett erepatizulR Mhced ef prdviddte at least

present specification are for conveni ence |ISted in

one maeimodm ofudieitiasid synthesis ransiersamptificaiiond camprigi@gesaiTying

ouSle il ZRCFL PR SRR A oS g

mab&ingblBculeneb meotrat edirfayer aﬁa’rgenda péﬂl’meukaur thentmacromolecule

I nvention_applies the prjnciple of macronul ecul ar -
according g 8reation smalzh 5@3&@2!%&@%&@@03 .83 (fpygjrophilic
ma@ﬁﬁ%k@u@%) rﬁbﬂﬁwl%?'vk@ﬂdépfs,om@g%' 500kd 9Rdifbudral surface

ce ree environment articular, ere Is
chargeyvamtédr el:t) dt deest onermgaamktmisanif hyﬂ:ophlilc msagiramolecule having

o SR 3o BT i BB, B R BB 0Y charce
Thé’r’egi%”hfébbﬁﬁﬁf%éw dr RRithdd Gf IFRTHRARB! %UEﬂlc@‘ncpeubﬁ\at and/or

surface charge. In particular, the macronol ecul e
stabdlty) pHiiah geaﬁmnaqeemmemqm}yr I%BQ (Lts)mgnat |lmton_<m§nzyme in the

oreBef R 1560, S AL TSRS e G e

surddst @hafdd. @ phfRslaronBerer gaprovidedes mgthoopbf ||m©rovmg the
macr onol ecul e havi n a radius of 2 to 50nm in

effigigncy castivity and/pr stahility i atnleast anes@n%l?ecewaﬂ@@g using at
least one enzyme in the presence of (a) at least one organic-based hydrophilic

macromolecule having a molecular weight of 50kDa to 500kDa and neutral
surface charge, or (b) at least one organic-based hydrophilic macromolecule
having a radius range of 2 to 50nm and neutral surface change. The enzyme
may be at least one nucleic acid-modifying enzyme, for example, a polymerase
and/or a nuclease.

Enzyme(s)

Any enzyme suitable for the purpose of the present invention may be used. As
mentioned the enzyme according to any aspect of the invention may be at least
one nucleic acid-modifying enzyme, for example, but not limited to, a

polymerase and/or a nuclease. For example, the polymerase may be any
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There is al so provided a nethod of inproving the
efficiency, activity and/or 15 stability of at |east
WO@R@SOIMByNE conpri sing using at | east one enzyPET/BG20011@00248

presence of at |east one organi c-based hydrophilic

macronol ecul e of neutral surface charge. In

particular, there is provided a nethod of inproving

the efficiency, activity 8hd/or stability of at |east

one enzyme conprising using at |east one enzyne in

the presence of (a) at |east one organic-based

hydr ophilic 20 macr onol ecul e havi ng a nol ecul ar wei ght
po|yﬂ%er?Q5,Dam£é> 500k RersancraiBriptdse. S THeacausibasge mayr  be) an

at [ east one organic-based hydrophilic macronol ecule. .
endbavclegse araetiansicleasge Ascordingly s thineaRUMBENEY aPe & F?%ﬂ%ﬂon

change. The en ; '
enz{g e e TG bR BN e Sng ol R0 180G R Cmay be used
for gﬁdb%oaegwltﬁ@@e?setaﬁ eyt f%y @kib}etob pejeon wgli kreyw drow to

or e _purpose o e present inventi.gn m . used.
selent anyrshitpbleeanzyme @%ngfi&am PRBSY &fﬁ?ﬁpﬁ%ﬁé‘gﬁ‘"&?‘ﬂo”-

the invention nmay be at |east one nucleic

aci d-nodi fyi ng enzynme, for exanple, but not limted
Listtod, DNA 30dper RNArpmodemanzino mra modifying enzypesexanpl e,

the pol ynerase may be any WO 2008/ 018839
PCT/ S&G007/ 000248 18 pol ynerase, like a reverse

Thé@ﬁ%@'{é[ﬁﬁ\lﬂsﬁohg%?aﬁé@' ease may be an endonucl ease or
€. Accordingly, the enzynme may be a
The dbemrnaphibn DNAzpeymerases, sie iatheaONA ralymerasess ¢atalyze.
followng List., of.en iy
el bl Shu5eCBENTES (R FBRE, rbbrp e Jeayine =
pritti} Ihalyevahpue t Kydiekgad mifats Wyntidsis emzly magnestugn ion is
used in any aspect of the present invent .o& i tboﬁ ical
nedana QTS R 49 SHSHD DI AaRaRSARTS, PHBAaY i bidiog
Th r I i | " . vt r 1 I : Th.
er RS 5P B, TS el ol T
inclugies! Biee folloveng edosly comesordy ofisdoNaolyeNaass | itigir  various

triphosphates requiring a. priner having a free 3'
gengtirady gnainsered of E?Piat%‘gﬁteﬂgé{“éesand nmagnesi umion is

Taq DNA Polymerase: [From Thermus aquaticus] Half-life at 95C is 1.6 hours.

Pfu DNA Polymerase: [From Pyrococcus furiosus] Appears to have the lowest
error rate of known thermophilic DNA polymerases.
Vent DNA Polymerase: also known as Tli DNA polymerase [From

Thermococcus litoralis]. Half-life at 95 C is approximately 7 hours.

One of the most discussed characteristics of thermostable polymerases is their
error rate. Error rates are measured using several different assays, and as a
result, estimates of error rate vary, particularly when the assays are performed
by different labs. As would be expected from first principles, polymerases

lacking 3'->5' exonuclease activity generally have higher error rates thanh the
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necessary. There ability to sustain DNA pol ynerase
activity at high biological tenperatures enables
WO b@B01883% i n reactions requiring thernmal cyclPemSGHio7/800248
15 includes the foll ow ng nost conmonly used
pol ymerases and their various genetically engineered
or isolated derivatives. qu DNA Pol ynerase: [From
Thernmus aquaticus] Half-lif€ at 95Cis 1.6 hours. 20
Pfu DNA Pol ynmerase: [From Pyrococcus furiosus] Appears
to have the |lowest error rate of known thernophilic
DNA pol ynerases. Vent DNA Pol ynerase: al so known as
polymerasies with wxenacleaséactivityT HEmentatalcewsr Fateasfal g polymerase

nag ReioyeliBudle sdBaden BRPERT d ¥ docl £ T Bists asr dase par
Pfupsdlymerfeesppaars e have ehé weteror FafcOht r’o@gﬁﬁ/ 58 10 error
nmeasured using several different assays, and 'as a

perrasq paireand Mantds grokablyinteamediate etwaen iTag antyPfu. Error

[ L b i fferent. | : .
ratchoiaf B SIRREhsRiaraiaH i IBSpoi PYegeEE oy FTusdenwise
Ta@polyarkasg wduldbot esntinued #abe thétrﬁdéttWidg?&@i bYzia¥ Sy far

i gher .erraor tes than the WO 2008/ 018839 _ .
for Seq) ?, 43pplicgtions. QEhelseansigerntians ninelusting reliability
LV} tn i f | ymerase has
ancgggﬁvgg%tgus Jlbreegjosrsﬁ{eéggbg{] %Z?}tgfh%(—%ﬁ#%’to 2 x 10-5
errors per base pair. Pfu polynerase appears to have
he lowest error ,rate at rqughly 1.5 x 10-6 error per
Eu gt neTAeR, Ar6 Kot Sl ot Rmesare o TRadsed.
Taq and Pfu. Error 5 rate is not the only
consideration in chosing a pol ynerase for PCR
MesopfligPdA palyenesasesier ase woul d not continue to be the
nost wi dely used enzyne by far for the nyriad of PCR
appl i cations. Qther considerations, including
DNAgiolpbictasey! (BNA pbigineraghl): (frorad. |cMl) irhpifcEt&& #5 DNA repair:
ent Er | E?t gl he choice. 10 Eukaryotic pol ynerases. An%{ _
hag oK fﬁ@'ﬁéﬂ@r?é’tda%ﬁ’ﬁ Peolieaging eyonuclease activity.
Mesophi li ¢ DNA pol ynerases: DNA pol ynmerase 1 (DNA
polymerase 1): (fromE. coli) inplicated in DNA
DNAepalymeragd® lhamvbyed B redicalionkoft dansigedi @NAahds both 5'-

>3'éhaif extension Abif AntPd S ARUSLSaSS, Ak 1Y

DNA polymerase Ill: the main polymerase in bacteria (elongates in DNA

replication); has 3'->5' exonuclease proofreading ability.

DNA polymerase IV: a Y-family DNA polymerase.

DNA polymerase V: a Y-family DNA polymerase; participates in bypassing DNA
damage.

Klenow fragment: (from E. coli DNA polymerase 1)

-with or without exonuclease activity
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DNA pol ynmerase I1: involved in replication of danmaged
DNA; has both 5'- >3'chain extension ability and
w@200851888xonucl ease activity. 20 DNA pol yrmer aseCT/6G2007/000248
the main polynerase in bacteria (elongates in DNA
replication); has 3'->5" exonucl ease proofreadi ng
ability. DNA polynerase 1V, a Y-fam |y DNA pol ynerase.
25 DNA polynerase V: a Y- aHi | y DNA pol yner ase;
partici pates in bypassing DNA danage. Kl enow
fragment: (fromE. coli DNA polynerase 1) -wth or
W t hout exonucl ease activity WO 2008/ 018839
-SORETHEERO Oapiicafidss: 2Pnthesise obf ddubde-afrphidedt DNAs from single-

nthesi s of daubl e-stranded, DNA fr i ngl e- stranded.
stra g BrilatSs; g FEEBe8saqeads aitdaNy Taament: digesting
awdy PESRIISg i GRTRhAMS; Semdraii bf ¢hdBadtiveO INAaNBBes; DNA
preparation of radioactive DNA probes; DNA sequencing
sequgneing bgdhg&anger marthed T4 DNA pol ynerase: (from
bact eri ophage of E. coil) -very simlar to the Kl enow
fragnent -it functions as a 5 -> 3" DNA pol ynerase

T4 BNA poigmeraseh’ (frepbastedepitagalsel. E6ll) t he sane types of
reactions as Kl enow fragnment, particularly in 10
-very similante thedlenew fag with 5 or 3' overhangs T7

o .Fl;]}[]\g}‘- I asesr i e_0f | - has

et ig Oggra\ér:%gsi v? téﬁ@g@%@ﬂgﬁ%ﬁ %g{]?g;ns:g r@%‘qéua)esﬁci ng

-uséy fohdéhehsamet Bpesnaft ireactionshas gklendby ffEgniad, particularly in
ol ras e chemcally-treated or genetically

blu tl‘{éfﬁgeq@% ‘{TgﬂNg‘B’lﬁ'ﬁT Shori:?.oy\égnang§ 5 exonucl ease
activity. These fornms of the enzynme are marketed

under the nanme Sequenase and Sequenase 2.0, and are
T7 iNfepglymesase: f(lsomDpactedopleags obEreclyt i ons. 20 Termi nal

-hagim&@agﬁtﬁiwyl transferase: (a mammalian enzyne,

-some applications: DNA sequencing by the chain termination technique

-T7 DNA polymerase can be chemically-treated or genetically engineered to
abolish it's 3' -> 5' exonuclease activity. These forms of the enzyme are
marketed under the name Sequenase and Sequenase 2.0, and are widely used

for DNA sequencing reactions.

Terminal deoxynucleotidyl transferase: (a mammalian enzyme, expressed in
lymphocytes)

-function: catalyzes the addition of nucleotides to the 3' terminus of DNA:; it
works on single-stranded DNA, including 3' overhangs of double-stranded DNA.
-common applicatibn: used in adding homopolymers of ribonucleotides to the 3'
end of DNA; labeling of the 3' ends of DNA with radioisotope-labeled
nucleotides |

phi29 DNA Polymerase:
-a highly processive polymerase featuring strong strand displacement activity
which allows for highly efficient isothermal DNA amplification. The phi29 DNA
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| ynphocytes) -function: catal yzes the addition of

nucl eotides to the 3' termnus of DNA, it works on
w@R0vgless3e r anded DNA, including 3" overhangs o0PCT/SG2007/000248

doubl e-stranded DNA. -conmon application: used in

addi ng honopol ynmers of ribonucleotides to the 3' 25

end of DNA; | abeling of thg ends of DNA with

radi oi sot ope-| abel ed nucl dti des phi 29 DNA

Pol ynerase: -a highly processive pol ynerase featuring

strong strand di spl acenent activity 30 which allows

for highly efficient isothermal DNA anplification. The
Polwniemmomsgewmm RIONSGREERE/ (PomdhadirRy) activity acting

orelR b S5 e AR BRRRIRRCT o prerarontt aiy or
Sowrtagk eof ceha dad anlén@@@éﬁé 2 & B§b11lu§ sbbﬁn %Hﬁe%mi@ned

ene 2 of Bacillus subtilis phage p i cations

APFﬁ'&ﬁ’('Wﬁg ciallinge  givplei famlfl@ﬁilc(ch&jiCA}ul 1mt|d{o ige displacement

amg‘ﬁ%ﬁ?ﬁgau u%rb IdI h&gﬁ%e#&n( Wﬁo&%e&%ﬁe DNA template

prepamtian foi s:eqdecnmlr@qmem pigneprDNAi amplificaidn DNA
anplification Bacteriophage DNA- dependent RNA
pol ymer ases - Phage- encoded DNA- dependent RNA
OPRIRSE areRsh | 10 transcription to
Bacggﬁer atggsdglﬁ?%%j RI\IAy:{(P\TI\'/A\bE8 chﬂg)émr%ng)ﬁf the reaction :
-F’hagﬂanpeéedrletAwdepemdertleRNAnapolamerbsdmelafd weedh for in vitro

I N RGN YT

riboBuBRLtide® Rha(C atd Qilﬁelétf V\ht‘h M didrRudis SRs bPLbIRR other tag, and

i ncl udi maki n invitro translation or
thesf%&“"?@\l%abﬁlﬁdctgﬁh‘% !§nd~l$dncﬁ:$1 éh rll@be:ofmerm’badizytlon Other
I C | r
apeRory 3 1 vk BERGGRSH RIVRE 33R0ne, RS HPgning vitr
trans«tdtloh ertsmummtymummd furmtiohal nonel | a
R rse transcriptases
Comm)ermghly avg]able %act%¥|%phage RNA ponFr)nerases
- T7 RNA polymerase (from E. coli)
- T3 RNA polymerase (from E. coli)

- SP6 RNA polymerase (from Salmonella typhimurium)

Reverse transcriptases

Reverse transcriptase is a common name for an enzyme that functions as a
RNA-dependent DNA polymerase. They are encoded by retroviruses, where
they copy the viral RNA genome into DNA prior to its integration into host cells.
Commercially significant types of RTs:

-Moloney murine leukemia virus: a single polypeptide

-Avian myeloblastosis virus: composed of two peptide chains

Reverse transcriptases have two activities:
-DNA polymerase activity: In the retroviral life cycle, reverse transcriptase
copies only RNA, but, as used in the laboratory, it will transcribe both single-
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Reverse transcriptase is a common nanme for an enzyne

that functions as a RNA-dependent DNA pol ynerase.
wah@g/ o888 encoded by retroviruses, where theyPCDRG2001Y800248

viral RNA genonme into DNA prior to its integration

into host cells. Conmercially significant types of

RTs: 25 -Mdl oney nmurine | eukem a virus: a single

pol ypepti de -Avian nyel obi &% osis virus: conposed of

two peptide chains Reverse transcriptases have two

activities: -DNA polynerase activity: In the

retroviral life cycle, reverse transcriptase 30

stra]tdmdeRr\mnlayldF%\ngekmtancﬁsi DN@d térplates Withosedepitinlly idquivalent
cri be both single WO 2008/ 018839

eﬁlﬁi@fﬁ%dﬁ@ﬁh Gases@n BAeT ANAcRrimRinsHrguised i initiate syathesis.
—R% ‘I—?%’u@ifﬁzRN’ééé‘Fgméﬁ‘tr o 'u}ﬁle%gé'ﬂﬁ%k grad‘gsf J‘r‘% HNA - from

I n both case 'S réquire
RNPﬁDNPahﬂDMmtsimeblaa are- foixxed &Uraﬂg r@varge trBNasiption of an RNA

ri.bonycl ease that from RNA-DNA ,
terp B i< i a2 indBNe 35 Batife RrgopugBRss And xonuciease in
hydrb@gﬁ@rltgo@r@ét of an RNA 5 tenplate. This enzyne

functions as both an endonucl ease and exonucl ease in

hydrolyzing its target. Uses: Reverse transcriptase is

L.
st et SR RARHRIE B o BoRIE g N, HEBEBRAAE Da
comeﬁcdfi RNASs1PrigPERlampifgihgi ’ﬁfﬁa&C[DliiAn'ﬁ;j pﬁc)g( BraRZ YABH fekttion
the| r applications (non-pol ynerases onucl ease |:

Yom E. col s) -digestion of ssDNA or oligonucleotides
15 T4 Pol ynucl eoti de ki nase (PNKase): (from T4
bact eri ophage) -cat al yzes the transfer of a phosphate

N Tr e ey o afl i BBRIYon R norRPlyigrapee)
Ex&ﬂ,wggseoﬂngmgbe_rbeoll) 20 expressed in E coli.

-digestion of ssDNA or oligonucleotides

T4 Polynucleotide kinase (PNKase): (from T4 bacteriophage)

-catalyzes the transfer of a phosphate from ATP to the 5' end of either DNA or
RNA.

-commercial preparations are usually products of the cloned phage gene
expressed in E. coli. '

The enzymatic activity of PNK is utilized in two types of reactions:

-In the "forward reaction"”, PNK transfers the gamma phosphate from ATP to the
5' end of a polynucleotide (DNA or RNA). The target nucleotide is lacking a 5'
phosphate either because it has been dephorphorylated or has been
synthesized chemically.

-In the "exchange reaction", target DNA or RNA that has a 5' phosphate is
incubated with an excess of ADP - in this setting, PNK will first transfer the
phosphate from the nucleic acid onto an ADP, forming ATP and leaving a
dephosphorylated target. PNK will then perform a forward reaction and transfer
a phosphate from ATP onto the target nucleic acid.
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The enzymatic activity of PNKis utilized in tw types
of reactions: -In the "forward reaction", PNK
wo e@nmissss t he gamma phosphate from ATP t o t hePCBSGENT000248
of a polynucleotide (DNA or RNA). The target
nucl eotide is lacking a 5° phosphate either because
it has been dephorphoryl ated or has been 25

synt hesi zed chem cally. - 190 t he " exchange reaction",
target DNA or RNA that has a 5' phosphate is
incubated with an excess of ADP - in this setting, PNK

wll first transfer the phosphate fromthe nucleic

TheRS iafe @Wbomalor ABBicationstiforgp Adsp rordlatig viunieia acids and hence
dephosphoryl ated target. PNK will then performa

use o) RNk @rd-eacti on and transfer 30 a phosphate from ATP

P A8l 109408, b HRAORG 910850 g 2 provce o

i ndi cat
ligafior, whickplequiyésts 5gphu@phate abiSd@c&ld@smﬁééct%@epqila'r%ré?ase

chaEerK a %,S'ggﬁ%ﬁa?yﬁ aj %@%&s%nq:‘ﬁgg B onbﬂgﬁrlatﬁ& primers.

-Raaﬁ)‘i’éﬂéli%g Bligonuiastrizat eusuENIyS wiithc PRl $opruseuass hybridization
pol ynerase 5 chain reaction, which are typically

pro@eme_rat ed using non- phosphoryl ated priners.
- Radi ol abel i ng ol i gonucl eotides, usually with 32P, for
use as hybridization probes. T4 DNA Ligase: (from

T4 DMDI\}Eia%h bé@tenobhggé)i on of blunt or cohesive ends
al i ne phosph

eno 5' h h
- biaalen of Diint oRACEREIVARALS O VAT 3l so rempve |

phosphat es from nucl eoti des and proteins. These
enzynes are nost active at 15 alkaline pH - hence the
Alkalimeph&sphatese: Bacterial al kal i ne phosphatase (BAP) is

erbee S B, BRI P VA0 4 TRBRD o
ph f8hy hatibelidé£ ant i pBieifé| Thdsat @stymed asd kadst rective at

osphatase (CIP) is purified from bovine intestine.
alkéﬂinspHs— lmmgﬁhanm'ee nost widely used in nolecul ar

Sources: Bacterial alkaline phosphatase (BAP) is the most active of the
enzymes, but also the most difficult to destroy at the end of the
dephosphorylation reaction; Calf intestinal alkaline phosphatase (CIP) is purified
from bovine intestine. This is phosphatase most widely used in molecular
biology labs because, although less active than BAP, it can be effectively
destroyed by protease digestion or heat (75C for 10 minutes in the presence of
5 mM EDTA); Shrimp alkaline phosphatase is derived from a cold-water shrimp
and is promoted for being readily destroyed by heat (65C for 15 minutes).

Primary uses: Removing 5' phosphates from plasmid and bacteriophage vectors
that have been cut with a restriction enzyme. In subsequent ligation reactions,
this treatment prevents self-ligation of the vector and thereby greatly facilitates
ligation of other DNA fragments into the vector (e.g. subcloning); Removing &'
phosphates from fragments of DNA prior to labeling with radioactive phosphate.
Polynucleotide kinase is much more effective in phosphorylating DNA if the &'

phosphate has previously been removed.
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20 bi ol ogy | abs because, although |ess active than
BAP, it can be effectively destroyed by protease
waele@estssen or heat (75C for 10 minutes in the PCESEMOZ000248
of 5 mM EDTA); Shrinp al kaline phosphatase is derived
froma cold-water shrinp and is pronoted for being
readi ly destroyed by heat (65C for 15 m nutes).
Primary uses: Renoving 5 ﬁosphat es fromplasm d and
bact eri ophage vectors 25 that have been cut with a
restriction enzyne. In subsequent |igation reactions,
this treatnment prevents self-ligation of the vector
Resiridfiameesbipnucleasés: fawiynidsat dwat | dlgave othef soghephfdphate
baflbagmag [nto the vector (e.g. subcloning); Renoving
q;l)x.o&? tes fromfragnments of DNA prior to |abeling
-3 oMddesr pdi /@€l ve phosphate. Pol ynucl eotide kinase is
much nore effective in phosphorylating DNA if the 5
-clasg Ibisdbpmass coaympn end eesigetsially imgportand onwD
2008/ 018839 PCT/ SG2007/ 000248 24 Restriction
endonucl eases: enzynes that cleave the sugar-phosphate
Nutlegddmne of DNA. -3 classes: |, Il and IIl -class I
is the nost comon and comercially inportant one 5
-Cleqye | gligast nuclaieacids stogmalier fingments aci ds int o
smal l er fragments Deoxyribonuclease |I: (from bovine
pancreas) 10 -cl eaves doubl e-stranded or single
Desxtyribodadeds®\|: (fodobociheamacresm)e conmon appl i cati ons:

el impnatin e.qg. plasmd rom preparations of
- ol T R A
SRt ARG O D19 (o s Al S MeBations
of RMAcaealyzingiRNArpreiain intemeticne siseDNhae fodtpantisg; nicking DNA

or g 3P uBbERIgRY oLl O o o prrimdine

reduci ng RNA contami nation in
Ribonuclease A: (from bovine pancreas)
-is an endoribonuclease that cleaves single-stranded RNA at the 3' end of
pyrimidine residues.
-some common applications: eliminating or reducing RNA contamination in
preparations of plasmid DNA; mapping mutations in DNA or RNA by mismatch
cleavage (RNase will cleave the RNA in RNA:DNA hybrids at sites of single

base mismatches, and the cleavage products can be analyzed)

Exonuclease lil: (E. coli)

-Removes mononucleotides from the 3' termini of duplex DNA. The preferred
substrates are DNAs with blunt or 5' protruding ends. It will also extend nicks in
duplex DNA to create single-stranded gaps

-Used most commonly to prepare a set of nested deletions of the termini of
linear DNA fragments
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preparations of plasm d DNA, mapping nutations in DNA
or RNA by m smatch 20 cl eavage (RNase will cleave the
WORABHMSBNA: DNA hybrids at sites of single baBer/SG2007/000248
m smat ches, and the cl eavage products can be anal yzed)
Exonucl ease I1l: (E. coli) -Renobves nononucl eoti des
fromthe 3 termni of dupIZ%x DNA. The preferred 25
substrates are DNAs with bffint or 5 protrudi ng ends.
It will also extend nicks in duplex DNA to create
si ngl e-stranded gaps -Used nost conmonly to prepare a
set of nested deletions of the termini of |inear DNA
Endonigiaased V30 WO 2008/ 018839 PCT/ SG2007/ 000248 25

I WY . . | RV ¢ '
ThEERRNALIES IV recdfi-pR AR SmRAAH §765 of asoNA
ancth b?wbsﬁhbmmdie?ﬁmdg5h?t@ tohthe R%LCW geaeeitidg 8ohyiroxyl

'-termnus. e enzyme can
aroyl 2 ik, 3 48IaInys: GPecEuAIR EAAIPSAT B Pes dorierass that is
o310 P05 LU Ol 209501 1 oA s o
dsDIMA repair; single cell electrophoresis (Conet

-opREditkisn Wit il HaBds”afd reRer. aigold cRbyelesirophoresis
(Cofnetert@ag) entaffor %Wﬂlbcr@séé\@chi; EINGR strAfRYetestfargipam nat ed

bases from danmage DNA, including uracil,
hypoxant hi ne and xant hi ne. Endonucl ease V is al so

E”%@%ﬁﬁ%&%ﬁﬁ%ﬁgﬁﬁ%g urea sites, base pair

ap and pseudo Y structures, and snall

-a 3'eheohucieasdelkichanitiaics rohiovab beaeh@matd asée fvRv8amaged
DNé\i t.e 15 generated by Endonucl ease V occurs at the

edBAHY R0 Splei YPPERNHEIRI and pgathine. Endeeuslease r\dnis also
acti?Egcobv%?‘ck ABasi oL ,%aseg;gaiF AT AL ﬂé% %@ﬁsﬁggudo Y

primary nicked products experience a sec

strusituries ngné\samll insettioas/detetiprenienDNAY molecutel. Treadieagage site
gen%radt%%bkl)yeéﬁaér?l?c ggseb\r/eo%lé:hrsAgt {h%wsecond phosphodiester bond in the
3' direction from the lesion. When an excess .of the enzyme is present, the
primary nicked products experience a second nicking event on the
complementary strand, leading to a double-stranded break. At low
co‘ncentrations, Endonuclease V first nicks a DNA strand at the lesions located
closer to the 5'-end of the DNA molecule. Single-stranded DNA is cleaved with
much lower efficiency than double-stranded DNA. Mg** or Mn® ions are
required for enzyme activity

-Applications: High-throughput methods for mutation research; Studies in

mutagenesis and DNA repair; Mismatch cleavage; Genotyping.

Lambda Exonuclease:

-is a highly processive 5'=>3' exodeoxyribonuclease. It selectively digests the
phosphorylated strand of double-stranded DNA. The enzyme exhibits greatly
reduced activity on single-stranded DNA and non-phosphorylated DNA, and has
no activity at nicks and limited activity at gaps in DNA
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concentrations, Endonuclease V first nicks a DNA
strand at the lesions |ocated 20 closer to the 5 -end
w@booslesBNA nol ecul e. Singl e-stranded DNA i s CPEHY&ZN07/000248

with nuch lower efficiency than doubl e-stranded DNA.
My2+ or Mi21 ions are required for enzyne activity

- Appl i cations: Hi gh-throu ut nmethods for nutation
research; Studies in nutagenesis and DNA repair;

M smat ch cl eavage; Genotyping. 25 Lanbda Exonucl ease:

-is a highly processive 5" =>3' exodeoxyri bonucl ease.

It selectively digests the phosphorylated strand of
_sonaﬁ)asplécaglqngne@aera%ﬂg Wee?tﬁqm#@dem%md ©301 yse in: DNA

seqdeﬁ‘%ﬂigfl%r@:‘:ta'n‘é SJ‘F D?leﬁglsﬁ'log?% sﬂ%ﬂg Oc%rl"ﬁ@lﬂon glolggnorphlsm

non osphoryl'ate no activit

(SSOPL; K¥rodudinpisngledtracted iDNA dtong dpsbierstbidadDNA fragments.
2008/ 018839 PCT/ S&2007/ 000248 26 -some applications:
generating single-stranded PCR products for use in:

Mun@%arﬁﬁ%%&%n@m@ﬁ@ béQﬁ"sb?cb@cSPf DNAPflogngenzt rand

confornati on hi sm
-Dlggsstﬁgasleg@t?ptsam@@ EM\ fte cﬁnp@@@bh@ryate@nﬁ@ao mNroligonucleotides.

HigH e ations, o EHERESAT AN 1EG30s ddtieshaRled RLEMC Ages.

-Usef toolengsvalisihgletdtratied ditghsiong@ont DAIA fnproefuce biyriteends.
wi || al so degrade doubl e-stranded nucl ei ¢ aci ds.

-Used to renove single-stranded extensions fromDNA to

Nucfg'gggtg,@_ @H“gfilte%%nas O Nucl ease BAL 31: (Alterononas)

unctions as an exonucl ease to digest both 5 and 3'
-Furetidas @is gl elkbeudéass ttedigeshhott 6' ahd @' antls ocisloable-stranded
ease tha

DNA IFHES 3t 35 Soetnar SITgect S AT a6, DHCCIeBNRS LA at nicks,
gap§|a?f'élv§n?lét ﬂrﬁn@ééd’ ré@oﬁé‘ pb%és% c:,lea\lwr.S ﬁqefr?c{ll%ﬁhodidrﬁ@* TNA.

fragnen Nucl ease
-Usegdawahgﬁenmg)fragmentgmfﬁhd&aé b@épends on the amount of
enzyme used. Low concentrations of

Nuclease S1: (Aspergillus)

-The substrate depends on the amount of enzyme used. Low concentrations of
S1 nuclease digests single-stranded DNAs or RNAs, while double-stranded
nucleic acids (DNA:DNA, DNA:RNA and RNA:RNA) are degraded by large
concentrations of enzyme. Moderate concentrations can be used to digest
double-stranded DNA at nicks or small gaps.
-Used commonly to analyze the structure of DNA:RNA hybrids (S1 nuclease

mapping), and to remove single-stranded extensions from DNA to produce biunt
ends.

Ribonuclease T1: (Aspergillus)
-An endonuclease that cleaves RNA at 3' phosphates of guanine residues,
producing oligonucleotides terminal guanosine 3' phosphates.

-Used to remove unannealed regions of RNA from DNA:RNA hybrids.
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S1 nucl ease digests single-stranded DNAs or RNAs,

whi | e doubl e-stranded nucleic acids (DNA:DNA, DNA: RNA
warasRMN83RNA) are degraded by | arge 20 concentPEL/BGI®H7T/000248

of enzynme. Moderate concentrations can be used to

di gest doubl e-stranded DNA at nicks or small gaps.

-Used comonly to anal yze structure of DNA: RNA

hybrids (S1 nucl ease napping), and to renove

si ngl e-stranded extensions from DNA to produce bl unt

ends. 25 Ri bonucl ease T1: (Aspergillus) -An

.endonucl ease that cleaves RNA at 3' phosphates of
R'bﬁﬂﬂﬁ{éﬁﬁe?’gégdﬁgg, produci ng ol i gonucl eoti des ter ni nal

1 ! t — k. .
TR 8 de 8 FSBLS A5 o, 60 AL S
RNAGYNSGPYbIId90G2d8es 270t Rydirszelf Mﬁﬁﬁsggﬁﬁfggéén gg?iéa/vithin
singk R ReG e SRRt S gAY “Goes ot
-ApPYEAEDINEZ Rerh6y A it TRRRIA Eﬁérefo ﬁ’%m&ﬂ\ﬁ\iﬁ'dﬁ the segond strand of

si ngl e-stranded and doubl e-str and ) .
cDNApgiqre@\falowstha?@ﬁMA) sefluemes of inRNA affee Isymidiresion with

: hen.se . St f v Renoval, of the pol Ag(_
olgBle BB AAACR! of FRAY, SEIRYELe B\ W1 REISH Y ation
reaSliorepsygeets i ¢ cl eavage of RNA; Studies of in vitro

pol yadenyl ati on reaction products 10 Ri bonucl ease |:

(RNase 1) -an endori bonucl ease, pref erlenti _aljl y
i 1420l - stranded RNA to nucl eosi de
Rlbgﬁgﬂg%%%ﬁgm%t%el via nucleoside 2'-,3" -cyclic
-anmeTsiohibsphciease,i nireferedtiallyeshyirplyzeat ishitfie-skamaeal RNA to
NA. f rom DNA sol uthi ?ns; Removal of RNA from 15
nucﬁeeq‘séqpoi ﬂlampngpstgg% Fies efiar AUrigasideRdrohryrlias@onophosphate
intePh@tREsd On assays
Applications: Removal of RNA from DNA solutions: Removal of RNA from

recombinant protein preparations; Ribonuclease protection assays

With reference to the macromolecule according to any aspect of the invention,
the macromolecule is at least one organic-based hydrophilic macromolecule
of neutral surface charge. The macromolecule may have a molecular weight
of 50kDa to 500kDa. In particular, the macromolecule may have a molecular
weight of 70kDa to 450kDa. More in particular, the macromolecule may be a
mixture of at least two macromolecule with different molecular weight, like
Ficoll 70, Ficoll 400, PVP 360, neutral'dextran 410 and/or neutral dextran 670.
More in particular, the macromolecule(s) may be a mixture of Ficoll 70 and
Ficoll 400. Further, the macromolecule may have a radius range of 2 to 50nm,
in particular, 5 to 20nm. The macromolecule may be a carbohydrate-based
hydrophilic macromolecule. For example, the macromolecule may be a

polymer, in particular, a polymer of glucose and/or sucrose.
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Wth reference to the macronol ecul e according to any
aspect of the invention, the macronolecule is at
WO e@s1888% or gani c- based hydrophilic macronol ertil/e8G2001/000248

neutral surface charge. The macronol ecul e may have a

nol ecul ar wei ght 20 of 50kDa to 500kDa. In particular,

t he macronol ecul e may have nmol ecul ar wei ght of

70kDa to 450kDa. More in p i cular, the macronol ecul e

may be a mxture of at |east two macronol ecule with

di fferent nol ecul ar weight, Iike Ficoll 70, Ficol

400, PVP 360, neutral 'dextran 410 and/or neutra
Theydxtariienewt. nowthes descritedt inc mose ,det4ie withcreterehes ub a{&eic

; - ] Xt of Ficoll 70 and 25 Ficoll 400.,
acil pinca B dhE 8 areklies fopohingase: Shrnseaige GrCR)
apgicatios0mm partibulaar &i PORrand 4 hod@eR offas DNA andjor RNA

cronol ecul e may be a carbohydrat e- based ydrophilic

Sy '%('ﬁ%@éeﬁf@n rogthedalppics, atchpronidedriol derudestrate that dhe

i i a . f gluco and/ ar ..
coftfSan SBAE) L 28oBe ettt 15805, Hgfhaton
Howeven tihe invenitionris wobdinites ¢oi theappcansie of ®OR lan@i 4y other

r@fer.ence {o clei¢ ,acid anplification, and in
amplficAtG 0 Bethas| Kopyinr 4&e aEhal Riib dabe daveiersy may be used.
Fu | gt ichNaRkR8! tdralieds BGRy: a

e eehtionnaRa dahiblisds 1y Bl of 8% o Bhitioure
accgrdingriev thee dnventioanibnsuclaiceatidés) syrethBsieoMier Inventiém also

enGHN SRS B (RES B o BlecramBlethilR. Beraing, tothe invantie for
imprmih@etr@p@fﬁdi@idwrh&fvitf%cﬂaﬂ swblilitg/t B?raé %%F{ | e 2hi-0fe.
Il to be deve (? may

nmet hod known in the art or sti ope

Acqordinglya any teel Fragent.reondifigastansiorteerenoeno  amplifidation” or

u ki [ r | ecul e accordi to the. .

PR, B9 sl d iy L gRnflr 8leorhe i nuifaic o

syniflesis DO thecoefras of imb&qwm%h@fefﬂidi@né}@?dd?WﬂL%V@r stability
ac orgl fo the invention for inproving the

accgfcﬁpgi% INVERHPRi ty and/or stability of at |east one
enzyme. Accordingly, any tool, reagent, conditions
and/or reference to "anplification" or "PCR' should

be considered to apply, in general, also to the
Thenpeasent inardorsshanchtargstedr a tépectratrhofl pafarhetere thatgmbalebe

inﬂﬁr@eﬁhf\j“@e %}’(It%lﬁb_c tﬂ'\é’ | atﬁbligg |{it?/r of ttﬁlg I slalié ytec%n?iqsgg 009 Irgsge;r%h,
diagnostic and/or therapeutic purposes. These parameters include but not
restricted to (i) sensitivity, specificity and efficiency of PCR when it is the
pertinent DNA amplification procedure, (i) productivity, processivity and
fidelity of the DNA polymerizing enzyme (i) the yield of the product due to
amplification which may be DNA or RNA as the case may be. Specificity:
ability to synthesize and/or amplify the exact length of the target sequence
indicated by the melting temperature. Sensitivity. ability to produce detectable
amplification from low concentrations of target. Processivity: number of
nucleotides polymerised/unit time before enzyme detaches from target.
Efficiency: rate of amplification per unit cycle indicated by the slope of the

amplification curve. Fidelity: enzyme’s ability to add correct complementary
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The present inventors have targeted a spectrum of
paraneters that may be influenced to extend the
wappsiocsakd | ity of the said techni ques for reseBeTBG2007/000248
di agnostic and/or therapeutic purposes. These
paraneters include but not 20 restricted to (i)
sensitivity, specificity and efficiency of PCR when it
is the pertinent DNA anpl “Pi cati on procedure, (ii)
productivity, processivity and fidelity of the DNA
pol yneri zing enzyme (iii) the yield of the product due
to anplification which may be DNA or RNA as the case
basmagaxpr@ss@@ea@s fercaninucleatidiesi agded Fyoddetiitye ability do use a

exact Ienqtr of the tar
fraciffics bty SRRT opetiadioncan st B delidnlyp arpghiioation.
abi | i ty to produce det ect abl e anplification froml ow
concentrations of target. Processivity: nunber of
nucl eot i des polynerlsed/unlt time before enzyne
Thejpresené dnvanderst ioyste. highrmplaceiasyweight enasromolecules, of 50
p th 0
DFRE00KER; PARHPRE BL! (VLT peffifad S0 BN SSineRRigRior
amplificatidncmxrmmr.turesnpUehireaBarbutV\laozoﬂ)ﬁv’it@di8889 PCR, at such
PCT/ SG200 00248 se expressed as
congep ??'?Plﬁczf?g Qast a& eidthepsfdtien iMacosHty.apfil ianjc shength or
Brief AP HUGRSEENED YHE! c
ep o? dgfelét agl en anpl |e1?i§c F%ﬁae %E@E%ag?ntﬂ S2f‘/telﬁfr:etréFosygrrl?d/Or
amplrf@atlde phoegeuiel ecul ar wei ght macronol ecul es, of 50 5
kDa to 500kDa, which have not till date been tried for
DNA synt hesis and/or anplification procedures such as
but not limted to PCR, at such concentrations that

Fordestioating f et rédqdrezdIndacromalésifestdnbentttioh®Nitife inventors
strength or reporter dye fluorescence, where

emplgyed Lignhysicg t%P'% PHPR &S d)mr@ydlghégfp%ﬁ%rm and viscosimetry
Catl

tha?ﬁd*%%dmmd?ﬁ%ﬁﬁolﬁ uqégcg%%en r at | o %gac%t%@seh the

maenspiagededi mpr@thdutmi tt)oﬁhdlngucdmt athedmarrentrémcg’fﬁ at which
éatterl n ﬂ Vi SCOSI at hel in

crofEf: il SEhin o7 BepuRy Honstysihn SRufament aadofesiass the

appNB&bifyD be ¢ Q?otélﬁeéd@'élhéé’rbﬁ DN NG cl’%ﬂIAt thesis andjor
concentrations at which crowdi ng act ual set-1n

amplifisatieny bi ophysi cal enV| ronrrent and test ed t he

Increased Specificity. The inventors have applied macromolecular crowding to
obtain a greater yield of specific-length PCR products as determined by their
dissociation profiles in a real-time PCR. The specificity of amplification
depends on the extent to which the primers can recognize and bind to
sequences other than the intended target DNA sequences. Although
conditions are usually chosen to ensure that only strongly matched primer-
target duplexes are stable, spurious amplification products can nevertheless
be observed. This can happen if one or both chosen primer sequences
contain part of a repetiive DNA sequence, and so primers have been

designed to avoid matching to known repetitive DNA sequences, including
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applicability of the obtained values on DNA and/or RNA
synthesis and/or anplification. Increased

wepesiisssd ty. The inventors have applied macr oprGl/eG0a000248

crowding to 20 obtain a greater yield of
specific-length PCR products as determ ned by their
di ssociation profiles in eal -time PCR The
specificity of anplification depends on the extent to
whi ch the prinmers can recognize and bind to sequences
ot her than the intended target DNA sequences. Although
conditions are usually chosen to ensure, that, onl .
large rvmgf 9 sirgle RuglaatidPG&5of P86 e@i@smawg"&y%*b‘ih&,?’
S i,0 infidi u i i
end e olimelTl; Ll BRI SpRcas iR 1o Kerive Trom
substeqtiaiiyc esismatohieal pripeeritaget adupdexas vinlessDIe ¢ qerehad, the
. and so pri gs haw.e been designed to avoid matching
primas %HW%@ MAFYBIDNA sequences, including WO
2008/ 018839 PCT/ SG2007/ 000248 30 large runs of a
single nucleotide GG or CCC). Accidental matching at
the 3 end of the prinmer is critically inportant:

Increpeed ovengiidiatudine iayerdelisi Paverigsteds did ahittyapf ¢ PCR to
m s - t i d

oo UL S S o el

deﬁﬁ@%étgéit degnee ghe;éngimny Omle‘[HiEi\RiCllRe?n ea mlaxbti?td Isettingof this
a PCR to roduce detecta i fj [ I

ok S Resies delectable atplt £ o on Lo 0% o

Gre%h. fabehh! 61#13 Yo Youbie siPatiied rDlgf\r TRk - ddrPRpd & tthé Ghreshold
this anplification is nmeasured by the I ncorporation

cyclef (Ctf | abowscéort ayrirgeBRand Gpoduchle guanification o using

doubl e-stra . —Jhe concept , of the threshal
fUCESRAF0S &SI 1T G RoF LGrRaeE VAHPS i3 SHAETay during every
cycRUBRHI fdpraddrNthies aRtbunt | 40P RSRRR GinPiFRed t&khECBoint in the

Fl uor escence val ues are recorded during every cycle
amplifitatioprresefinn. t Hee aneignteroplaiesoBlrRsenh @ thei beginginghat the

roafioeh thpcie s auBiper bt BRI dn MR s hachd HEAE n e, the
fludréscdrgwaigrzinker fiest agcbeledi tasg akesisticallyeasigndicant nabove
baclkgrc\al\lTr:d?hw%ilgﬁ is the definition of the (Ct) values. By increasing the
apparent concentrations of the reactant molecules by macromolecular
crowding, we aim to show that it improves the sensitivity of a PCR by lowering

the CT of an amplification run in a real-time setting.

Increase Productivity. The inventors have investigated the increased
productivity of polymerase (for example, Taq polymerase) and the yield of
synthesis and/or amplification (for example, PCR) product(s). By crowding the
PCR environment, the inventors showed a “polymerase sparing effect”; in the
sense that detectable ampilification were obtained even with significantly less
amount of enzyme in the reaction mix. Under crowded conditions, it is shown
that the activity of the Taq polymerase is increased at higher number of cycles

and if this results ultimately in a greater population of DNA copies. The
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fluorescent signal is first recorded as statistically
significant above background, which is the definition

wo@RooBhessgLt ) val ues. By increasing the appareP€T/SG2007/000248

concentrations of the reactant nol ecules ' by
macr onol ecul ar crowding, we aimto show that it
improves the sensitivity af a PCR by |lowering 20 the
CT of an anplification runin a real-tinme setting.

I ncrease Productivity. The inventors have investi gated
the increased productivity of polynmerase (for

struc ] BEariy o R Eran et 621 BeagirBlnBciortes, sl (5! PSR

cyclé‘sr QN&@' 19 rebeakn ?ﬁ&n%Vb¥&ﬁ1?;eﬂq®wa§r | §heat Maerorheeediar

pol ymerase sparin in th sense that
croWdHtgecambtablhﬂmthef naﬁue sifuctire: oblt piotein (Gheungiatral. 2005),

| fi l.ess nt Z t
we cypietery 58 s 1EH < SHE Al FEHEEmoRklfy bRRE bRgyme
everﬁﬁﬁ thei |h1se efciédandaeneel pramrn@smelapdn@healsmpmtcahbg hetfiich
nber of cles and if this results ultimately in a
mlghj P@af?@\d'r% ﬁlyihatcpam noIMsUeT injlinldaraet iempBtes isgrwi18839
PCT/ SG2007/ 000248 31 structural integrity of the
enzyme can be a limting factor at the l|ater

i e B B BB Sl Vg e

showit BEedrel Restitsa protein (Cheung et at. 2005), we
expected that the principle can maintain the

@ W tﬂ‘&hﬁﬁﬁ?a’iﬁé hé wifabt 61*@0@6%%@'@ pﬁoQM@iﬁ? a:tetéé’cablbaérﬁphflcatlon

cycl es and hence prolong t exponen anplification
aftiedicechegrympearmedulist erwhers IPGB RSP emﬁ@@ucaéf herge mare

3&?%& SERMEoLEER Smaes iRt nc I()gnhga;f)e(anngvm
(i '656%39555%%5$%&9c%§p%8¢'8%¥ Bhsansfighy pr i pEanaLpCR. in

fAQUUE QRhpROeETRhE TBbEificity TRkES sPARSTHHE REQREAMIC @kcess of
hence nore suited for up-scaling of PCR and mass

pelstersedhat igirpytingly dised. not conproni se on specificity
or sensitivity of the original PCR In fact, it
(iii) Bymrowdingt aeP@,Becthé iarmlywtaofob@ﬁac’egenh@wédmﬁ!dhalnced and

tﬁl)écr%sp?esoefnts a ug #uY rtmolat%emggf?ﬁlze lﬁlClenC)y ana increase the
number of PCR cycles ‘and still generate an exponential ampilification

which otherwise would hit a saturation.

Efficiency of PCR amplification: The inventors have also shown that
macromolecular crowding enhances the rate at which the copy numbers
increase with each PCR cycle (Figure 1). This rate depends on the slope of
the amplification curve and is an index of the efficiency of the PCR
amplification. Efficiency in a PCR is a measure of the rate of amplification per
cycle. It is thus suggestive of the ‘speed’ of amplification. During the early
exponential phase of the PCR it is close to 1, which is equal to 100% in terms

of percentage. The CT is measured at this early phase. Hence it is plausible to
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(iii) By crowding a PCR, the anmpbunt of product
generated i s enhanced and this represents a useful

w0 omB/01883axi m ze the efficiency and i ncrease PEESG2007/000248

nunber of PCR cycles -and still generate an

exponential anplification which otherw se would hit a

saturation. 20 Efficiency of PCR anplification: The

i nventors have al so shown ¥4at macronol ecul ar

crowdi ng enhances the rate at which the copy nunbers

increase with each PCR cycle (Figure 1). This rate

depends on the slope of the anplification curve and
combaraithe setesitivifies bietve differemt@mpificatien PaRegdased on the C..

amplification. Efficiency in a PCRis a neasure of the
But rthteefficienuyl dfastiaallpregeces aatcthe late expengpfial phase and

B

ampiib&tior Hrefyad jGdyekPBYeéd oty R th@fCJgeT!_ﬁ@re_fdige effiiendgTof
I'sS neasured at 'this early phase. Hente it is plausible

PCH @afRAAAB AP 1#8 B8sRTSHORD PRa BT 4he PR domparaty irportant
sensitivities of two different anpljfication curves.
to kpewethe sompdeteramplification Brafile; dRiyIsaexanpiiad ;‘w a simple

[ : 0, i ;
exafrp oo rififalidh fufR APARIE @bs MRRRAUGR boIAWP HT ERE 1) may
haveehé eahedCi but Siphay hit atplategur afew eytlss jadiey Stk baswhilst ‘B’

only on thé CT. Therefore, efficiency of 5 PCR
maypaohticud avitty eapondrdia asnplification dot manys eyeles trhereptiran ghe

equal | y .i pportan tq, know the co et.e i e '
othr Betord. 1t A & EteatplS Pk vangiqrgial & oy depfitl Higre

. R LR , ' ifally.on bel ow in
il i R I G i S

plateau a few cycles after the CI, whilst "B may
continue with exponential anplification for many

Incgﬁ\égfagzﬁc_g&ft)?. 'I’lb@ﬂ'nfen?clré@\a%@ﬁ igﬁzvﬂget?h% Icr?b\{glg?g"‘could reduce

I's"easy to eval ua initely
theng¥ér rapé fofthenpolymerasd fanchudledtidie mcgrpeaation bydadoring the
_product finally. | E{:{ea{se Fi del | t%’h- he itﬂventgrs all
bingiageofdha grEgChReNR FRP-EBlE YRS RECEIAY
mof@SEHIL thii HRLERIBIARL paie! Cal-beSed IIIOARMERG dRvblves

avoring the 1 Inding of the correct conplenmentary
DNbaeplipatiorsimihivewhich is hesomiaipdasitic alveyy high fidelity of copying
because of proofreading mechanisms. However, when DNA is replicated in
vitro the copying error rate is relatively higher. Of the heat-stable DNA
polymerases required for PCR, the most widely used is Tag DNA polymerase
derived from T. aquaticus. This DNA palymerase, however, has no associated
3'-5' exonuclease to confer a proofreading function, and the error rate due to
base mis-incorporation during DNA replication is rather high. This means that,
even if the PCR reaction involves amplification of a single DNA sequence, the
final product will be a mixture of extremely similar, but not identical DNA

sequences.
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nore stable than m s-matched base-pairs. Cell-based
DNA cloning involves DNA replication in vivo, which
WO 2008988389 ated with a very high fidelity of copgl/6G2007/000248
because of proofreadi ng nmechani snms. However, when DNA
is replicated in vitro the copying error rate is
relatively higher. O the heat-stable DNA 20
pol ynmerases required for PER the nost wi dely used is
Tagq DNA pol ynerase derived fromT. aquaticus. This
DNA pol ynmerase, however, has no associated 3 ->5
exonucl ease to confer a proofreading function, and the

Desﬁrté Qhe 'elofs U8 tB ﬁnn?ﬁ w}icﬁ PN2OS u ﬁ’def 11 @t’éi PCR

eatioon s Par i s nmean even if
proddm rﬁ’@R ghesagite @nrrenVquasnmpThlsl is dreuanmsef aﬁheug{gu@dmdual

oA gRERLegE o oS Ltk PEACE MBI oAl HAKS, «
mco'*EE&r‘é%ﬁeéf m\é@rr@@pgégel§3@%3%@“@@29&%&1@03\4% r@3ult, for each

te the errors due to replication in vitro, DNA
bassmmﬁlm fige ebniribetiontcfloneGRcopeeihrRIE ARPNGi MeMORR strands is

ove SO SEAL A Bt P J5e V3B T BRRY A gl v

havBaR& ooritclR€ seiisiied Mozbrdingl9f fmﬂ@fe{rﬂ%@aﬁﬂ!@ p®duct may be
essentially random As a result, for each 5

diffipelsi {fi b, POR: rredcti isute e slonsein el K@@t tﬁag@“gﬁte DNA
squgﬁFﬂpbﬂp{o %éﬂlﬁﬂ% Fhﬁahg’t\ﬁafé@qﬁl Tedipg xgresswn sgﬁtem

rom mejority of
trar\&lfér#naﬂmV@eléﬂe fooermglesmmm anft tar delhglonesf chasiesrto be

sis of the product t th
amplitek vl panteln giengahatolsates pach e, Sis 75,3 BITEIF §tarting
B@ﬁe W'?ﬁé%%é]f htaQepﬁ{e”\ﬁcd‘r%@tﬂ)ﬂﬂaéeédéﬂbee%ebﬁu% of a
based ression system, 10 transformation
copyiriceetrsr duningaPERNgnplificdtiooul e, and the cell clones
-chosen to be anplified will contain identical
nol ecul es, each the sanme. as a single starting

BB oo s T S 1 i DRy cepenc

on RBW Ibﬁ%‘fﬁé bﬁﬁ‘ymé% bPR t8asied t&DIR 6éMirhy thbecopymg lt Thus,
synthesi s of conpl enentary DNA strands depends

hlghb!nertCI&eSla‘ﬁ Aatpnprases| Bay SWIthesize aplengosiEptch; %DM g@fore
theg tﬂg fg)én gﬁgg%@egﬁ' g?l %blﬁ}&oﬁl\ﬁﬁg\éf lfﬁglayt%é?slgscdi‘%}ﬂerably
long (several kb). The processivity depends on the following factors:

() Nature of the enzyme: replicative polymerases such as the T4 DNA
polymerase have an inherent high processivity (several kb/minute). These are
continuously involved in DNA replication in the nucleus/nucleoid of a cell. But
non-replicative polymerases such as the Taq polymerase are generally called
upon to repair any gaps in the DNA and are as such not critical for constitutive
(routine)DNA synthesis in vivo. In other words, they are inherently of a lower
processivity. This presents a potential problem for in vitro DNA synthesis in
reactions such as the PCR that employ these low processivity enzymes,
particularly if the target is long (one to several kb).

(i) The conditions of the polymerization reaction: PCR depends on multiple

rounds of thermal cycling. Hence the polymerase can suffer structural damage
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they detach fromthe target. This ability is crucia

if the target is considerably |long (several kb). The
wpe@sessssyi ty depends on the foll ow ng fact or SPCRSGL00)/000248

Nature of the enzyme: replicative polynerases such as

the T4 DNA pol ynerase have an i nherent high

processivity (several kb/gh%ute). These are

conti nuously involved in replication in the

nucl eus/ nucl eoid of a cell. But non-replicative

pol ymerases such as the Taq pol ynerase are generally

called upon to repair any gaps in the DNA and are as
afteg @ hnwsbet (of t Tepslitive rtheanalt icyclesy dhis danoativerspiNaffect the

oSSR 40l UM a0 s BB et g hblive

© properpbe DNopolymerass thadNbeygtlsesi s in  reactions such

as the PCR that enploy these | ow processivity enzynes,
particularly if the target is long (one to several

o 8Pl OB AR BRI 2l can o
b e o el cxes ot (e
2008 [
Synﬁi%rsﬁﬁir'ﬁrldﬁr%g%aﬁgm\égﬁ?&/i %frfw?st R - by @dgitionrithe efgyptural
inte@ﬁ’s&ﬁéﬁﬁb?’er&ﬁtﬁ@% rﬁ&%erﬂ:@é&?ﬁ’tﬁéﬂ Sa t hélb%ﬁ@g%(?ibte%ining the

relatively ow due to e I nherent non-re
stabjlitynd ths tasge EAmpoippltnerase tcompléx bei ng used. 5 By
enhanci ng the binding strength of polynerase to DNA,
crowdi ng can act as a processivity factor so that the
Appiichijores asfetigo esmbedinienlts -&ddordingMd tthe t preaeht Bidtion. The
synt hesi zi ng | ong conpl enentary strands of DNA I'n
folloﬁcagt iBeRlicatiomssiaracaidan onlyit 8gr iexgmple t Ard eazgordinigly any

; td4rded: ] i ptaini ng.t he
B 3t e hof SOt Pl B Eph PRl G i ey the
apphpgtiarc giveonBurihet bpplisdtiods e s aficofdehing 4 ekillbg person are

resent inventjon. The, follow ng a{)pl i cations are
a'sch(}%?WBﬂW applicatiny of the P @saE! yIvaRion.enbodi ment
of the invention should not be considered to be
limted to the application given. Further

: tdlbe P in the art evident to a skilled person
are . I enco ssed by the lication of the
Thepé;g%hé:é?oﬁ f}ﬁ}ﬁ P%&B% o mac%mcﬂecfﬁgp crow&mg on a one-step PCR

can be greatly helpful in automating the PCR. A reverse transcription system is
combined with a PCR amplification system such that at temperatures conducive
for reverse transcription, the PCR amplification is prevented and when the PCR
amplification takes over after the RT has been synthesized, the reverse
transcriptase-system gets inactivated at the high temperatures of the PCR. This
is essentially the principle of the one-step PCR. Incorporating a single
macromolecule or combinations of different macromolecules according to the

invention, for example at biophysically predetermined concentrations, enables

.enhancement of both reverse transcription and PCR amplification in the same

tube without having to add them sequentially. This application represents an
approach to simplify current PCR technologies and to lead to methods to

automate PCR with an intention of using as less an amount of the target and
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1. Single-tube PCR The application of the principle of

macr onol ecul ar crowdi ng on a one-step PCR can be
w@e@anisgshel pful in automati ng the PCR A revePGESG2007/000248

transcription systemis 20 conbined with a PCR

anplification system such that at tenperatures

conduci ve for reverse transgcription, the PCR

anplification is prevented>and when the PCR

anplification takes over after the RT has been

synt hesi zed, the reverse transcriptase-systemgets

i nactivated at the high tenperatures of the PCR This
PCRs comwpenents wjitht mesxiimiunt iseinsitivity t ared specifioity Whikh could be

0 i ng singl e 25 nmacr onol ecul g, or .
PSSl 808% 0 oPo ek riRTIaHonS b bS ate e pltain large
amblats dfrirepitfication besduxanpl e at bi ophysical l'y

predet erm ned concentrations, enables enhancenent of

both reverse transcription and PCR anplification in

» C /) 'I ~ O o Ol () 5
2. Mt@p 5) Itl -Mlcg(g ].l;ig,'!.j‘ y!ﬂl_‘ In  approach
Retents? ORl silfopncehipe febriegied esingMBNIS teobntlyiee hR@0sHdwn great

T MY i oI e
DNRCTE 263180 74 AP ¥ 'on3§>{|85§s°° ANGBEGcM ¢t Eg%?pg?ﬁ% 4 reagent

sensitivity and specificity Ich could
conshiorptionr Misrazchipsdeyiogs baspHi PC&afororapid afidgissisilf ebdaterial

] e S b B e LA et o
maBepesibcieRcidd&ion & hhipfodhiiP IFORISA M 128 @%ﬁkﬁy enhance the

techni ques have shown great potential for C
abilifitppf ftheasysam Thelarmsoaf tsensitivityi aadt specificityl der aliagnostic

I 8 i fication process wth
purBBEEe P sl YREORME BTt P BRTRR Erdiighep at the
cortbentrationd et r&ERffidnt fapeflecirmovsiste etclbisieh @bhde AQseful

i nfection and anti biotic resistance genes are known in
PrOPRBYart. Incorporation of a macronol ecul ar crowder in
a mcrochip PCR system can greatly enhance the
ability of the systemin ternms of sensitivity and
3. icafiors inyfofensid neglicise i archaeoipgs emd aitierdpois

Vi sity of the nmacro cul ar crowders at. the
The! sREBA A e bt Belis, PERAE farTeuisdramscr Plien i ghe presence
of ¥OWHFR) @¥CtHEBItRE SPNAPRaRsdHiE Wre in high copies is beneficial to

applications in the field of forensic medicine where, more often than not, the

availability of a sufficient amount of material for RNA extraction is the key to
solving many medico-legal/criminological issues. The same application can also
be used in field of archeology and/or medical anthropology for detection and/or

identification of genetic linkages for population studies, or the like.

4. Commercial kits

Development of reaction buffers with pre-included macromolecular crowding
agents for different molecular biology applications such as PCR, reverse

transcription, restriction enzymatic digestion, or the like. These buffers may be
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15 property. 3. Applications in forensic nedicine,
ar chaeol ogy and ant hropol ogy The ability to use | ow
wa@rmaniss3of RNA for reverse transcription in tPEr/SG2007/000248

presence of crowding so that the cDNA transcripts are

in high copies is beneficial to 20 applications in

the field of forensic ﬁEdI% ne where, nore often than

not, the availability of éssuff|0|ent amount of

naterlal_for RNA extraction is the key to solving

many nedi co-1egal /crim nol ogi cal issues. The same

application can also be used in field of archeolo
provigled/ @s merepaciedanptanvyed ogglutiens dandcareorFamiy/ Biegr rhted in

tif t i nk
e DS BL1", e oo

Con}p@g/fsgﬁg rprg Ctbp apr%$ea nﬁﬂgrtéf ﬁ{ S\//é\f(\'/\ét Br p%ﬁsﬁr)gf 's't'l%?é’gles The
compghé‘&r\i lapd/dt Gikegssian ﬂ’idr@ afd @dﬁlbwd‘loaby HeEh ascerasple with

anscrlptlon restriction enzynatjc estio or the
refeteirice. tommemﬂm@as’gaﬁ%jﬁ%@%'%o% r&%%gfo be’lirhiting.

PCT/ S&007/ 000248 36 provi ded as prepacked, prem xed
Sﬁ‘éké&lé?ﬁ@oﬁz‘é@ BIodtiRfse Feadtivnegperifieityi . preexi sting

: bi ol ogy klftS Conparison of the present

i nventio t .

gl et S SIS NRRAh IR 8 rfRct ofpy el

amp@i?%?l{br?%e&é’tﬂiﬁ)la?e Willfed 2nbelisee e tie tagee BNAssourge for a
egies and 1t 1s not intended to be limting

sec@d aea@oassmwml‘ed diffewt isat-ef primets @nu%&qrﬁq@ﬂang fo

seafhatic Reslad HoPE, By et FRRECsdf RIS nrkEpcton. The

presiidtUh@shtRidaddreds@s tid prosiegeby wdingr the POR r@ac’uon buffer

second reaction in which di ff
to pisElS dor rpSEBRAPINgNG0o thes Gaeh RA Bt rl) baEmestte to

forrribré S%tﬁﬁlle érﬂabﬁ %ﬂ%?dati thd Ihfarft'éfsﬁhé eacki Ath. FiBRce when

ven resses I's probl em by crowdi ng
conﬁbﬂﬁ?rgﬂ’QB ﬂ?anﬁssted PCR dhe methmdonbtlee presantdovention does not
i nding of the t

e i b o5 BF e, B TR, FRAEF T8, T oo

redi&8s tHéeﬁ‘L?rﬁbléPSf‘steps that mlght be required and hence reduces the time

consumed for each run.

(b) Hot-start PCR. Mixing of all PCR reagents prior to an initial heat
denaturation step allows more opportunity for nonspecific binding of primer
sequences. To reduce this possibility, one or more components of the PCR are
physically separated until the first denaturation step. A popular approach is to
use a specially formulated wax bead designed to fit snugly into a PCR reaction
tube. The reaction components minus the enzyme and reaction buffer are
added to the tube followed by the molten wax bead which floats on top and then
solidifies on cooling. The thermostable polymerase is then added with buffer. At
the initial denaturation step the wax melts again and rises to the surface
causing all the reaction components to come into contact with each other.

Another approach is to use a polymerase that is chemically-conjugated to an
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conpared to the nested PCR the nethod of the present
i nvention does not 15 require two or nore sets of
weeiosmiss3and hence is much sinpler. This al so PCESGO%000248

the nunber of steps that m ght be required and hence

reduces the tine consuned for each run. (b) Hot-start

PCR. M xing of all PCR reaggnts prior to an initial

heat denaturation step alfows nore opportunity for

nonspeci fic binding of prinmer 20 sequences. To reduce

this possibility, one or nore conponents of the PCR

are physically separated until the first denaturation
antisodythat ppe\mntananammtlm of the enzyms eindl wpeviibhag been heated

f or mul bea ed t t
to th gEefietol P AL EeBe T U™ A B psiEms).
Alth@G?M ”ﬁo{iﬁi@rﬁ @R |i8Na bigfiifsefe alﬁw@ch@fﬂﬁmd fbro ehberitigl beon-specific
d by the nolten wax bead which floats on top

binding, {ieopressnt GIVERfion EEraHS tH8| Ysegof FHESS FEFRIRX ghPUMe that
st §3R 4 Bl MRS LBt s ey | S0 the

surface causing all the reaction conponents to cone
i nt(e) dewichadowit tPCRadYiosk Mgrmal spysiersr capph@ ReIrammegd to

e, B SRR i Sk OB b ) ARLRP iy

durm@er@rP@Ra?bhﬁgtfromtah wiitiell hvalwn apove s ekpadted Tt tdiasvalue
been heate to the denaturation tenperature (ed’

beldwnhé Taq Ryokekging théspiingsthdpi ofshydirieimafion initialip wehy high, the

Hot-stdlt PCRis a fail-safe mechanismfor ensuring
formadmars pfes;blincms froddtisgis diseoyraged raliowing the expeeedisesuence

to QRQOHGabERS Tha OREORISHAN Srans asiting, o fp present
lnvérﬁ?onTQHélré foWB iR tm%tprbbﬁérﬁaﬂheccﬁléﬂ anfahePPCR may still

progranmed to performrunS in whi t he anneal i n%
proceeqberuadar ethes samer ciemparatinentseftings dae i hgfarre Pars the

tial value above the expected TMto
rep!:i "CM@‘V g?to%% %&m By keeping the stringency of

hybridi zation initially very high, the 10 formati on of
s pud) Em@apcweot ef P§Rﬂbxwunu@wlarawe@m agmohdes. Osmolytes,

su AR RSB R MR Mg sypan mocuter
Wellgﬁ‘t/ %Biﬁp%ﬂndtmgﬁsT:éY Help edalife telefinee eMsdeacysateria. The
mechanisms of action of these small molecules is rather not very clear. It is
described that they function by thermostabilizing the proteins and destabilizing
DNA helix. However, the report (Spiess et al, 2002) notes that these effects are
evident only for difficult templates that have extensive secondary structures.
Hence the effect is to simplify and linearise the secondary DNA structure (for

example due to a high GC content). This lowers the Ty, of the template and

indirectly favours polymerization at a lower temperature.

The effect of the osmolytes is to denature the target by breaking down
secondary structures. This may not be the exact physiological condition for

ensuring high fidelity base-pair matching for complementary strand synthesis.
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proceed under the sane tenperature settings as before.

Thus the reproducibility is not affected. 15 (d)
wendvancsseent of PCR by | ow nol ecul ar wei ght osP@I/§GE®7/000248

Csnol ytes, such as betaine (trinethylglycine), are

natural ly occurring small nol ecul ar weight conpound

which may help in saline tolerance of several

bacteria. The nechanisns 8% action of these snall

nol ecules is rather not very clear.. It is described

that they function by thernostabilizing the proteins

and destabilizing 20 DNA helix. However, the report
Thef&preshe eidvahtag%@(]ﬂ)sumhtmnpdxmds bes aoteémﬁm’ablmfoe situations

evi dent onl for &!{: Iatest at. hav
whegg bR dmpeo of tpesp 8afiqn, peale fis Sapehtfor;rgasons
oths%roth%h NRL 'cfnﬁ’rc@l‘ﬂ Qerlnb%?é‘ %hﬁleacrté}?stﬁg cenen rdfhé?’\!ﬁf 148 t#E 8vhen

exarrp e due to a GC cont ent ovvers
therehie allowofoncestrationobthe wngiet nremme@bemzwrmgammwts available or

t I t t 25 Th
nioff FTEPSE A e edtitedt B EIPENEH & BurpglermfnE bt Bffanst i
desﬂ@wnn |§ @@nﬂ@@w $idtUe hbs @9t bEBhSsHEWh tmatt thésd BemeKass offer
physi ol ogi cal condition for _ensuring hl,ogh fidelity

anypa@eaniege iminaaasind floe edpcldiyand yiald chdbe Jyaa pel¥merase
andv‘@i/any? M08k %@%ﬁ%ﬁgb’éﬁ%ﬂ%&%@ﬂg %%e;mﬁ ?Cagf%mFgﬁ due to

ages o uch co hSt e

thesncbrltu@;\ysiobgmdn%ta;dt?l@hWr@eshnbﬁ]EDN’A tlrlﬂethBC&esence of high
anplifjcation profile ght fof reas s ot .
amoyia phéheriosmla Twﬁ%dc@gpa@@.fgt "invention

apdﬁ%@ %ﬁee Bpgagleeéf @i udLE Voidrhe E8idcs (BvEPW Féapu%@rthé fatmanm of

uced enzyne anounts’ avall abl e or
enzyimgh emeatigab dfor oampyfariai@nr e&mqeedheocrcwhd vﬁnmoa;ment is a

PO eoE tegetor SR SahneRsing Ratce o5 DR fotdtterterea
Wltwfaf'larthlsaﬁéflp§0lhérﬁc$ﬁﬂefé§e' MCAEAIRG B et diftrdit Gdeigalist & a high
yield of the Taq polynerase and fidelity of the

fidedbyzynme. Per haps fi delity may even be conprom sed due
to the non-physiological structural changes of DNA in
the presence of high 10 anmounts of the osnolyte. The

) BT “of “Exel uded ol ume B fect (EVB) to reduce
Se\t/ehrgl et un%sshg\f/e been proposed to improve processivity of polymerase.
Approaches taken towards this goal till date are:

(a) generation of a chimerical protein containing a heterologous motif or
domain for binding to a known processivity factor, such as thioredoxin (U.S. Pat.
No. 5,972,603) or PCNA (Motz, M., et al, 2002). Although improvement in
processivity was observed when the chimeric protein and the corresponding
processivity factor were used together, the application of this method to improve
PCR has not been established. In a different approach, a replication compiex
composed of multiple polypeptides isolated from T. thermophilus was
reassembled in vitro. Although processive DNA synthesis from single-stranded
(ss)DNA template was observed, again, utility in PCR was not confirmed.

(b) WO0192501 describes a constructed fusion protein of the polymerase

with a sequence non-specific ds-DNA binding protein. This may be beneficial to
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enzynme needed for anplification. Since the crowded
environnent is a physiological condition for DNA
wayslesss, the structure of DNA i s not interfRCENG2007/000248

with and this hel ps the pol ynerase in adding the

correct base-pairs at a high .15 fidelity. (ii)

Processivity Several attqu}s have been proposed to

i mprove processivity of pol'ynmerase. Approaches taken

towards this goal till date are: 20 (a) generation of

a chinerical protein containing a heterol ogous notif
domain for binding to a known processivity factor,

polygigERSe SPERIIBEIGRP (EtReratise. HONGVEBIcy FLTs G)pIBRai@nAnis
cone(tp&tté aM haio thrga@q eﬁh &%ﬂ%@d BRI N
S obs ved

proce SIVIty nerlc pr ot ein
and the correspondlng processivity factor were used

he | ti f thi t t 25
Altnosiht B Pieplid SRR e At arosessint; fRueloninontis: Screeds
com@lelfxeﬁiétﬁ@dd OThé PFBseht inGONRSs & pakedUbd 'n%lnep \thde strategies

pol ypeptides isolated fromT. thernophil
that ege swapler dwan thevieposied Aeehirigyss.pit ascalssupossibmo combine the

BBl BTt e GRS LIRE YRpget
eﬁemowaﬁa&emw | Aesordingin theupiednt Usvdntionr BFcﬁhd‘e§3fa novel
't he I%‘merase 30, with a sequence non-specifi

straiggy rBNA? PRAER e protassivity Thitke pelyrperaseryr a @eaenc @ndgpurely
phys%@Q%Q&%gm%t §6€Q Qéogﬁglzﬁ% c %@lxs}’ BF %?I CE %bbﬂ%nd

roomte wever for

can bblLt'sedondlsmérndHntlagmlm chltabdratigo withrpyidg |$tr’et§gles in this regard.
tenperature cycles of a PCR Although the peptide
factors increased processivity, developing the art

Lg@.eds 5 cggg%ex nmet hods. The present invention is
(iii) EfHciegcy P AdreBept i de strategies that are sinpler than
the reported techniques. It is also possible to

As e)(;mduned daiter, tthe lefiidionyy of @ostdhdard POR@isuUBMEAFbE below 1
t| de strat e%es for synergistic effects

he
(1008 m"@te@g regressiBoPHitgRy cyeles: dpgwstionnet mripers and
i
MR G e i i e
proq&eshﬁmlcﬁ rthe rerzydwe and emainteof theePCehprdduch peofcytlee Hence
ch, and
there is eﬁICIency drop at later cycles. The exponential phase of amplification is

confined to only a few cycles after the CT. Using high amounts of enzyme and

primer concentrations, the efficiency of the PCR can be maintained for a longer
time.

Macromolecular crowding speeds up enzyme kinetics by stabilizing the
enzyme-substrate transition complex. Hence by a multitude of factors, such
increased binding affinity, a more structurally and functionally stable enzyme,
stronger hybridization, the exponential phase of amplification can be prolonged.
This can yield a greater amount of product ultimately.
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can be used i ndependently or in collaboration with

prior strategies in this regard. (iii) Efficiency of
W@2008R18839 expl ai ned earlier, the efficiency ofP&I/SG2007/000248

standard PCR usually drops below 1 15 (100% wth the

progressi on of PCR cycles. Exhaustion of priners and

instability of Taqg pol ynerase occur after repeated

heat cycles. This |owers th processivity of the

enzyme and anount of the PCR product per cycle. Hence

there is efficiency drop at later cycles. The

exponenti al phase of anplification is confined to
Aceipingly, f withc Jloe epresentrinyértia . it Usas godery hdeamonsttatedf that

oY e P A il e
cDNActhatrobr dittarn @Iseitdh 0 gRRAROFHICHIsBAZIEmNK! SRrdC él?ﬁ)& (ds-

bilizing the enzyne-subStrate transition conpl ex.

CD&é‘ﬁ@@%? FLRVRI t ude of factors, such increased

binding affinity, a nore structurally and functionally

stabl e enzyne, 25 stronger hybridization, the :

exponenti al phase of anplification can be prol onged.
Aceiflingdarbayiieylar empdinments dimsunvertionpredates to:ul t i mat el y.
WD 2008/ 018839 PCT/ S&2007/000248 40 Accordingly, with
() themstheedaiegy ntenusenhigh hasldvatr deightstmatethdlbailes or

corfiBRARON i Bof 88 AUl CRR AT Blrstias dblogy appicRians in Vigo,
separgiedabl ¥n cOATARRRM, I85OMTbrolvEa oA (b‘?(ﬁégi?:%says and

after a PCRrun. 5 According to particula
Prof&aa9dtli ment's, the invention relates to: (i) a
met hodol ogy to use high nol ecul ar wei ght
nacVV(blﬁfﬁ!Iegm srasemotemute (a)pisi @ narlbiohgd exté-based dehdrom@secule

¢ poey o o e ; >
s g Dhefidl SadhBhae pRdhaving avasierslascupiant of
bi oKD 5GOKDBY, prérFably PoRfrRERCEH Fucos& Kidhoddre

macr onol ecul e(s) is a carbohydrat e-based nacronol ecul e

exhnpetdinghd MEBEGRE biI6HP PRI ANFE UM But are not

nmol ecul ar wei ght of
limited to:

- Complementary DNA (cDNA) synthesis or where appropriate, the first
strand cDNA synthesis from total and/or messenger RNA extracted
from biological materials. |

- The said biological material may be derived from sources of human,

animal, plant origin, bacterial, fungal, and viral. Either freshly prepared,
archival or ancient.

- The methodology of the said synthesis of the cDNA from the extracted
RNA is based on standard enzyme catalyzed nucleotide polymerization
procedures by reverse transcriptases derived from such sources, but
not limited to, the Moloney Murine Leukemia virus (M-MLV) and Avian
Myeloblastosis virus (AMV).

- Amplification of the synthesized cDNA or where appropriate, the first

strand cDNA using DNA polymerization enzymes.
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w0 p008/018889 | ncl ude but are not

50kDa to 500kDa, preferably polyners of glucose or
sucrose. - Werein the nol ecul ar bi ol ogy applications

Conpl emrentary DNA (cDNA) synthesis or where
appropriate, the first strand cDNA synthesis from
total and/or nessenger xtracted from biol ogical
materials. - The said bi ol’égl cal material may be
derived from sources of human, 20 animal, plant
origin, bacterial, fungal, and viral. Either freshly
prepared, archival or ancient. - The nethodol ogy of

t he Thied ssitht areplificatibnt lechoiides rioniudee lettt rr@ctt dohitefNAo,
IS sed on § andar d enz

Do RFRERPEERE: GhamS et (e By 2P avEPaderys fiarpeasugh as

demedel TFOR) HéERtFPUPCRS, lnbe'ﬁsezﬁ’dl@t ahb MRy éﬁhpllﬂé&lon
Mol oney Murine Leukemia virus (M V) and Avi a

war@mmﬁet@hm lﬂaﬁ\(@E\M@pld- ampjifi¢ationaet @Hl‘bﬁ’f etnﬁlé) solid
he f
oY Pse e e (R BT SRR ot | onenzymes. | v

2oo 01883 /S 7/00024 41 The
npl (195 SR PHoRay it oA RiTcaiieh f5.92%kst B trpbaigups that
PoleyABIb R TONANsdIpmERRE EARMESerRBd fraHI theAAGPINNG bacteria

t her eof such as’ nested PCR, hot-start PCR inverse

PCncladigotihér nefplimitedattponl hasmsise castugdicysic hl hermreRbius,

( n‘g:R} geggﬂs f&h%@;p\? Oes%?%&%?%%a ﬁguﬁno%éytpﬁ@ﬁﬁ?lted to

DNAE @i buéh aerDNAqadimerhw TreDNAI pphwraetdsat errpl oy
DNA pol ynerase enzynes derived fromthernophilic

- bactrid thethtddiggy B UNJ‘R aRlifichtidh Behyt I9e THATaWISUL at specific

aquati cus, Thernophilu Pyrococcus furiosus and
nesi@mmarawrefaeteé@d Vi ﬂlﬂ geRmgaeiyrernwhichi mavelacwe bat not

s K BB SRR R e e REME RS suoh

outasat37speciahdc repeated thermal cycling at temperatures for DNA
denaturation (e.g. 94°C but not limited to this temperature), annealing
of primer (e.g. in the range of but not limited to 45 to 75 °C) and
polymer extension (e.g. 72°C but not limited fo depending on the type
of DNA polymerase).

- The methodology of DNA amplification may be monitored real-time or
by determining the end-products of amplification by visualization of
electrophoretically separated DNA bands on an agarose or a
polyacrylamide gel.

- The methodology of real-time monitoring of DNA ampilification may be
done using fluorescent technology such as fluorescent dyes that
specifically bind to synthesized/amplified double stranded DNAs (e.g.
SYBR Green 1 but limited to this dye) and fluorescently labeled primers
which their accompanying technologies such as, but not limited to,
TagMan technology. The fluorescence detected may be quantified as a

15 limted to: PCT/SG2007/000248
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tenperatures stated by the manufacturer which may
include but not Ilimted to, anbient tenperature,

w@bosiotdseyi cal body tenperature such as 37 C BEmSG2007/000248

repeated thermal cycling at tenperatures for DNA 15
denaturation (e.g. 94C but not limted to this
tenperature), annealing 4{ primer (e.g. in the range
of but not limted to 45 t0275 C and pol yner
extension (e.g. 72C but not limted to dependi ng on
the type of DNA polynerase). - The nethodol ogy of DNA
anplification my be nonitored real-tinme or 20
devafamelehg theé edgppndaiuces ofthenprpheenifation byof DNA

Vi §gfﬁhb§§é8/& fﬁedel ectrophoretically separated DNA
bands on~an ag[grose or a polyacrylande gel. - The

met hodol ogy of real-time nonitoring of DNA
anplification nmay be done using fluorescent

Thet ARRASHEBYUBUEBCAEIN] t&ﬁﬁéqﬂ%ntﬂirﬁméyh? fave2® hydrodynamlc
specifically bind to synthesized/anplified doub

radigs rrangde csiznes $rmgto §QBRmGléelhar1|Cb|@f 7nm ﬁ@@cmmtm%e in

partfjc)ﬁ@r ﬂﬂ\% fté %Fe C%ﬁ%{e&é(g?lg%?elhﬂ& |O|‘:| u t Cll?ast ??éalus of

acconmpany S SucC

4- GriﬁaoﬂvwnFtcen mmkré@wmm & IragiussaretBd4det amwdmgap qe DLS
uantjfied as a 200?/ 018839 PCT/ S&007/ 000248 42
reSLE fhepe pgrre WHPAIRISIWA 48 concentration of DNA

syntheS|zed/aan|f|ed The macronol ecul e according to
the invention may gave a hydrodynanic 5 radi us range

) R T oo R il BByl B
whdreipol | 70(Fc70) has a radius of 4- 6nm and Fi col |
400( Fc400) has a radius of 12-14nm according to our

Dirfe nigtabd t|§ baBed tdreEgsatdighe S\Mattémh peihdipleetodedtinatéhe
é’l i ). A biophysical methodol og eterm ne the

Fupien meepbinignty @fomererpEpiect %éﬂeﬁﬁ'mlomhé”ﬁehﬁﬁ‘éﬁ i teir
Ith’szogrﬁgyr%lnfcarﬁ@ﬁ bl bl R atHerhatid BELN&idHS to estimate

- The estimates of said hydrodynamic radii are applied to determine the
macromolecular concentration for the maximal or optimal volume exclusion
effects with minimal viscosity changes of the said macromolecular
solutions or combinations thereof at the determined concentrations limited

to the specific biological reaction.

(iii). The method of synthesis of cDNA or first strand cDNA as appropriate,
which involves addition of macromolecules or combinations of different
macromolecular species thereof, into the reaction mixture or buffer at

predetermined concentrations.

(iv). The method of identifying the ideal macromolecule or combinations
thereof that is/are thermostable after repetitive temperature cycles.

(v). The range of the macromolecular concentrations for optimum crowding

under conditions of pH and electrolyte concentrations for first strand cDNA
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di ffusion coefficients of macronol ecules in solution
and hence their hydrodynamc radii by sinple

woredoRionsssd cal deductions. 15 - The esti mates oPCESGZ07/000248

hydrodynam c radii are applied to determ ne the
macr onol ecul ar concentration for the maximal or
opti mal volunme exclusion effects with m ninal
vi scosity changes of the 43i d macronol ecul ar
solutions or conbinations thereof at the detern ned
concentrations limted to the specific biological
reaction. 20 (iii). The nethod of synthesis of cDNA or
syntfiégist wisichds thas&iNbnathe asimationadfeydrodiyreimicrradii bg slynamic
. ,.addjtion of macronol ecul es or conbinations of
light gcaf@iiRtht  nacronol ecul ar speci es thereof, into the
_reaction mxture or buffer at predeterm ned . .
(vi). dbrdRthost olaprepaning e macteraolactia Fodtiangaidern phygioladc
. - I, .
condiflf Wi N AR EE a g ek SoMBh BBRMnS I Zekieh e than 2
cP (2mPlaes. (v). The range of the macronol ecul ar
concentrations for optimmcrowding under conditions

(vii).0ofTheHeffa6t @fesdditbitef ¢anceiid r maicesraoleauleti bitthet clanded
cDNA WD 2008/ 018839 PCT/ SG20Q7/ 00024 43 synt he?fi S,
moleghiash Waidhiagh e S anearialpEn 161 YR oA BURERA 2
revel¥e ﬂ%ﬂ@gﬁgﬁlcﬁ ttioR %@%ﬁép@& thé Yidid oF ife BRAMIRAS ©F the first
preparin e macronol ecul ar sol'utions under /
strapd g BNA thgiscsyntitasitiad omdenthe Isaid srovsiedi @mditfonshe sai d
solutions confined to values less than 2 5 cP

(viii)( 2rivasettod iof . cofhisinitlgf @sdreotharddirtd aypefoft hmcsandlecular
macronol ecul es of the clained |, I_gcul ar weight at the
speags fPrdbrsevrersatlianss iplirrraastiopdattion buffer of a

~_reverse transcription reaction to enhance the yield or
(ix).t Neneansambinasiont hef fdifferent stpagrematpeviesu gt s predpieiniegd

orolln fcRh AU AR, 0 (1D The
0. TREPRRI o lthShE B 82 slilifia BHFA By PERTRAPHvBRes
addition of macromolecules or combinations of different macromolecular

species according to the invention, optionally into the reaction buffer at

predetermined concentrations

(xi). The range of optimum concentration of the macromolecular solution or
combinations thereof, preferably under conditions of pH and electrolyte
concentrations for second strand cDNA synthesis mentioned in (x) by

measurement of the hydrodynamic radius

(xii). The method of preparing the macromolecular solutions under physiologic
conditions with viscosities of the so-prepared solutions confined to values
lower than 2cp (2mPa-s), in particular in the vicinity or about 1cP (2mPa-s)

(close to water).

(xiii). The effect of addition of the said macromolecules of the pertinent

molecular weight, preferably at the said concentrations, into the reaction buffer
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(ix). The conbination of different macronol ecul es at
predeterm ned proportions inproves the effect
woreowsioossed in (vii). (x). The method of syntheBCESGL007/000248
second strand cDNA by PCR, which involves 15 addition
of macronol ecul es or conbinations of different
macronol ecul ar  speci es according to the invention,
optionally into the reacti dd buffer at predeterm ned
concentrations (xi). The range of optinmm
concentration of the macronol ecul ar sol ution or
conbi nations thereof, preferably under conditions of
of prevade diapstription reacBon eerReMRNCathE Vel & tRE&PRGLUINts of the
. Stran synthesis nentjoned in (x) by neasurenent
f'fsﬁ?ff%wgct?? FYRiNesized; underihe pstimatecheriomsigdatonditions.
_preparing the macronol ecul ar sol uti ons under
(Xivy s eansgniratienshaiefersed rangenfroms2 52Grmefnldor Ficell 400.
so- prepared sol utions confined to values |ower than
(xvpEpe (methad 9f combiniag therel thani one typevdfanacroynaeculhospedes

- 25 .(cl .t . (xi.ii). The effect
o e G5AT% Bfuhl i Gt ol o e 17
v ortitieh: POmPERESH o, AFRrS apceampiepilas ves  bredetemmined
proF@ﬂ%n@lﬁﬁ?p%\P&T | &2 O R0 Siorfed QE a&)/(fiiz.vefﬁ§ determined
ranscri ption reaction to enhance the yield or the
corabipatier isop miKiaire bf, st not kinited ¢ONBcoIhT8 angrFibeb40@d

under the estimated crowded conditions. (xiv) The

(xvigohlee method ai capryefeouttbve st trahsQiptidonSin 2 owdidg Eefditions
an one

. iCl 00. h hod, of  conbi ning nore t

in Jbigets MALh oM Pl oo QBcesinas ViR of Fes Fisy atgad cDNA

Thd fp@@fé@ﬁédPéHQHvél@%Hdﬂth"%ﬁy e 76 dtVh  doncbitthtion R 7.5-
conbi nation of differen cronol ecul es at

15mg/atidoe the aeaealingostep taf eligo(dipriovbs RINA @fd adombination of

FortRE el shy fieagble pif o SUbREGurt HovRy=Rem Rich o

. firséiditand sDNiA) syhiigegi®t hod of carrying out reverse

transcription in crowding conditions 10 in 2 phases
(xvillRYT He \effebplof edd ffidre o B §4i8 Hd@&m%le%h%sogrté@nﬁihéﬁéns

strand cDNA. The preferred art 1nvolves addi ng only
thersiof 9| theopertinant srdesulamweights fat ths-said concentrations/mixed
concentration proportions into the reaction buffer of a reverse transcription
reaction is claimed to enhance the processivity of the reverse transcriptase
globally, meaning, increased yield of cDNA strands, longer cDNA strands,

better quality of synthesized cDNA due to increased enzyme fidelity.

(xix) The effect of addition of the said macromolecules or combinations thereof
of the pertinent molecular weight at the concentrations/mixed concentration
proportions into the reaction buffer of a reverse transcription reaction
enhances the yield or the amounts of the first strand cDNA thus synthesized

under the estimated crowded conditions

(xx) The effect of addition of the said macromolecules or combinations thereof
of the pertinent molecular weight at the concentrations/mixed concentration

proportions into the reaction buffer of a polymerase chain reaction enhances
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15ng/ M for the annealing step of oligo(dT) to the RNA
and a conbination of Fc70(7.5nmg/ M) and

wOo-2eb80(8B3bny/ m ) for subsequent pol ymerizati onPGI/EE2001/000248

first strand cDNA synthesis. 15 (xviii) The effect of
addi tion of the said macronol ecul es or conbi nations
t hereof of the pertinent q%%ecular wei ghts at the said
concentrations/ m xed concéntration proportions into
the reaction buffer of a reverse transcription
reaction is clainmed to enhance the processivity of the
reverse transcriptase globally, neaning, increased
the pensitivibf ot BIAPSR dad{groeb degtectiobNmdsr rthedsstimaedberoweed
%rality of synthesized cDNA due to increased enzyne
CONGTgRtity. (xix) The effect of addition of the said
nacropol ecul es. or nmbi nati ons thereof of the.

(ocifyEhe PResk olAsian aftheeseihmasrompiecular Rambinafiers-ihesee!
of t@Wé@tme@cumr%&@ht B0hé ohcbRfafiGiRIknel BohéSHtrton
a reverse transcription reaction enhances the yield
propurtiomes irdodbe reactfont bieffén olsa polyraerhiseBiain eaction enhances
synt hesi ze under .t he estimated crowded conditi.o
the &R S Sadds BER BRGia iR mbp AR RECeER PR iR 6T =

PCRr conbinations thereof of the pertinent nol ecul ar
wei ght at the concentrations/ m xed concentration

(xxilpy TR EHERS of BidRitidn® of RAEL A8 RidtfdiholBEuRsPE YoRitsAtions
chain reaction enhances WO 2008/ 018839

thereafl/ §GAbe7 pediesg mideciar swaight | @i tiheofconeentraliorisgmixed

tar.get detecti.on under, the esti owde .
conf&ifRlart, PLSEqr@Rs HRE e btk "BUEHH, B itvmerass; ghain
readtREY QIBU St @singra frastbmiAtdradent sfefottihe sWncehgation of Taq

pertinent nol ecul ar wei ght at the concentrations/m xed
polysagresatfena detectaplp eapdificABPR. i nt o the reaction buffer

of a polynerase chain reaction enhances the yield of
(xxig)pEle BidditiPCRTihe daid meassemlastitesoeracerdbinations flereof of the

ti ' f PCR. i ). The.effect of L
pertyfet Rl ettt et B8 oroneshiRnBor Biked, cBReeitgRn
propdiEioRer intoenite MpdAstionarbyiRirgldf & pdigmerase chain reaction

concentrations/m xed 10 concentration, proportions

maintais/inprroves e efficiancy of the P evemat bighes pamber of cycles
(xxiv) The effect of addition of the said macromolecules or combinations
thereof of the pertinent molecular weight at the concentrations/mixed
concentration proportions into the reaction buffer of a polymerase chain
reaction reduces the error rate of the Taq polymerase and contributes to

improved fidelity of the enzyme to incorporate the correct complementary
base

(xxv) The addition of the said macromolecules or combinations thereof of the
pertinent molecular weight at the concentrations/mixed concentration
proportions into the reaction buffer of a polymerase chain reaction functions
as a ‘processivity’ factor to keep the enzyme-DNA complex intact for a longer
time period, thus helping synthesis of long DNA strands in a PCR.
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reaction allows for using a fractional anount of
routine concentration of Tag polynerase for a

waledeoisskd e anplification. (xxiii) The additi oPCD$G2002000248
sai d macronol ecul es or conbi nati ons thereof of the
pertinent nol ecul ar weight at the concentrations/ m xed
concentration 15 proportigns into the reaction buffer
of a polynerase chain reaction naintains/inproves the
efficiency of the PCR even at higher nunber of cycles
(xxiv) The effect of addition of the said

romol ecul es or combi nati ons thereof of the
WVW'@PF%?'%M%&W ingepighethatevieree digmssripticon Podd FRxiga

smg?é"i‘lﬁ’c%“ﬁ)ﬁ*thé’noﬁé %Féb”’tlbeﬁsnié%ﬁ&ﬂ tlé‘g:leflﬁ%%lt P Reditidf feh tter

ol ynerase chain 20 reaction reduces the error ra
ampﬂfucatm Meadilep hat rentaneearadl afore mdntibasd tRCRI pmame@ks The

el i e S e PRSI gLl uitabe
for rEGHbARBbACWIEPOR CRERI MHIgHEE e BRph9Sichheprinciples  of
pertinent nol ecul ar wei ght —at™ t he concent rations/ m xed

mactemelastiadt cowding witlgbet fashisological t advansestants ibuMEMS
devidhs forR0 L HTRE ﬁe?@ﬁg‘?tf[@%&&' on functions as a

processivity ep the enzynme- DNA conpl ex
| ntact for a longer tinme period, thus hel ping

Havﬁg‘_ %f%é/}% O%@%%c% ?ﬁé’ tibR, the ggm V\QIIFQQ \Agilé%ggdlly

XXVi Ctomolecul ar cro
undetfstchmi throegte referemeentoc thiepfiollowingneix&tGRiesnwhich sira girevnded by

ey 3 Righ 5 5S¢ P TR i b bt Brenin.

enhances all afore nmentioned PCR paraneters. The
beneficial ram fications of the one-step PCR nethod is
claimed to be suitable 5 for automation of PCR thus

Er!dging t he bi ophysical principles of macronolecul ar
E ng with the technol ogi cal advancenents in NMEMS
devices for a robust RT-PCR instrunent. Having now

Stanﬂfé?&ﬁﬁbiééu%?sl%lo%?d g%ﬂﬁl 'u@ﬁeﬁ}i]dmﬂ{‘ in thE Q@%d"‘h{) ?ﬁcmcally-

nmore readil 10 “Under st 00 rough referen
des¢riradowiarg gaaalpllgsfo&lhweﬂ as edepswbedem [Bambvapk odind Russel,

Mol%%%grs{:tkﬁér'ﬁ N WER@%& Iolanual rl‘do| %%ntngs lia?arl)orn?_aborgtory, New
York (2001).

Materials and methods:

All RT and PCR components were purchased from Invitrogen (Singapore)
unless stated otherwise. All reactions were conducted on the real-time
Mx3000P (Stratagene, CA, USA). The macromolecules were Fc70 (70
kDa) and Fc400 (400 kDa) (Amersham Pharmacia, Uppsala, Sweden).
(Dextran 410 and Dextran 670 from Fluka, Sigma-Aldrich, USA. PVP from
Sigma, USA). The small molecules were trehalose (Fluka-Sigma-Aldrich,
Singapore), proline (Sigma-Aldrich). They were dissolved in nuclease-free water

as a concentrate and added freshly to the reaction buffers each time.
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EXAMPLES St andard nol ecul ar bi ol ogy techni ques known
in the art and not specifically 15 described were
w@ensnssy f ol |l owed as described in Sanbrook aPci/SG2007/000248
Russel, Ml ecular Cdoning: A Laboratory Manual, Cold
Springs Harbor Laboratory, New York (2001). Materials
and nethods: 20 Al RT angl PCR conponents were
purchased from I nvitrogen (Singapore) unless stated
ot herwi se. All reactions were conducted on the
real -time M3000P (Stratagene, CA, USA). The
macr onol ecul es were Fc70 (70 kDa) and Fc400 (400 kDa)
Examplerisham Phar naci a, Uppsal a, Sweden). 25 (Dextran 410
and Dextran 670 from Fluka, Sigma-Aldrich, USA. PVP

Effettsosh croivd fy th@fvé)lersjéhmmﬁbhowé@ﬂldh&mﬁwrcﬁ’l thesghelt s dirst
(Fl uka- Si gma- Al dri ch, Singapore), prol

:stra@@uc@%‘l AFIgYrers Shcr\m%;ﬁl shesnatics e \ehart 1‘.@ shmqf thes application

o ity eSS et AR

PCT/ S&007/ 000248 47 Exanple | Effects of crowding
the reverse transcription reaction buffer on the yield

1. ﬂ Kid actl&ﬁ”quC% AR FrGho ‘Hf%n@arﬁ @Bt lfl[‘Sroblasts

ow chart to show application cro
Ammdmn’c'lesme\mﬂtsme Qadlestion, pEA, 0 SAf (ATIRNG &md dlmpentfat&d human

adindeyeSohaE B P vt VATel U o L TeAER ) Ssienag, MO,
usA)SewﬂNﬁ;C)A Eagé’hfbf BV Immﬁémwan BafletRRC Yt &nbld w]s/%ased

human nmesenc stemcells (Canbrex Bi o Science
on aJsmgdlwettl@ntme rendifiepsionds inssiny & freeeephasi¢ selution of phenol

and Y] iqmPRlF MaRE Sfeoalel BRUER! Gt &

Sacghiends?, amblgl@@hénurrszsosal qeaneitiedd alseth2 i bpMRIzol, a
step method of Chontzynski & Sacchi, 1987, Anal
mormnh@ﬁ@ﬁ%fzon eEphenol @ndeuasiding ispthiogyangte TR zol, a

Cells/tissue homogenate was dissolved in a precalculated volume (1ml of
TRIzol per 10 sqg.cm dish) and 0.2mi of chloroform per 1ml of TRizol to separate
out the fatty components.

Then, the aqueous supernatant containing the nucleic acid material was treated
with isopropanol (0.5ml per ml of TRIzol) to isolate RNA from DNA and the
exiracted RNA was then precipitated with 1ml of 75% ethanol per ml of TRIzol.
All the steps were carried out in RNAse-free deionized, diethylpyrocarbonate
(DEPC)-treated water (DEPC from Sigma) or with the RNAqueous (Ambion Inc.,
TX, USA) according to the Manufacturer's protocol.

The absorbance of RNA was measured at 260nm. The quality of the extracted
RNA was determined by the ratio of the absorbance at 260nm/280nm.
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nonophasi ¢ sol uti on of phenol and guani di ne
i sot hi ocyanate. Cells/tissue honbgenate was di ssol ved
w0 poog/omsaral cul ated volume (1 m of 15 TR zol PEESGH07/000248

sqg.cmdish) and 0.2nl of chloroformper 1 m of TR zol
to separate out the fatty conponents. Then, the
aqueous supernatant contaipning the nucleic acid
material was treated wth™ sopropanol (0.5m per m
of TRIzol) to isolate RNA from DNA and the extracted
RNA was then precipitated with I m of 75% et hanol per
m of TR zol. 20 All the steps were carried out in

2. of LRMtdSEMé vy . (DILSI L puofitiric0 6 hacingolecules for RT-
DEPC)-t%g]at ed vvat'zgfi(( Dgzé]iwromgs)i gma) or with the

PCRRNAqueous (Ambion Inc., TX, USA) according to the
Manuf acturer's protocol. The absorbance of RNA was

- Dymeawior legght asczgi@ting) estimatipna of thydosdynaeiexadiast aad ggimum

RNA was determ ned the ratio of the absorbance at
congiRet R S e ede 0005/ 000248 45 >
nam c Light Scatterin DLS) profilin f
- RS Bhsedclremspbiy. aemig, Rhrmadbdniass i RER
appfcdtiopgti on of hydrodynam ¢ radius and opti mum
concentration of macronol ecul ar crowdi ng agents; 5 -

DLS based thernostability screening of macronol ecul es
for PCR applications. DLS methods: DLS runs were

DLS AethEds: DULS tiis Rarcariel Bt Jonghéh FRmEIRgIe GHAGmolecular
species (Fc70, Fc400, Neutral Dextran 410 and Neutral

speDes t(Fah0 67e0 e uted Pextran bl Liand Aeuyal Rgxitrae 630n £ 360)

sohgps B M BlypaBle RSP BBt os B Seise i 820 °€ by
loadifgR01gSsampes dMeabhamaetbradicoulan\saivtipl ITied r838iBge nwere
anal yzed using the Protein solutions software ™

obtginey iatl @dwavélbngiheoflBAERr andnanalyrerhtising3h& Prvtein aslutipns
nmeasurenents; \ﬁscositébneasurenents at the

software BEDHFRE Wihitae LyRaPE: SHHMShcent r at i ons

3. Viscosity measurements:

Viscosity measurements at the corresponding macromolecular concentrations
in Hanks buffered salt solution (Fc 70: 5mg/ml to 25mg/ml; Fc 400: 5mg/ml to
50mg/ml; ND 410 & 670: 100pg/ml to 10mg/ml; PVP 360: 100pg/ml to
10mg/ml) were estimated using the ARES100 FRT Rheometer. Based on the
viscosity values, necessary corrections were applied for the hydrodynamic radii
by plugging in the viscosity value in the Stokes-Einstein equation (that relates
the diffusion coefficient of a particle in solution to the hydrodynamic radius of

the particle and viscosity of the solution) to calculate the correct hydrodynamic:
radius.

4. Thermostability screening:

To screen macromolecules for thermostability, solutions of macromolecules
were made in Hanks buffered salt solution at different concentrations (Fc 70:
5mg/ml to 25mg/ml; Fc 400: 5Smg/ml to 50mg/ml; ND 410 & ND670: 100ug/ml to
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i n Hanks buffered salt solution (Fc 70: 5nmg/m to
25mg/ mi; Fc 400: 5ng/m to 50mg/ni; ND 410 & 670:
wao@poisso t o 10nmg/ m; PVP 360: 100pg/m to 10¢@Y/86:3007/000248
were estimted using the ARES100 FRT Rheoneter. Based
on the 20 viscosity val ues, necessary corrections were
applied for the hydrodynam g radii by plugging in the
viscosity value in the Stokes-Einstein equation (that
relates the diffusion coefficient of a particle in
solution to the hydrodynam c radius of the particle
and viscosit& of the solution) to calculate the
d

10mefmie dtVRy 86 & dy edig/ml 1iOadIDmg/mIaSalzml 2nér ofostabi sdmple was

n e cr
suSEEESTI S5 i ST SHEURLBGHL 58, APz g, DLS s
befoeel@nd raftekmhérmalféﬁﬂlﬁg warktded dhd %té‘tarﬁ'lyfsfe%rlﬁ%e Dynapro
oncentrations (Fc 70: 5nmg/m to 25ng/ m ;
SOBMYPM to 50mg/m; ND 410 & ND670: | qug/m toV\D
2008/ 018839 PCT/ SG2007/ 000248 49 10nmg/ m ; PVP 360:
100pg/ M to 10ng/ mM ) and 20pl of each sanple was

5. Fivdi seard cONBSvhisedg! cycl es sequential ly at
56C- 72C- 94C. DL¥ runs before and after thernal

Sampdé prgpamtiendone and data anal ysed in the Dynapro
irst strand cDNA s&nt hesi s

A”b‘?gﬁ'arﬁéﬂ%hm'mwaﬁrﬂf?P%'ledr%g%ﬂgn11 eagk Opﬁr@m(@ mmer and
1Ori’ﬂ\/?('o"l\!?l'F1 @r ¢RCBoRde dt%ﬂgdamd I%édﬂ‘v‘r %11%9“1\/@ U5ter. For

(for 1X concentration) and made up
crowalirg thethrst sathpleswitiengrotmaangd ersacrsmmﬁoema (Ficell FNvbioIgnvy.

400 ED TS EH S s oS 1 B o e S ation
r t

o 2o ooy SeSOUGTI UTPTHE.HE SlhaHron

as dﬁﬁﬂ@n%ﬁbﬁve(eEOﬁH@tmnhmnbmolacutaMCmg\{dlﬁg cEidoll?UO (MWV.

7Ol£[MNAméQ§% flﬂg%{vgz{@@ ﬁaalrlﬁl&eaa )[o the aandndeeﬁingqbufper at a final

anrieal 1'n
concentration of 7.5mg/ml. For the polymerization step (see below), final

concentrations of Ficoll 70 (also indicated as Fc70) (7.5mg/ml) and Ficoll 400
(also indicated as Fc400) (2.5mg/ml) in combination were prepared in the
reaction buffer.

2yl of this mix was added to the volume of RNA suspension that was calculated
to contain the required RNA amounts (eg. ~1ug or 2ug). The mix was heated at
65 ° C/ 5" and cooled on ice.

In the meantime reaction master mixes were prepared by adding the following
(for 1X):

oX buffer 4pl (5X First Strand Buffer, Invitrogen: 250mM Tris-HCI, pH 8.3;
375mM KCI; 15mM MgCly)

0.1M DTT 2pl (1,4 - Dithio - L ~ threitol, Invitrogen)

SSRT (200U/ul) 1l (SuperScript Reverse Transcriptase |, Invitrogen)

RNAse inhibitor(40U/ul) 1pl

8ul of this reaction mix was added to each of the initial reagent mix and heated
at 42 ° C /50’ and then 72 ° C/15’
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15

15 concentration of 7.5ng/ mM . For the polynerization
step (see below), final concentrations of Ficoll 70
w@ adogo188i cat ed as Fc70) (7.5ng/ m) and Fi col PCESG2007/000248
(al so indicated as Fc400) (2.5nmg/ M) in conbination
were prepared in the reaction buffer. 2pl of this mx
was added to the vol une ofgRNA suspension that was
calculated 20 to contain the required RNA anounts
(eg. -1 lag or 2pg). The m x was heated at 65 0 ¢ 5
and cooled on ice. In the nmeantine reaction master
nm xes re prepared by adding the foll own for 1
The ggver %@(%U?‘F'gﬁ‘t S@}S’I‘pl?g)ﬁyeﬁ? ?%ferS?WaW&I Boreeatl ‘gzlonc\(/pt rogen:
250mMM Tris-HC, pH 8.3; 25 375nM KCl; 15nmM MgCl 2) 0.1
MDIT 2pl (1,4 - Dithio - L - threitol, Invitrogen)
6. Seizprd shanol gPNA| synthessdercliNAmyrithesisi e
Transcriptase |, Invitrogen) RNAse inhibitor (40U pl)
Proogdgie g(imesdesigis reaction m x was added to each of the
. initial reagent mx and heated 30 at 42 0 C /50" _and _tw
Primer R0219ISt 898 Bogicon SPAMHeRs Wwere designsd sisthgdge Bigmer3
e t o n out and
Softe (Y DO TR RS R S ik
(i) Thy pries isizedwas BNEO si/lonpessich) (forlRrand eddrevénsenEP &&H.gn:

oy =2 PE i nst the. i, t

(i) BpgL BRI BE R The PathEr 3rm eof tvare (M T, USA). The
o PP S RE L S5 ) bt st o
targét ispqBende MrrandaRkingadediiees obOGiffdreént lexdhe $3° tAaE any

RP were so chosen that their conlg]cerrent ary sequences

geneghia RYA aroplifineien disifaavbseduert PCRIRPReVedences on

() BHFIRE 164808030, H0her o GAICETR,RATRY A REPDH

[aP2] elmctyyedcaggaattiyae PSEQIL NOubekgtgphagiagegaat@e®DISEQ ID

NO:2); GAPDH, gtccactggcgtcttcacca (SEQ iD NO:3),
gtggcagtgatggcatggac (SEQ ID NO:4)]

(v) Aliquots of 2uM were made from stock primer concentrations and stored at -

20 °C.

PCR mixes were prepared by adding the individual components as given in

table below:
Component ﬁX (ub
10X buffer (see below) 2.0
MgClx(25mM) 2.5
dNTP(5mM) 1.0
Primer (2uM) 2.0
SYBR Green | (1:500) 1.0

Tag (5U/ul) 0.2
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[aP2, tactgggccaggaatttgac (SEQ ID NG 1),
gt ggaagt gacgaatttcat (SEQ ID NO 2); GAPDH,
w@rt@sacisgycgt ctt cacca (SEQ ID NO 3), 15 PCT/SG2007/000248
gt ggcagt gat ggcatggac (SEQ ID NG 4)j (v) Aliquots of
2pM were made from stock prinmer concentrations and
stored at - 20 C. PCR m'xeg1 wer e prepared by addi ng
t he individual conponents as given in table bel ow
Component 1X (PI) 1 OX buffer (see below) 2.0

MyCl2(25mv) 2.5 dNTP(5mM) 1.0 Priner (2pM 2.0 SYBR
Green 1(1:500) 1.0 Taq (5Wdal) 0.2 WO 2008/ 018839
PCT/ SGR00M@t®248 51 Water \ 9.3 ‘%Faq pol ymerase, 10X

PCR reaction buffer: 200nmM Tris-HC ; 500nmM KCl and
MyCl 2 were obtained fromlnvitrogenTM (pl ati num Taq) ;
SYBR G een | was from Ml ecular probeslM5 To 18pl of

*Tad RIyreaekbONORI RCR2eagfion digRt: I¥mMETIS-HCH, BaomMidke! and
and the real- time PCR wag run as per the PCR program

MgGif hwesre obtainsd fyono privitnogert | (pldtioum #agr S8YBIg Green | was from
t enper at urg,and [ My++] concentration. Dissociation
Moleculaeprolese obt ai ned after taking the tenperature to

C.tol |l owed . h ' j
To {5588 LB R Rliire S 6 8REh6ea-
timd FCRiiderentast pegeie PER prog@anasfteratpveseary ¢pimization for
Optim zing the anneali Eg] tenperature: _anneal i ng

anneglipertampesatugy angbMardl Gamoenyiaton pPisRosiioR; cues were

o8 ey AT a5 o304 BB ORL T Bl o
and then cooling to 25°C.

These conditions were modified/optimized for different target sequences as
required: (i) Optimizing the annealing temperature: annealing temperature for
aP2 and GAPDH was optimized at 56°C, and for Collagen | set 1 and set
2 was optimized at 55°C. (ii) MgCl, concentration for the PCR optimized to
3mM final concentration in the PCR reaction mix. After PCR run was
completed, samples were taken out and stored at 4°C.

Example 2

Effects of crowding the PCR reaction buffer on the yield of second
strand ¢DNA. Figure 3 shows a schematic flow chart to show the application
of crowding to enhance PCR

1. RNA extracfion

RNA is extracted from cells/tissue based on a modification of the single step
method (Chomczynski & Sacchi, 1987, Anal Biochem 162, 156). The method
uses TRIzol which is a monophasic solution of phenol and guanidine
isothiocyanate as mentioned above. 4

Cells/tissue homogenate is dissolved in a precaiculated volume of TRIzol and

chloroform is added to separate out the fatty components.
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3mM final concentration in the PCR reaction m x. After
PCR run was 15 conpleted, sanples were taken out and
wGer@semlsas 4C. Exanple 2 Effects of crowdi ng tPer/RER07/000248

reaction buffer on the yield of second 20 strand

cDNA. Figure 3 shows a schematic flow chart to show

the application of crowdigpg to enhance PCR 1. RNA
extraction RNA is extracted fromcells/tissue based on

a nodification of the single step nethod (Chontzynski

& Sacchi, 1987, Anal Biochem 162, 156). The nethod 25

Terb 68 goBTegY o0t e e el GHa i, oated wih
o g4 el ROAE s s 1y pecpd

ethamldéti the siopgaracarird ovhis RNAsg-lisenpbRéntreatedavater.
e ZHRBRIAE3 SN SCHABLLAGPR ook Ry JPfe Bl

RNALis eatearthined bﬁ thies eticogrthe ladiserb e ait 2 6BNA/280AMDNA and
the RNA is then precipitated wwth ethanol. Al the

steps are. carried out in RNAse-free DEPC-treated

2. Dyfaflc 1Igt SREPRRCTHCY) RioRie S RcEpmaleaiing TarchT-

PcRrratio of the absorbance at 260nm 280nm 2. Dynam c
Li ght Scattering (DLS) profiling of macronolecul es for

Dyné@%r “gﬁnam § r 'ésﬂmatlgﬁabf? %ﬁ%@%%l%d% Ynd optimum

dius and opti concentration o
conc&atrabcmmbémacmmoleowamgow@mgtagelms based
thernostability screening of macronol ecul es for PCR

DLS &mskd dad imarstabilifplsSresiihg d$ mddrSmolansiiescfioe PGR abplicatisns.
for each of the single macronol ecul ar species’
sol utions as nenti oned above using the Dynapro DLS 15

i nst was carried ou 20 C by, | oadi .
DL, RRtHR| RIS TS, 65 nGerti <Ot B naey G e single
mackaveieene SpetieS ottt &NaiamieHed abblde Udthg the Dynapro DLS
instrument. DLS was carried out at 20 °C by loading 20yl samples. The
readings were obtained at a wavelength of 8258 and analyzed using the

™
Protein solutions  software provided with the Dynapro instrument.

3. Viscosity measurements:
Viscosity measurements at the corresponding concentrations were estimated
using the ARES100 FRT Rheomefer. Based on the viscosity values, necessary

corrections were applied for the hydrodynamic radii as mentioned above.

4, Thermostability screening:

To screen macromolecules for thermostability, solutions of macromolecules
were made in Hanks buffered salt solution at different concentrations as
mentioned above and 20yl of each sample was subjected to 35 thermal cycles
sequentially at 56°C-72°C-94°C. DLS runs before and after thermal cycling

were done and data analysed in the Dynapro software.
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TM Protein solutions software provided with the
Dynapro instrunment. 3. Viscosity neasurenents: 20
wOL@®808i88Yy nMeasurenents at the correspondi ng PCT/SG2007/000248
concentrations were estimated using the ARESI OO FRT
Rheoneter. Based on the viscosity val ues, necessary
corrections were applied fQr the hydrodynamc radii as
nmenti oned above. 4. Thernostability screening: 25 To
screen macronol ecul es for thernostability, solutions
of macronol ecul es were made in Hanks buffered salt
solution at different concentrations as nentioned
5. Figgfoateang, gDMNA gsynthesisich sanpl e was subjected to 35
thermal c cI es sequentially at 56C 72C-94C. DLS runs
Sam&é?BF%P%' 0% ter thermal cycling were done and data
I
A b B B L Bl AR e P imer and
10m&bdﬁ§TB (frrePacancaniration) andade netagbul withawakes.

20t FRTARHY pel 30 i MRS Ry kil Bl B cRtbiared

to comtaih thatredquiréd RNA amduntss (6. % \v@Sor dThe niikevaswhsdred at
of RNA suspension that was cal cul ate to contain the

65 ° (duppdgo Qmisents (eg. -1 pg or 2pg). The mix was
In th'éerﬂE?Htlr% regé |t9n glas"{’er ﬂ{bgesc%ggré)&réﬁ %Hairlg%ih@sh% é%lllorY\éing

reac ster m xes were
(for tRe fol | owi ng (for 1X): 10 5X buffer 4pl 0. 1M DTT
Zﬁl SSRT (2000/pl), 1 PI  RNAse inhibitor (40U pl) 1 pl
SXbgfifr of this react®®n mix was added to each of the
0.1M Dittri al reagent npx and heated 15 at 42 C /50" and

then 72 {15
SSRT (200U/ul) 1l

RNAse inhibitor(40U/ul)  1pl
8ul of this reaction mix was added to each of the initial reagent mix and heated
at42 ° C /50’ and then 72 ° C/1%’

The reverse transcript samples were taken out and stored at -20 ° C.

6. Second strand cDNA synthesis (ds-cDNA synthesis)

Procedure

Primer design:

Primers against the target gene sequences were designed using the PrimerSTM
software. The primers were selected such that:

(i) The primer size was ~ 20 nt long each (forward and reverse; FP & RP)

(ii) Both FP and RP had T _of ~60°C.

(iti) The FP and RP were so chosen that their complementary sequences on the
target sequence were flanking sequences on different exons so that any
genomic DNA amplification during subsequent PCR is prevented.

(iv) Primers were designed against aP2 and a house-keeping gene GAPDH.
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The reverse transcript sanples were taken out and
stored at -20 C. 6. Second strand cDNA synthesis
W@ d®8oDINEy synt hesis) Procedure 20 Primer desiPBEI/SG2007/000248
Primers agai nst the target gene sequences were
desi gned using the Prinmer3TM software. The priners
were sel ected such that: (é4) The prinmer size was - 20
nt long each (forward and Teverse; FP & RP) (ii) Both
FP and RP had Tmof - 60C. 25 (iii) The FP and RP were
so chosen that their conplenentary sequences on the
t arget sequence were flanking sequences on different
(v) Adiggpts elo2iMavergnipadg diesnstoaNinaapronganitations andisigred at -
20 og;ubsequent PCR is prevented. (iv) Prinmers were
ési gned agai nst aP2 and a house- keepi ng gene GAPDH.
PCRAMIREH &2 8B2H arsd /b5CRAARG Ohe2itdividal (sompdneanistes gfven in
2 I\/Ivvere made from stock primer concentrations. and
tablggg at - 20 C. PCR nixes were prepared by adding

the indi vigyg gRponents as nin table bel ow
Conponent 1X E’Bﬁ) 1 OX buffégméfo MyCl 2(25mM) 2.5

dNTP(5m\V) 1D0Obuffei mer (2pM 200 SYBR Green 1 (1:500)
1.0 Taq ( 0 Water 9.3 5 *Taqg pol ynerase,
10X buffer“ﬁ%@(%@ were offtdined from I nvi trogenT™M
(pl ati numdNmpP(5reviBR Green 14 gas from Ml ecul ar

pr obesTM

Primer (2uM) 2.0
SYBR Green | (1:500) 1.0
Taq (5U/ul) 0.2
Water 9.3

*Taq polymerase, 10X buffer and MgCl2 were obtained from lnvi’crogenTM

(platinum Taq); SYBR Green | was from Molecular probesTM

The macromolecular crowder was dissolved in the master mix at the required
concentration (Fc400: 2.5-5mg/ml; Dextran 410kDa: 125-250ug/ml).

For the polymerization step (see below), final concentrations of Fc70(7.5mg/ml)
and Fc400(2.5mg/ml) in combination were prepared in the reaction buffer.

To 18yl of the reaction mix, 2ul of target DNA template was added and the real-
time PCR was run as per the PCR program after necessary optimization for
annealing temperature and [Mg++] concentration. Dissociation curves were
obtained after taking the temperature to 60° C followed by heating once to 94°C
and then cooling to 25°C.

These conditions were modified/optimized for different target sequences as
required.

After PCR run was completed, samples were taken out and stored at 4°C.
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The macronol ecul ar crowder was dissolved in the nmaster
mx at the required concentration (Fc400: 2.5-5ng/m;
w®eoos0ss39 10kDa: 125-250ug/ m ). 10 For the PCT/SG2007/000248

pol ynmeri zation step (see below), final concentrations
of Fc70(7.5mg/ M) and Fc400(2.5ng/ m) in conbination
were prepared in the reactdgson buffer. To 18pl of the
reaction mx, 2pl of target DNA tenpl ate was added and
the real- tinme PCR was run as per the PCR program
after necessary optim zation for annealing
tenperature and [ Mg++] concentration. D ssociation

Resulis wf Exempless! abdad ned after taking the tenperature
to 600 C foll owed by heating once to 94C and then

(i) Senglivifgof the FXCR afygieatiamdi t i ons wer e
nodi fi ed/ optim zed for different target sequences as

Figuf€quisheds s\ Uéezhlu%d-&rram wRplitieandelader cremletiscoviiion (red
taken out and stored at 4C. 20 WD 2008/018839

or dRETHBER0AMENRAD DEtraedd DiiDarfl 26ugin) B3A4 dstbver(than G,

Sensitiwq%¢0f the PCR anplification Figure 4. shows a
for tigg upgrawsedogongitiord ppntrgl) thatii®d1®hder crowded condition

(red or dark colour curve) due to Dextran 410
Sengitheifyl 26 p§rRriamplificatiort is detesmined byra GininBurfiigwnper of target

uncr owd ondi tion(.contr ol hat 3 nsi tivity
DN, PEREREE o 4 Pl el Sntnld g i 16 cin Biathitebpfer
ampﬂfylﬁg?lrfgﬁta hRA hesber esf Egcles. mh etﬁénfrealiﬁrﬁéﬁpa?@fﬁ@ée thig is
It can be detected atter anplifying for a fixed

lndeﬁﬁﬂ%eby dhec g¥¢lesnumper hig Néach t thee plar Papigwificenily elevated

ol SR S RS BLTAE PRSI BRI b Bt resho

amplifisstiomn & dEhb&adbel thenteriveC_{ NeusTiovier_thiee valieesh @ d more
anplification is denoted by Tthe term CT. Thus | ower’

sengitive isatheePCR. Ohe Nb:GGOOBenﬁtWaree(Stmt&Qmel?@@md’dtes the value
Mk30Q0P sof fware trata n ute
of NG, Bresal BBk daTeene’ atpicatsn and hence

t d
callsd s the; 2 Bre s Base ERbPEE . Al e Gie vales apergsobtained
usin\éechg I\R%Cﬁjd%p software for analysis.

In the present case, the reaction mixes with containing neutral dextran of

410kDa, show a CT of ~30.4 (see fig 4) and the controls without crowding ~

31.6(B), a cycle difference of ~1.2 for threshold amplification. In the present
case, it was assumed that the efficiencies of the PCR at the early exponential
phases for the test and the control were the same as the values of the slopes of
both amplification curves were calculated and found to be approximately equal

in the early exponential phase. \

Since a cycle difference (AAC.) of 1 suggests a 2-fold difference of the initial

target number (by the comparative quantitation method, Livak 1997), the results
indicated an improved sensitivity due to PCR under crowded conditions due to
neutral dextran 410 kDa. The above results proved that crowding by high
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15 using the Mk3000P software for analysis. in the
present case, the reaction mxes wth containing
woewsnos3dext ran of 410kDa, show a CT of -30.BCT/S€m07/000248
fig 4) and the controls without crowding 31.6(B), a
cycle difference of -1 2 for threshold anplification.

In the present case, mgg assuned that the

ef ficiencies of the PCR at“the early exponential 20

phases for the test and the control were the same as

the values of the slopes of both anplification curves

were cal cul ated and found to be approxi mately equa
moleeulaheweight ypelypeientpas |satkdo Sigressa tyclhe sensitivity of
anuﬂh&gﬁ&?ﬁfﬁphAACT) of | suggests a 2-fold difference of

target nunber (by the conparative
o hodh rgq:cwama b or e 57k gtion (rec
or dGfOYERE) SARG'FEAP ABUKOR2 TR HTNE BB% K BwEPthar B for

ove r tS prove

the Qﬁmmdﬁgﬁ §gﬂ&97{h%@g24%2 $6 rml ecul ar wei ght

pol ymers does to Increase In the sensitivity of

Thea(ggl‘drfthﬁqf’éﬂrbrﬂéhf%% Fdr@&r%r&gﬁ%%‘@ingﬁgﬂ%déﬁougcrzi(% (see

ifrcation under crowd

fig zf:zaé[tka 66“(?@1)( ?*Hﬁ F2. %{?5%!' wégq? be 59/ 5 dés BRtparSd to the

t han for € uncro
conitohuint inomicrowded| qondiiinsi that wa. 32.9%hea diffefenicetdfe~ PGRYcles
ggiai fi %at' on under crowded conditions due to Fc400
(byg methgd ) at a concentration of 2.5ng/m was found
to be 30.62 as conpared to the control run in

Nextina raontfeetisoonofi theosanditivdty clas (32 QElgleantédrbﬁmwﬁarOéfpecies
.2 cycles . (b net hod). 10 X a conpari son o
withyg, £ tﬂwftme@tdﬂéc'@ﬂé?%meﬁﬁw%ﬁ@@'& Y anixagarals of
dlﬁéﬁéﬁf‘m%lefc%@' W@bh&r‘tooébs%n% Efff@Ft%an PR 8 ﬁﬁgéﬁ% target
done by m xing Ficolls of ferent no ecul ar
(CAPPHLIdixed watrrnelesulaPcrowding tas ftmeehblcgp@ryelca&y ghown to

Iecular
provif Heench] FIvBe PR B st B Rur PR o A gl pecies
aloref {@rthe @@cﬂma;ree:@félam@rmmnw Zncil 80AIC2008) ITRR téEget was
al one (on the oxidative refolding of |ysozyne, Zhou et
a heyse-kegping geme, GAGEH. W macromolecules’ selected were Ficoll 70
and Ficoll 400 in a combination of different proportions ranging from 2.5mg/m|
to 7.5mg/ml for each. All permutations and combinations within this range were
tried and PCR was run. As an example the ampilification plots for a PCR using
primers against GAPDH are shown below (fig 6A), the combination shown here

is Fc70:Fc400:: 7.5:2.5. Melt curves confirmed the Tm corresponding to GAPDH
(~90°C).
The sensitivity due to the mixed crowding was ~ 2.0 cycles lower C. compared

to the control that was uncrowded (figure 6A). The sensitivity with mixed
macromolecular crowding was better than the PCR run with Fc400 alone
(2.5mg/ml; figure 6B). The sensitivity shows a sequential improvement with
graded increments of Ficoll 70 (2.5mg/ml—5mg/ml—7.5mg/ml) in combination
with a constant amount of Ficoll 400 (2.5mg/ml). By mixed crowding, there is
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a house-keepi ng gene, GAPDH. The macronol ecul es

selected were Ficoll 70 and Ficoll 400 in a
w@eoobiomsssd on of different proportions rangi ng PEDEG2007/000248

2.5mg/mM to 7.5ng/m for each. Al pernutations and

conmbi nations wthin this range were tried and PCR was

run. As an exanpl e the anEZification plots for a PCR

usi ng 20 primers agai nst PDH are shown below (fig

6A), the conbination shown here is Fc70: Fc400::

7.5:2.5. Melt curves confirned the TM corresponding to

00 . ,The sensitiyj due to the nixed o
bettef ARG GoSEs the §riEyaR cuic aietS ek tha el the grapliication
(due ABNEESH Fabn&%ﬁé?%tgmgﬂof fehQWn% 8ater B Ipllflc:a’uon cycles

sensitivity wth m xe 5 macronol ecul ar crowdi ng was
(Ficole0Ogr t han the PCR run with Fc400 al one (2.5ng/ m ;

figure 6B). The sensitivity shows a sequenti al
Figuien®A ehemsrdn vmpmvegrwtsttiwtyd)wmﬁdsnmtrcﬁhokdcmﬂ@rowdlng.

The GGHBIHEN RFEGAD B EAU] FLagalg 2 B -3 MM - 20

V\D 2008/ 018839 PCT/ SGZOO?/ 000248
CyCIe%fQ\g@é%]%P téqﬁ%l%ﬂaégetween the prinmers and targets at

Figui 4B aems, 51 BB VER STy amieq Sesformhfechier chpvding.

The RYSo8€meht irpééﬂsﬂﬂ@l‘})duecﬂoQHéQ:%lﬁm oﬁ@ra‘d@ﬁrlﬁc\!@%ents of

sensitivity m xed macr onol ecul ar cr owd

ng.
Fﬁ(b@fndaFﬁé@@(er o?r) isbighes tbar a0 sensitivityr due to cho ayone(4) 1:

Ferd G omaiml 8 Befo@raaml 2 PR s reARe Bhagy: 3

Fc70M Sehgival o releo. @ﬂhﬁﬁhn\/\di F@400(§®n?n‘ﬁ’l’) OMG,’UETNO kémplate
sensitivity due to the conbi nation of graded

contiohcrements of Fc70 and Fc400(1,2, 3) is higher than
the sensitivity due to Fc400 al one(4). 1. 10 Fc70
(7.5mg/ m) + Fc400(2.5ng/mM); 2: Fc70 (5ng/m) +

() SE%%@%@%O%}%&;?p@du 0258((225?TQW?¢HH1)) KFFC: No tenpl ate

Figusoiftshaiws @isspcigfieniduress jronf redidinRCR QR aing plifefs qgainst
aP2 é’r’]‘ﬂﬁé\rl\% \glgé géqna |%|§nns %ldrevt%s Dferx ranrfﬁg -ktdan?ZE&}.%/H’ﬁ)l rgﬂow a
single peak, also higher than control. Primer concentrations used 100nM,;
Specificity confirmed by observing the melting temperature for aP2 (~ 87.5°C).

Note the double-peak for PCR in uncrowded condition.

A specific PCR product has to match the calculated length of the target
sequence and depends on primer design. This implies that it has to
melt/dissociate at a temperature predicted from the primer GC content, sodium
concentration etc. Hence by correlating the expected with the empirical values,
we can identify the PCR specificity. The real-time PCR identified the specific
product based on the melting temperature. A combination of the melt curve
analysis and sequencing the PCR product reliably identified the right PCR
product.

The specificity of the PCR amplification was verified by generating dissociation

curves (melt curve see fig 6) for the PCR products. PCR was run at uncrowded
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aP2 under crowded conditions due to Dextran 410 kDa
(250pg/ M) show a single peak, al so higher than
W@ 080839 Pri mer concentrations used 100nM PCT/SG2007/000248
Specificity confirmed by observing the nelting
tenperature for aP2 (- 87.5C). Note the doubl e-peak
for PCR in uncrowded condi,%' on. 20 A specific PCR
product has to match the calcul ated | ength of the
target sequence and depends on priner design. This
inmplies that it has to nelt/dissociate at a
tenperature predicted fromthe prinmer GC content,

(congrghi asn W@'br%eﬁfqvﬂiﬁcbﬁmédtﬁlonﬁle@@dtﬁﬂ é3PkieaabRygimiy in the

e BEHSEE a FE0Lof SDUER Bl o

ZOOIﬂVI)ECNSI caaSb@rmtfr&ﬁSﬁ@m@w 8 hiee Nkt pgaltsermﬁ@apun@ to a

f the It curve _analysis and
tem%%ra % § R% w&h the| T B aPRdhe melt sgiryenghowed a

sing %rﬂ%fgﬁﬂ?ﬁaé&v%illh’?'i‘s Stgroueleereariiigns: Usder upsispded

condiﬁél’{sesa &c?%’ﬂ#é Ffééf‘}\é@?s;ﬁgtee?' 3‘6%\1\%\% deh(g Bg%gbegmﬁtp?oduct as

a resmltr DB(BES}pmwmm)mde& (estifies @ny ram-spedificity toatoweyg @rise due
ndi tions an,,410kDa, n reacti o
to sfiff Feasctiinyd SRRkt BEmRrs & S B dsrirer sAfagmetary
seq@emé@nbm ahé Gafgels AAothe?0B0M rurfdo Gast B eRER & 8fdwding by
ur e the nelt peaks correspond to a tenperature

FICOBf k@@ PRatheagpeddiirity oh PGR using & higber then reutine primer

h h
conGAihR" ST SRS R pkleEiTd ppiions
manaadnﬂriel g@emﬁai(twwza‘atheﬂeﬂ m'ffheﬁamia&bf d:?anged ®CR condmons that
._non- speci r oduct result of ms-
mlg%cgmaﬁﬂ 5 n%sm?%eﬁi%e&dtfqt% W@We ﬁﬁ?’%mﬂs@)
due to such reasons by enabling the EI‘IH‘E_I‘S to bind
Figure & phows dissacialipmprwiventieary reggtqm@ne R using Hyinenisgegainst

aP2 0P B, Pkl e 9L B Lol

peak,i @Berhlglhlaﬂthamumn‘tmlplainnmr commeatmm iused %Oamn%emﬁcﬁy
d that t he crowding conditi

conffiiett B PRsRE/iEgdne MEKig teMMERRPRIO! APEHE $hBeChiNote the
douSl@%&%dfoFf%F@%PGhérb BdldbRitigH. ght otherwi se lead to

non-specific PCR pro ucts see doubl e-peak in fig 9).

(iii) Efficiency of the PCR amplification due to crowding

Liu and Saint, 2002 have established a new mathematical method for
calculating the efficiency of a PCR ampilification at any point during the cycle.
Earlier methods have relied on relative quantitation which is based on
constructing a standard curve for known amounts of a DNA sample and
calculating the unknown quantity by normalizing to the known standards. The
other method (the comparative C, method, Livak 1997) is based on the

assumptions that the amplification efficiencies of the test and control are

approximately equal and that the amplification efficiency is close fo 1. Then the
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Fi gure 8 shows dissociation curves fromreal-tinme PCR
usi ng priners against 15 aP2 under crowded conditions
wale@spmsssd col | 400 kDa (2.5nmg/ M) show a si ngl BCT/P@zK7/000248
al so higher than control. Prinmer concentrations used
250nM Specificity confirmed by observing the nmelting
tenperature for aP2 (- 87.5C). Note the doubl e-peak
for PCR in uncrowded condition. 20 (iii) Efficiency of
the PCR anplification due to crowding Liu and Saint,
2002 have established a new mat hematical nethod for
... calculating the efficiency of a PCR anplification at
diffeseRcer ¢ rihe dey iDegvedre thyclest andaepnisel (AAGAds wamwuted and
relied. on relative quantitation which is based on

COMPEHEPR it Mads- FU thisdapthadus\disadrantagravsdbriavss ibestimates
. . at.i t i .

e DHETRITt02 7Ro68h M A R TSR A S Y B

cyclés lire th tadarexponentEl pretseodhichi arakeduadly )imperiaat dtlisoa known

e R TR A Ao R i e
lineAMphadeeT @8BIEf thsapiaerR! { i hA VaikSphvRREatiewl mdiR8l that

the WO 2008/ 018839 PCT/ SG2007/ 000248 59 difference in
cangstimate e @fiienayeofta SICRfwne dre kisleticT aCthe ireadtionpandthen

d ' ' d IS thod is . .

oan HE usrfE R 2ineB oD SRS BorrFledeOs T8 A< of i eghoc s
complaraiiie teahe wtandxtaiiri@imgthagearnf betier ER wedcalnparatios C
consider cycles in the |late exponential phase i ch T
method alidhdsy beanoapplidd i tthes peesondvemalydiacst ebtnating PCR
_efficiency does fall at |ate exponenti al g\ohase and
effi ‘lower in the |linear phase. To solve this

. problem Liu and Saint provide a new nethod that can
Figurety shews arrchentatici ibusitation of ¢etermining thecefficieaey ©§ ad?CR

at ti] s BREh e et i @@Eﬁﬁe"ﬁ%ﬁ’bﬁﬁf sqﬁghbha? -
AccBRIRE RIS plefbdtr Jud e Bl 8 M eSielRualice, B tost oo

contrdl ta@pRiseaetyclén @ wadsB wéreeAbigifrbmdrddiime PCR readouts.
efficiency. FiLgure 9 shows a schematic illustration of

Thegdhe effigienges i kath iseruley were gajogiatedaceaiingtathe formula
(derERONGALIE anB i, 9bo2).POR anpl i Ticati on.

‘ggﬁ,“% = {1+ EjA“B
Eap

Where,

Rna = fluorescence value at cycle number A
Rn,s = fluorescence value at cycle number B (for the same amplification curve)
E = Efficiency of PCR

The efficiencies of the PCR amplification for different crowding agents were
calculated according to the method and formula of Liu and Saint for PCR runs

against aP2 (see melt curves below) and tabulated as follows:
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According to the nethod of Liu and Saint, the
fluorescence values of test and 15 control sanples at
wWe ko838 and B were noted fromreal -ti me PCR PEHSGL0T000248
Then the efficiencies for both sanples were cal cul ated
according to the formula (derived fromlLiu and Saint,
2002): | + E)A-5 Were, 2Q4Rn, A = fl uorescence val ue
at cycle nunber A Rn,B = fluorescence value at cycle
nunber B (for the sane anplification curve) E =
Efficiency of PCR The efficiencies of the PCR
anplification for different crowdi ng agents were .
cal cul ated according to the nmethod and formula of Liu

dS or PCR runs 25 against aP2 (see nelt
gﬂr vegéfﬁ‘é'f"b‘wf"gﬁ& ﬁ’%FBUF%ﬂ%c?tg? Intg) qxemngmi@@%/ 018839

PCT/ S 0Mactidiilettile 60 Efffesti enmbn@iol PCR @ygald fi cati on

at th p€Xxponenti al ¢r onol ec e Test
Contrg?&g/ggal n Ficoll 448%%1% Ef%% 5% (ran 670 48%
43% 590eXB6BE0 36% 21%4B%% |t i48% o be eﬁ‘réect ed that

ef fi cirurcgsogeneral |y deciggases atyo) ate PUZecycl es.
Thus 5 the exponential anplification that Is

theoretically predicted (efficiency close to 100% is
no | onger seen. However, under crowded conditions this
It isrtgihe pxpecied that eftsiency generally decremsehatt lateRORMyCs. Thus

e M B8 BBRERS AL e o B 8 ) s

1 00%)‘ iisi mndyngdr seeRCRIowMvdhavmdebseovaedt Béhdlﬁbﬁ§ &hNkall in
cronol ecul es have different abilities in

eﬁ'?'ﬁ?‘%ésnE?rrﬁ%‘?t?ﬁé%ﬁ?ﬂtcﬁa@oﬁaﬂﬁw\e@@pbﬂqaﬁ@n MQCD@refor a longer
ecul e .QVes
(mESharTTOI e iete diho SadiEriRE SR lopU G or
PCBp\é\ée have dlyseragd rioat mﬁerehamag:r@ab%aﬁne@igﬁ[w Gifffefé?}t abilities in
macr onol ecul e [ has favorable effects on
RIS ot FAE prcisiery M ipverReamdisaHBsed sbeve. So, while
one macromolecule improves sensitivity of PCR (Dextran 410,000), the effects
on specificity may not be that great as compared to another macromolecule
which has favorable effects on improving specificity or reducing the amounts of
Taq enzyme for producing a good yield of PCR product (Ficoll 400,00)

A higher efficiency leads to a greater amount of PCR product that is finally
produced. This is computed by integrating the dissociation curve to calculate

the area under the curve as shown bgelow:

(iv) Yield of PCR product computed from the area under the dissociation curve

Figure 10 shows calculation of the area under the curve for PCR with Neutral
Dextran 410 kDa (125ug/ml) gives a value of 1116 sqg.units as compared to the

control 853 sq. units. *calculation done using NCSSTMsoﬁware

Area under the dissociation curve is a measure of the number of copies of DNA

that have been produced as a result of the PCR amplification. It is a distribution
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Taq enzyne for producing a good yield of PCR product
(Ficoll 400,00) 15 A higher efficiency leads to a
w@e@aves3anount of PCR product that is finallyPCT/SG2007/000248

produced. This is conputed by integrating the

di ssoci ation curve to calculate the area under the

curve as shown below (iv)gqield of PCR product

conmputed fromthe area un er t he di ssociation curve

20 Figure 10 shows cal cul ation of the area under the

curve for PCRwth Neutral Dextran 410 kDa (125pg/ m)
unlts as conpared to the

|ves val u 116 sq
of th% %B@C’iﬁ% ce a S'@QI & shai, éﬁ‘f%@eﬁ‘é i%@ugges’ﬂve of a
Ry Sty [
R J?@“E% B P AR indaE Al I8 RS Bt he
fluoreseenqs derinativesandhunie tamperatureATy@rRissophpifedatyi ferding the
i s a distmi buti on WO 2008/ 018839 PCT/ S&007/ 000248 61
dataghta NeS&plsoftwade.pr oduct s. Hence a singl e sharp,
narrow peak is suggestive of a specific and pure
product. The area under the peak which is an integrand
Figueé 1tihehowfs calteiation of tistealacatihdér thedcuié fort BOREKE Fiddll PM
was conputed by feeding the TMdata into NCSS
400 iﬂ% (Karrog/ m% giv%ﬁé/aiqe 8h8a<6 &gl Whitsads saMyTaredh o e gontrol
nder .t he ve f PCR w ¢t ol | PM 400 kDa
20871 5A4piP rm GG Igan 3608 U B SoNCSEY 6 Sahwals s akows ipfigue 11,
the hfed hﬁd@romer Rlelt &Qﬁés S6r HBUirﬁi deﬁ@ér‘? Ul'1@téﬁ’<§‘ ltgcﬁb‘?rééﬁgﬁgmg
NCSSTMsof t war e. shown in figure 11, the area u
contr¢la@rgsespeniivelys 'l“kfr an 8§53 &Q. debt$ rHnis 4Dpliesmdn ingease of 31%

B TRALELA 1 A BheR IR e B e

total yield due to the nacronnlecular crowdi ng with
respect to the control gure 12 shows the

Figuge| ' sBpwsnthss CPWé‘laé'P@aOfum%rar?ﬁeUltdﬁrvﬁ]ef gurvedRNPER with
oL 0 1 D BT 8 B o

compqremi tts. 'ﬂTEiI aondol or7(2@ne sgsuriy. NCIEUSS Walolie Asising
in figure 12, the area under the nelt curves for
NCSS cepftwagd Asdhom doffigerspdaditing areaturalerdhe melt curves for

Ficoll em%av% %O?I%Z‘.Soﬁ‘&gg co%?ro?aare respectively 2576 and 2087 sq.

units. This implies an increase of 23% in the total yield due to the
macromoiecular crowding with respect to the control.

Figure 13A,B. Amplification and dissociation profiles of PCR runs using primers
against aP2 gene at Taq concentrations of 1U/reaction under crowded
conditions due to Fc400. As shown in figure 13, the area under the melt curves
for Polyvinyl Pyrrolidone 360 and its corresponding control are respectively
8478 and 7022 sq. units. This implies an increase of 21% in the total yield due

to the macromolecular crowding with respect to the control

Next, we proceeded to check whether crowding is able to yield a detectable

amplification of the specific PCR product when the Taq polymerase enzyme
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units. This inplies an increase of 23%in the total

yield due to the macronol ecular crowding with respect
wao oooslessaont rol . 20 Figure 13A, B. Anplificati oPCESE2007/000248

di ssoci ation profiles of PCR runs using priners

agai nst aP2 gene at Taq concentrations of 1 U reaction

under crowded conditionsgslue to Fc400. As shown in

figure 13, the area under the nelt curves for

Pol yvi nyl Pyrrolidone 360 and its correspondi ng

control are respectively 25 8478 and 7022 sq. units.

This inplies an increase of 21%in, the to el d e
was trresaet raciienfol a1 4R crNERy Useh ¢ é‘iff”‘tP tﬁ‘@h'CH

125@}?15'5156@ Bﬁ%thregl ; aBg:ﬁﬁ@g b‘% %p%Ft?ﬁrhté“tﬁﬁJhéﬁs QjTQWéléltﬁlzyme

anplification of the
werespadé fand ﬂﬁ@FP(DRed/we nvheat mmmrowaqdmnoynr@med eondjiipnsigie

8/ RCT/ SG2007/.000248 6 I
o A I RO OGRS aP (RO B it
consgje%ﬁy/ rQACT hraliolisX LdsBlks  AaEOT szglampﬁﬂmtuappr wpenaee the
ions of the enzyne were made and the PCRs

macnomolamula mesulith i anbeiteronmsdifieatinn profiie dyderms of ,qp@@mcnty
kDa 2.5ng/m) this concentration of Ficoll was
and 3§§ ected 5 considering our previous results with aP2
anplification, whence the macronolecule resulted in a

better arrplification profile interms of specificity
and yield. A serj

A sadre HacliLEPe B ST KPAYMeress waly  BRdEr fftga” Stock of
1 25%%8&@}: a Iféﬂoﬁn?@ AU rxh2 B Wi - diém 0.953k%h I Aplification of

on of GAPDH gene at both uncrowded and
GAPDHwee abbdtht uncmwm@si and rérewdedtcanditiangcwagi ¢arfie@put at

each?}ig%% Qfgﬁélegng-rhe rhfp‘lfgqﬂ&lgﬂkﬁfl% o I O§At\on is shown in

figurk A AC At RSpfild |ﬁﬁlcﬁﬁ§béﬁéﬂ dehsitiity efridl e:fﬁaengy farthe leowding
crowdi ng supported anplification. When th
supptirtssbamatifieatiopu¥Nhen thedissneatiomcurnyes @r%@sﬁgwfé melt peaks

. correspongd-t (:
corSRARER0 790 a0 TldeqbnPh b BReLa: yafdtea y
the 4rHGQindes tiad san/al (GIET) |§@rlsd higher dowtae arowded |cond|t|An A table
sho&%%Lﬁ%@h%?\g\gﬁgyﬁtﬂ%iPaﬁo:égé@?ct progucégQ aP hig l’elacrter&ry%\de ‘c:ﬁutlons
(as mentioned earlier) is shown below. The amounts (AUC) at various dilutions

are relative to the AUC of the 1U/reaction aliquot.

Enz. amt condition Normalized AUC

1U/rxn —--MMC 042
+MMC  1.00
0.75U/mn —-MMC  0.40
+MMC 071
0.5U/rxn  —-MMC  0.31
+MMC 083
0.25U/mxn  ---MMC  0.28
+MMC. 058
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(as nmentioned earlier) is shown bel ow. The anounts
(AUC) at various dilutions are relative to the AUC of

wWo bh@s/014889 eacti on al i quot. Enz. ant condition PCT/SG2007/000248
Normal i zed AUC | Urxn ---MVMC 0.42 + MMC 1. 00
0.75U/rxn ---MMC 0.40 + MMC 0.71 0.5U/ rxn ---MVC 0. 31
+ MMC 0.63 0.25U rxn --- 0.28 + MC . 0.58 20 WO
2008/ 018839 PCT/ S&2007/ 000 63 A conparison of the
productivity of Taq pol ynerase at reduced anmounts in
the PCR reaction mx. The area under the nelt curve
for each enzyme concentration was cal cul ated and .

A GomRaliseRedf thetmodestyéiytoftiaq helymetaseat réduceenayornts in the

: ' ' ' d cr owded
PO HER hf . b el MR Lo, ol BhpfelToF crarts ppevme
corfeem@tian easoglcnlated \Wnt bhegiiz&dofitie re¥skdlGo Mhe! AMES &F the

t as, tivity Fig. 14A B. Dissociation curves
Nz oo ReAER Gh e ERaciion aixdinsier icramded Fpndianafderatid as

MM #ROabled fel wﬁ"}?%éw‘%ﬁwg primers agai nst aP2

gene, under 10 crowded conditions. Area under the
nmelt curve shows a higher value for (A) conpared to
(B). (A): Target DNA was derived fromreverse

nt FRLI f nRNA uynder .cyowded. conditions;
(w)( Fé; : iga%g{OWﬁﬁge‘ﬁe&SF EYSPIBASPAFEY®E  transcription

, under.. uncrowded conditions. After reverse
Figy J 4R P BRGSO LR ABAGTAVPR aBsdmigkon of
RNANdefifed Worhi bdibosé ke B Fintiaseabfinkd AbLWerk! under

there was an increase in thereverse "transcript due

croyged rennglitians. Fiea tundgstthe DNaltvelgvelishoveda sisighet byluenfor (A)
corﬁﬁ@r’et:lo{od (B). (A):Target DNA was derived from reverse transcription of
mMRNA under crowded conditions; (B):Target DNA was derived from reverse

transcription of mMRNA under uncrowded conditions.

After reverse transcribing the mRNA under crowded conditions, a PCR on the
first strand cDNA was done to find out if there was an increase in the reverse
transcript due to crowding. The target cDNA was diluted serially in two-fold
fashion upto a one-sixteenth dilution and were used as templates for the PCR.
The PCR itself was run under identical conditions for both the test and control
samples.

Figures 14 A and B show an amplification and dissociation profile of the PCR
for the 1.4 diluted template. As can be appreciated from the curves (see fig
14A), the CT for the template (uncrowded - b) was found to be 18.13 whereas

for the crowded condition(a), CT = 17.47. Thus there is a marginal increase in

sensitivity, suggesting a greater concentration of the starting template that was
obtained under crowded conditions.

Dissociation peaks were seen at ~87.5 ° C that confirms the identity of the PCR
product as aP2 from the predicted Tm for this sequence.
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fashi on upto a one-sixteenth dilution and were used as
tenpl ates for the PCR The PCR itself was run under
w0 d@snissad conditions for both the test and coP€T/66:2007/000248
sanples. 20 Figures 14 A and B show an anplification
and di ssociation profile of the PCR for the 1:4
diluted tenplate. As can bg appreciated fromthe
curves (see fig 14A), t heSTT for the tenpl ate
(uncrowded - b) was found to be 18.13 whereas for the
crowded condition(a), CT = 17.47. Thus there is a
margi nal increase in sensitivity, suggesting a
In agidéiene the sligsaciationi plotoshowethat dheienty apmutariehinglyt greater

[ [..Cr ed.condi.tions. .
amdfif s TG BEMll REoatedaie 6 oo that v ppipined
undéherowésd idonditfonshed RGRuldtiopd vt tthasareB2uhd&mitidi@nelt curves

predicted TMfor this sequence. WO 2008/ 018839
showed thel@llowin@0248 64 In addition, the dissociation
pl ots show that there is an astonishingly greater
Areapivdar cyvehs 642r ssr.aritect produced due to the tenplate
t hat was obtai ned under crowded conditions. A
Areg ahdel awriveB sf482Mescpurits under the nelt curves showed
the followng: 5 Area under curve A = 6421 sqg.units
A differsoerafed3% in sreeBurrdet8Re neslt eunves A di fference of 33%
in area under the nelt curve Thus, incorporating a
Thue! aveiRporiafing e drewees antthanfsersy itRihscApEdh QBadic JRelds a
%reater anmount of second strand cDNA that is an
gregqiggianeedntneb secendrsteand tHPNAdhahdedrt iimditecit mgasueNAl an
; j . ' .3 1. RNA extraction 15
incrb RS Strb o EINA Sl o S Eias ¢ 0y obr st <
(American Tissue Culture Collection, VA USA),
adi pocytes differentiated from human nesenchynmal stem
cells (Canbrex Bio Science, MD, USA) with the
Exagwplsodenic hvsSC Differentiation Bul letKit (Cambrex).

1. RNA extraction

RNA was extracted from human WI-38 fibroblasts (American Tissue Culture
Collection, VA, USA), adipocytes differentiated from human mesenchymal stem
cells (Cambrex Bio Science, MD, USA) with the Adipogenic hMSC

~ Differentiation BulletKit (Cambrex).

Extractions were performed with DEPC (Sigma)-treated water or the
RNAqueous (Ambion Inc., TX, USA) according to the Manufacturer’s protocol.

2. Reverse transcriptase

Complementary DNA synthesis was carried out according to the
Manufacturer's protocol for SuperScript [l reverse transcriptase with
oligo(dT) primers with the following modifications. Fc70 was added to the
annealing buffer at a final concentration of 7.5mg/ml. For the polymerization
step, a final concentration of 7.5 mg/ml of Fc70 and 2.5 mg/ml of Fc400
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30

20 Extractions were performed with DEPC
(Sigm)-treated water or the RNAqueous (Anbion Inc.,
WA 080H8p9 accordi ng to the Manufacturer's protPCDBG2002000248
Reverse transcriptase Conpl enentary DNA synt hesis was
carried out according to the 25 Manufacturer's
prot ocol for SuperScri pt é reverse transcriptase with
oligo(dT) primers with the %ol 'l ow ng nodi fications.
Fc70 was added to the annealing buffer at a final
concentration of 7.5nmg/m . For the polynerization
step, a final concentration of 7.5 ng/m of Fc70 and
were agdeg torthefeactian ®UifEr.2008/ 018839 PCT/ SG2007/ 000248
65 were added to the reaction buffer. 3. Polynerase
chain reaction Two pl of cDNA where used as target for

3. PalymEkd¥e tRain re@gtionon vol une 5 of 20 pl. The
corrponent concentrations for al PCRs were as

Twouil e scCRNAoherei e ds et @agetlfcw Bl e ReninT &g recmﬁan PVolume
of g@l Mﬂeﬁﬁé%df%c}rﬁ @t%é :'éti%H%f ®p atOPERS p?\le?@rﬁ? affhows,

er nra program
unldésRaswashdrivgse cﬂtbtm ng, Uurﬂlalmwms TaghdDMiAs podyragrage in - 1x

readlon Buts, TOkPOM BIMeswoothaS1o HaMids. T4 KR cveing

pro%'%?n for é‘?ﬁ’CR‘é%@@ tH’é fdﬂoﬁnrfd NRllesd 8 BfHeMviseNstateRP 9aPC/5min,
to 94C at 1.1 Cs and ending with 25C 30s. The

94°6fﬁﬂsal56ﬁ@/3ﬁseﬁﬁ%®@loar torf(collagen diset GAPDHOARPHEA3D; aRd and

wideaSaebiRE vy 3H o2 B Wil B FeuBeaersee o
60°tnvbtapgenit i m/ssaﬁue@ﬁam%awnh aB2C/30s. The annealing
t act gggccaggaatttgac_ ( SE

ten@eg@u@tf@ra gagﬂd@Q\P gE@asDSQCQQ)and tospBpallagen | set 1 and

gtec tett
set 0 o M o SPeu ol TESOSTER ) Mg Ritpeted, ity SYBR  Preen |
(Mo?@ﬂﬂagcagm@tmmﬁmgehSEQ | Prim©. 5) ,sequences were: aP2,
tcttgtcctt

tac@ege@qw@é téégéf é@%% 9&@9?%*9@8%%#%35&6596\&%@0 2);

GAStﬁggt o tgc%%é:g{ @&‘?S é%E%E‘D O: %9 gtggcagtgatggcatggac
(SEQ dhﬁ\tfgéfl)t t catdllagent seSEQ | O N@glc@)agcagatcgagaacat (SEQ ID

NO:5), tcttgticctiggggticttg (SEQ ID NO.6), M13, tigcttccggtetggtic (SEQ ID
NO:7), caccctcagagecaccac (SEQ D NO:8); collagen | set 2,
gtgctaaaggtgccaatggt (SEQ ID NO:9), ctectegetttecttectet (SEQ ID NO:10).

Processivity experiments

The M13 processivity assay for Tag. DNA polymerase was performed
according to Bambara et al. Accordingly, 100 nM of primer
(gtaaaacgacggcecagt) (SEQ ID NO:11) were added to 100 nM ssM13mp18
DNA (New England Biolabs Inc., MA, USA) in buffer with 1U Taqg. DNA
polymerase in the absence or presence of Fc400 at a final concentration of 2.5
mg/ml. The samples were heated to 94°C/5 min, cooled to 55°C/1 min followed
by 72°C for 1-5 min. The reactions were stopped by adding 50 mM EDTA

and placed on ice before gel electrophoresis. For the reverse
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Processivity experinments The ML3 processivity assay

for Taq. DNA pol ynerase was perfornmed according to
w@arobats3et al . Accordingly, 100 nM of priner PQBESG2007/000248

(gt aaaacgacggccagt) (SEQ ID NGO 11) were added to 100

nM ssML3npl8 DNA (New Engl and Biolabs Inc., MA USA)

in buffer with 1U Tag. pol ynerase in the absence

or presence of Fc400 at a Tinal concentration of 2.5

ng/ M. The sanples were heated to 94C/5 mn, cooled to

55C/1 min followed by 72C for 1-5 mn. The reactions

wer e stopped by adding 50 nM EDTA 30 and pl aced on ice
tranggrpfage grrocesaivity cﬁﬁ%‘b’eﬁ standard tRéF wagepeyéorged without and

with2GRBHEASRBIR g'gssﬁg%)/? ﬁ*ﬁ fur gT r'fgﬁﬁﬁlgg which one

processivity y, a Stan Nes per f orne
halfvmfttheu’eaahmh vwstdub}d&t&em rcigestionuvitis Rida<y Ac@@0ug/ml) for 15

fol | h hal f of the
minat, 8¢ 1GrBah, T iiciaaied Gt glisstosn ationaragiena wets then
sepé?ﬂéd”oh J@énz}tﬁnn rB%tag%Y&mgQFh t he undi gested and

di gested reacti o portl ons re then 5 separated on a
denaturing 0.6% agarose gel. Agarose gel

oreS| Reaction products were either resolved
Agaﬁ"ﬂ% eT%:lle 53? EHBeakem ME, USA) gels or in

RedctibRtbdlects @it Eithes resdies f gﬁfrAE(églaroaé (SBlem ME, USA)
stipulated 10 concentrations of 0.6 or 0%

gelsmer elbu fermanaidgrienaiving s agarese  Igels pr(aﬁv)egaat the stlpulated

con(ORPAIRS! O ¥ 515% 0B OTRBBIRE LA HRAEN WA 1kb
(el o o, ARG

tal ning was done " w

(Prt:(nh/bgwﬂdrpordﬁoanP IUSAY, r5iyend $00 bpt (rmwnrﬁg@e)s DEAE ladders.
Bi 0- Rad) and densitaonetric

d t Vi ™
Post A iadc Wi dpee (W hoa BR: Foasioiegulan P ropos Iviogen) and

the ek ity ks’@%ﬁ*”?’*%é TBst y faRe ) oa T AR rc

analysid Wwas pesiennedaiith Qpastity Oee 045 M eBigERA@O| ecul e
Fc400 and smal | nol ecul es trehal ose and proline,
i ndividually, at final concentrations of 2.5, 100 and

Thethal ®esing of Tag. DNA polymerase

Thermal stressing of Tag. DNA polymerase was performed in the-absence and
presence of the macromolecule Fc400 and small molecules trehalose and
proline, individually, at final concentrations of 2.5, 100 and 113 mg/ml,
respectively. They were dissolved in 1x PCR reaction buffer. Ten | reaction
volumes with 2 U of enzyme were heated at 95°C for 45 min. Following which
5 | of the stressed reaction was added to the standard GAPDH PCR and
subjected to 40 thermal cycling events.

Calculation of the area-under-the-curve and late phase PCR efficiency

The method of Rasmussen et al. which uses the NCSS'" software was
used to calculate the area-under-the-curve from the PCR dissociation
curves raw data values derived from the Stratagene software MxPro
v3.20. The late-phase efficiency of PCR amplification was calculated
according to the method of Liu and Saint.
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20 respectively. They were dissolved in 1x PCR
reaction buffer. Ten | reaction volunes with 2 U of
wepwpnoessser e heated at 95C for 45 m n. Fol | ow PQI/820011000248
51 of the stressed reaction was added to the standard
GAPDH PCR and subjected to 40 thermal cycling events.
25 Cal cul ation of the are;aT%J(mder-the-curve and | ate
phase PCR efficiency The hod of Rasmnmussen et al.
whi ch uses the NCSSTM software was wused to cal cul ate
t he area-under-the-curve fromthe PCR dissociation
curves raw data val ues derived fromthe Stratagene
RESULT®dpe EMample 3/3. 20. The | at e- phase efficiency of

lification was cal culated 30 according to the
SerStV o L1 and Saint - wb 2008/ 010839

A ké&@éﬁ@ﬂ@ﬁl@mﬂﬁa’uﬁﬁs REIdnERivitpr Elcanipfined as the minimum
Sensitivit

I pl
amsiof it %rg% reqm'r%% q‘}; .Sbge'ﬁgsPéﬁearhﬁ qt:c'PmO ?ﬁ b&n%fﬁp‘fe&f above
bacgg{ U égﬁgg'br\yqﬂegﬁggcg’ké PRG fchfé ?é\a%&g’pl'ﬂh%‘?é‘fgé’ th& Iower the

round gi ven
Ct vahs, - thamcrreaslemmtlveThserthécﬁ(éR tWe dm\ensﬂraﬁeddhatalbweaddmg

nore sensitive is the PCR dm)ns te
coriallTHGErOBATGHIRS ner HbiLITds 4000 o BrBETa00) - Ferdion
we S'RAFRNEaIfT BARSHEARD. itsWesshanmt C@é%r@@hqwﬁfénm@n was
sensi ti Vi téO@]Reverse transcription was performed wth

perfosmedawith580Q argd Glotngl oRptadt RNA stprtiag emitgria diollewed by

a4 BhSat i, B! Uh Qbrg 0 prt e

PCRt(Fﬁg ey, We Qt’d@iﬁéd@r&dﬂcﬁbn valGtevahie af 8.98dd2.9, respectlvely
ectlvel . 15a) taken fromthe anplificat

(qum aiie@ 198 themplﬁl&ﬁm plots ojg elSie 26Tt 9anelé BA\?QTGP‘P?"%
2 d
a iaen3| v y'v%h%%vgéﬁ(}%geﬁw?hg{‘ dg‘?%ﬁﬁ@%%g r F‘y b 84 Asensitivity.
Coresigemirentthat gthéise edrlya SPRnehtal seadsl cof 25 RGRethies reaction
close . to theoreti L atlo%thlse tes to an

rate,isr £5¢ sonshePi g%%hh\{g(lfa Pea BRYAES. 18] @n |gverage

senfsﬁmty REL; &%?eétamhsﬁ L. \Wh Fact! e POR JHrRPIRE?dn Withe RT
0 ng of total RNA in the resence of macronol ecul es

prepared from 50 ng of total RNA in the presence of macromolecules
demonstrated greater sensitivity than the RT prepared with 10-times (500
ng) the amount of RNA in the absence of macromolecules. The dissociation
curves (Fig.15b, right panel) in conjunction with the agarose gel
electrophoresis (Fig. 15¢c) demonstrate that the PCR amplicons for all the
treatments were the same. When we added macromolecules to both the RT
and PCR we found an increase in sensitivity. The RT was performed in the
presence and absence of macromolecules (as above) followed by
amplification with collagen | PCR in the presence and absence of a
macromolecule (Fc 400), respectively. There was a greaterthan 3 Ct
decrease when the reactions were performed in the presence of
macromolecules (Fig. 15d; Fig. 15e, left panel). The dissociation curves (Fig.

15e, right panel) and agarose gel (Fig. 15f) demonstrate that the amplicons
were identical.
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denonstrated greater sensitivity than the RT prepared
with 10-tinmes (500 ng) the anmobunt of RNA in the
wab®eness3of macronol ecul es. The di ssoci ati on 2PCTSGUNO%000248
(Fi g.15b, right panel) in conjunction with the agarose
gel electrophoresis (Fig. 15c) denonstrate that the
PCR anplicons for all the treatnents were the sane.
Wien we added macronol ecul® to both the RT and PCR
we found an increase in sensitivity. The RT was
performed in the presence and absence of
macr onol ecul es (as above) followed by 25 anplification
PCRWtdtdwdllageaxpoﬁeﬁtl'ahphase efficiency and absence of a

ronml ec Fc 400 espective There
Ovegilh i wogy conairabife Bafiences indel owie depaitions,
resd?t‘?ﬁ(]gf @ H?éil\y'-%ld eQFe?%ﬂ@i@leerfs;lgeﬂiﬁérmhé&WfSS a2 (BFlg 16a).
. FIg. "15e, Teft panel) di ssoci ati on curv
AmgliicgtionslBere pegatmednial theambsages oard quESERey O 1%%00 with

deciRaR ARl dasol MBSt ] 44 §Ra kR & the
TaleDWWSdI cpdERs eccfckhirbioe y (RS ahlt (BYR iwi ﬂheﬂl masence of
consi der abl % enhanced under crowded condition

crowdisgl thenyielth wasyB-faldl dorgatatt thany the igld Fpat e geaction with

I
1 BB A et Do LT ORI e over
frondleipkepating ’&m]?tatnﬁa ofddradhe DﬂlAspmmerasrae fveragh sample
t
(Figg 0.8, TGN R)9) I [EPisE0h B8 Gpral GHSkIG G (Shciie PCR
prodi@! ?h%ﬁﬁ’o@uﬁﬂ)lq (géeﬁbﬁfgebhaé‘ peR YI‘se|g@nfeFé?lV‘ HBﬁarmlned by

react wi t hout crowdi ng, " per
the emegetion Téfficignaph whicheswmaélyt dkerpases @’fnthﬁtlé’@r axrpcwgentlal

amiEBOS PSS 70 07, S ARRAHRD el aleh 64 s SPplgtoaly
preal%féﬁ ahd cah bersedihed b?@*fflm&ﬁt&dd@ﬁonsﬂ&ﬁ(ﬂéﬂ@uﬁbse{ it YOO%) is
(i.e. yield) of a PCRis generally determ ned

no ioe\s@t peen.df ¢ thiseiaaponvine &1 insreraurgd @éc‘?l@%\%&‘tr@t “t@'ﬁ@eoﬁ” Ct

o L SAERTBUTE e TS % Ol TR S ation o

Fczmoetésqtte@l l@@fmngmm’c t\@ilumdfobytrm‘ fslopenat r@quleohal late-
(efficiency ?I ose f1 IS

phase which correlates W|th aster reac’non kinetics and thereby efficiency,

thus accounting for the greater vyield. in addition, the duration of the

exponential phase in the presence of the macromolecule was longer, adding to

greater yield.

Thermal stability

The key parameter of Tag. DNA polymerase that has made PCR so practical is
the enzyme's ability to function at high temperatures. However, the present
conditions under-which PCR is performed are far removed from the
crowded interior environment of Thermus aquaticus where the enzyme was
isolated from. We tested the thermal stabilizing property of Fc400 for Tag. DNA
polymerase and compared against known thermal stabilizers, trehalose and

proline. The enzyme was heat-stressed in the presence and absence of
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15 no |l onger seen. For this reason the C is neasured

as close to the "take-of f" & as the background
w@ersi1ss39 I n the aP2 PCR exanpl e above, the adeCT/861000000248

Fc400 resulted in 2-fold greater value for the slope

at exponential |ate- phase which correlates with

faster reaction kinetics and thereby efficiency, thus

accounting for the greater69i eld. In addition, the

duration of the 20 exponential phase in the presence

of the macronol ecul e was | onger, adding to greater

yield. Thermal stability The key paraneter of Taq. DNA
the pobygreenaieeulehat dospatibde Mesopp'nadbi tel RGR popehein the

preSRaS e, Galkne et hcAnid TRFRRS Serssarved the
Taqoﬂm bERin@b8e kasnA ArBcesb /g T hFoc §rﬁ<MGGF| innties | Presence

envi ronnent of Thernus aquaticus where the enzynme was
of psalingt e fim othe Aesenres of tthe otharm@ddiivai Ireligblgy enzymatic

act AT dofl i ek oreineT e <FonlBruBes i e, Imof the

amlidnd QFgy. of 6d1€r|gfﬁh§al$é1)l Vseotasurpasihg Siricesissithlose isienown to
presence and absence of WO 2008/ 018839

redpeeriheapelinadeomesatuss of RN/ A duplsK®secul e or conpati bl e
solutes prior to the PCR proper in the presence of
the sane. Only the presence of Fc400 and trehal ose
Prooessivityed the Tag. DNA pol ynerase's enzymatic
actiyit Fi.g. 16¢, and . 6 n the
inciasei pedeteain; RanaRRuRe ot srevmescRbras s PRlAspolymerase
d PAVCRES QrAHIRYPRISEC 1B anblute Y vGie | Avd F R8Aplement
ans tress. [I'eﬁ% fﬁ%tsdl ffe?gnce in the Tm of tn?@ me%rgﬁg an
straniisg .of 1 Gaiclei¢ gacidpaReDby initalnenzyme-prieingcid mlﬁmer complex

and) i€ BReaise Sl ideslf i1 i ‘WBolRapbade LORRIGH YeBnario

in MRsessi Vrder 16 tdaeesdi the mbidity e@fzbff&ﬁorﬁulebulés Ttaq.enhance
DNA pol ynerase _and reverse transcr ase to Froduce
professvibinPf| difger DAhpPelERT %S \A@r@m%@m@d rulassieal single-

s R bReoSRTEU 8 O Rht RV ARY pgenco of
mapropesissulest Sl'hisammmmh oseepmirg and polymerization event which
was then run under denaturing agarose gel conditions and subjected to
densitometric analysis. The presence of Fc400 resulted in an average
increase in product of 156% (Fig. 17a, left panel). More significantly, the
presence of the crowder resulted in larger DNA fragments which is apparent
from the relative migration profiles (Fig. 17a, right panel) derived from the
denaturing agarose gel (Fig. 17b). The enhanced processivity induced by
crowding was clearly apparent with the long M13 PCR assay (Fig. 17c). The
addition of a macromolecule mixture of Fc70/Fc400 enabled the amplification of
the correct amplicon (1547 bp) under conditions of limited extension time (40s).
In contrast, the reaction carried out in the absence of crowding could not
amplify the correct amplicon. Reverse transcriptase binds to the RNA-primer
(e.g. oligo(dT)) hybrid and in a single turnover run, a complementary cDNA is

synthesized. We carried out cDNA synthesis in the absence and
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invitro. In order to assess the ability of

macr onol ecul es to enhance 15 processivity of Tag. DNA
w@oiogomsase, we performed a cl assical single- BCT/aGzow000248

ML3 (ssML3) processivity assay in the absence and

presence of rmacronol ecules. This involved one primng

and pol yneri zati on event oéCh was then run under

denat uri ng agarose gel conditions and subjected to

densitonetric analysis. The presence of Fc400 resulted

in an average 20 increase in product of 15% (Fig. 17a,

| eft panel). Mre significantly, the presence of the
presencedesf cresingeddditivesr(fer 04 00).aBeasitametiiccanalysis of the

con g5 igho - AHLH ) Reeleep LT PO, (lBncialr SR slPid an

incréé@de (EfgtotavbéDNZKhepr%aba@@ed:fprsmaﬁal \GA%Y Ifaﬂucr@l bisbwded
crowd %vvas clearly apparent with the |ong
r

condubgayb@ 9 amdc)aﬁerrhélgggthmdpfufbﬁ detah lﬁblér dﬁép@@tmeé/ (Fig.
17di'nxture of Fc70/ Fc400 enabled the anplification of

‘he correct anplicon (1547 bp) under conditions of

limted extension tine (40s). In contrast, the

reaction carried out in the absence of cromdlng coul d
SpegHicityanpl i fy t he correct ampl i con. Rever se

We g\{eﬁ‘ggf(@?% fbﬁ@rgplllfg o Ic%l’%g 0;8!}‘9%% l ft@EI'ri%lg{vegtrag?et reglon through

starciang R dye ¢ONS, losg Sistayce forsi ﬁmdothT):arlmn@j swt(~4390
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denaturi ng agaros thé reaction roducts

primiete) an@ntiaﬁf(a’tsed (d%o 3Qﬁ)cr elaMé ofFigot al cﬂh@ph@i&‘@éel“mef
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prederit 7gnd %ﬁmét&{l t the Vemygticensnahhe mrannjerfaratied ln the
particular collagen |I tenplate target regi on throug
presenged &f nFeropolecyias, whareas [t ieantions meefofmes intke Tbsence

o ik Bl s s SRl gl A00F R s o
PCR hveadRfiR tdenisaessdf s pegificiiy wf tthevpsmelre as layredatt ef tealvding.
the | ower range of

Example 4

A study of the effects of PEG 4000 Da compared with macromolecular
crowding agents Fc 400-Fc70 combination on PCR profile

The experiment was carried out according to Example 3. PEG final

concentrations tested were 2.5mg/ml, 5mg/ml and 10mg/ml.

PCR runs were done on cDNA reverse transcribed from Wi-38 fibroblast mRNA.
The target was a 261-bp GAPDH sequence and the PCR conditions were:

94 deg C/ 5minutes
35 cycles of 95 deg C/15" 256 deg C/20">72 deg C/30”

Followed by : 60 deg C>94 deg C>25 deg C
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primer concentrations (100-300 nM (Fig. 18). The

hi gher prinmer concentrations resulted in high
whamkoissend but the specific product was stil|PCPs@menD00248

and dom nated the anplicons that were generated in the

15 presence of macronol ecul es, whereas the reactions

prefornmed in the absence of macronol ecul es only

possessed non-specific proa&cts. The success of the

PCR was due to enhanced specificity of the priners as

a result of crowming. Exanple 4 20 A study of the

ef fects of PEG 4000 Da conpared Wi t h macr onol ecul ar
Thecsamplienghages iveré 04010 rdacfiondo wioplicEtes.nT loa P%Rpmohxfctsi were

therpiin PP/ BGRESER 9ak #h SR wilh, oY ERoGelean  igatien o
bar@8 bl 8 EAd od ritadiHg Sy$Rirk BIBIRAdNIrE e’ £ 46820, POR with

transcribed from fibroblast nR 5 The target

crowgersastind abp2 GAPDECEBecsBpared tdw@n@gwd@dr@nd henee greater

ol Sud5d, BoB ML SHL PRd AL ap0ea «
decisbeCn séifsutf/l@? relate208d 11As18 3BisBEdi éﬁﬁQﬁé’ﬁl@Q%&ed@ melt

The sanpl e umes were 20 pl/ reaction in dup

peakiaf Qﬂ@‘?qt) Fobypioad ofere GAFHéH saayepae aFlmmg&r(As 8) @@nﬁrm the
d b
CTg)%ﬂJa rgg&dgyﬁﬁa @tﬁsgﬁs{ er%%goé’é %Pkb&fﬁ’rﬁ{ﬂxé’ der@f‘%? the
PCRo@lct 2R 11apt h crovvders show a -2 CT decrease
conmpared to uncrowded and hence greater 5 sensitivity.

Ané‘l’ﬁé/l@%ePCHD@%u%tdﬂ ERBfEIé 438nd distesdi@sl concentrations
sSno

wed a decrease in sensitivity relative to

Thé%&ﬁblﬁ ch ﬁ)?%b@ﬁdnﬁ)&eﬁﬂlaf i dr6RdEiR0¥ESWad NE X cy&@a&eé?faase
deg %pl cal of our GAPDH sequence. Figure 21 (A,

comagarednftpr eheunaopwdetuecongitiarhe Fbekeﬁmr@duee@ltm% due to

ir id of u
mag S or ke, PRl Miph R PR el 67 il pfore
incrfébsé us seasitivilh ehdrmh ugsioaldédCHIvsvenpst siffilag oW doncentrations,
owders showed a 2 cycl e decrease
PEG 4000 showed a >2 cycle increase in Cr, thus PEG 4000 is not an ideal

crowding agent.

Example 5

A study of the effects of macromolecular crowding on the restriction

endonuclease digestion of lambda DNA

1. The optimal conditions that would give complete digestion of A DNA by the
restriction enzyme, EcoRI, under standard (uncrowded) conditions was first
established. The optimal conditions established as follows: Target lambda DNA
(Promega Inc, WI, USA) 0.25 ug/ul; temperature of incubation: 37°C; time of
incubation: thour; enzyme quantity: 2 units of EcoR! (New England Biolabs,
USA) in a 25l reaction mix.

2. Then, the suboptimal condition, where DNA is not-or incompletely digested

under standard (uncrowded) conditions, was achieved by: (1) reducing the
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conpared to the uncrowded condition. Therefore,_ _
sensitivity due to macronol ecul ar crowder conbination
wW@R00B0#8369 and Fc70 showed a 4-5 fold i ncreasePCTSG2007/000248

sensitivity than uncrowded. However, at simlar wv
concentrations, 15 PEG 4000 showed a >2 cycl e increase

in CT, thus PEG 4000 is not_an ideal crowding agent.
Exanple 5 A study of the efflects of macronol ecul ar
crowmdi ng on the restriction 20 endonucl ease di gestion

of | anbda DNA 1. The optinmal conditions that would

gi ve conplete digestion of A DNA by the restriction

amem’ym@ thEcelﬁztymanEemRbbgndaederﬁﬂhﬂ(Htom@Qﬂ)peQ?Orfé‘ébild)@nénd (2)
est a bl‘ . The optimal conditions

redggpgﬂhﬁiﬁ@ﬁeﬁ?gufeo + Target |anbda DNA (Pronega
Inc, W, USA) 0.25 pg/ul; tenperature of incubation:
37C, time of 25 incubation: 1 hour; enzyne quantity: 2
3. [igesfioss reig® Rve(eNdheEngamied Biud! alhd;er ckivded nared Amdrowded

di wh

corfie S s Biin i febtihy B 28 P b FoR it se 2bove)

as (oo WHied) mﬂl(éltm@gfri;/m\l\ﬂ&‘r@(lﬁﬂ eyofhgul. {Lbn rg?m h@&g/ml
the WO 2008/ 018839 PCl/ SG2007/ 000248~ 72 anou

20raganin N DE/Orat 1ApHsHBL 28fuaimkB76pglnipend 568pgindn, and
(2) reducing the tenperature to 25C. 3. Digestion
runs were then carried out under crowded and uncr owded

4. Afteramdinirigothe r’eacbmmﬂh@geécﬁ&)rfsaﬂéﬁd @tB Péd%lr@ta stop isclalutlon
0

ubopt It see above Il ows: Fico

00“?‘1%)'6"&5&2%&\1%&% atﬁ«ﬂ/ﬁf %ﬁgc tiofigwy ama Wﬁpr 5 minytast |
20mg/ m; ND670 at 125pg/m, 250pg/ m, 375pg/ m, and
500 g/m 4. After running the reacti ons, the

3. Tlteadlgesteﬁ fregroestsowprdidestified asatgoagaobetgebglefiraphorems as
e
i SRR O FAERER e DR SERTL ) i Bl Phoress

was flenand baddy kicrdifiad By RIRidARh bROSSdd fteih%ges' s as in
exanple 1 with nodifications as tollows:” A 0.4%

agarose gel electrophoresis was run and bands
identified by ethidium brom de staining.
Results for example 5

Effects of crowding on the activity of restriction endonuclease EcoRlI

Under uncrowded conditions (Fig. 22a; blue arrow — lane 3), there was no
digestion using 0.2 unit of EcoRI after 1 hour of incubation at 37°C. Therefore
the reaction conditions have been rendered sub-optimal for any digestion to be
carried out by the enzyme.

However, there is evidence of a definite digestion, although not complete, under
crowded conditions due to Ficoll 400 at 0.2 unit of EcoRl per reaction (fig 22a;
red arrows — lanes 4 to 7). Thus a digestion was realized under crowded
conditions even with a tenth of the routinely used enzyme amounts in a
restriction digestion reaction.

We then explored if extended incubation could bring about more complete
digestion profile for all the samples. However, it was observed that the results

did not differ much after 3 hours of incubation compared with that after 1 hour
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15 Results for exanple 5 Effects of crowding on the

activity of restriction endonucl ease EcoR  Under
wap@sowsad conditions (Fig. 22a; blue arrow - PENeGB)7/000248

there was no digestion using 0.2 unit of EcoR after

1 hour of incubation at 37C. Therefore 20 the reaction

condi tions have been rendered sub-optinmal for any

digestion to be carried off by the enzyne. However,

there is evidence of a definite digestion, although

not conplete, under crowded conditions due to Ficol

400 at 0.2 unit of EcoR per reaction (fig 22a; red

incuB&liSYBindet aREBwletTonbitioh8Usig 22i) gRsis isaggests tlnaiﬂhemutyme
under crowded 25 conditions even with a tenth, of

actwleuaaélursathymcwﬁt?W@anﬁm( & they3 foiy 8815 PeFotbANd "ifice no
mcr?% est %%%ﬁeg\?aﬁé gﬂ?rl%gs %@gn explored if extended

out nore conplete digestion ‘
But I@lh@ér tevded sbhditibres, thanel was sHmeew eomplatevdigesiioneat/2 @f the

5 oumrSeDs Sk doBcmPin ehidhe VS <2LLB' g 24 5 red
arr 88/ %%%349 t& ?/ﬁ%%§@@%%3 difle 1tB GHAIRtAIR the! REELity of the
un g 22b).

rowded conditions Thi s suggests that the
enzgmeyeuen aftén ¥ hoyrsiat F8Cur at ed/ i nactivated wel | before

Thégzésw-igaé sga#qurleg,epcf rﬁb%dgﬁﬂgnggn elgﬂgg?.lgc?%%%% YAtes at the
temg,%%HFé Ridpitioh88 BBoWaS a nore conpl ete digestion at 3
the 5 5 concentrations of Fc 400 at which crowding

was set-up (fig 22 b; see red arrows) - lanes 4 to 6.
Thus crowdi ng was able to maintain the activity of the

Ne@®RZVDBx@HAB T 4L rthd diewderat 37C. Thus crowdi ng
stabilized the enzyne at |onger incubation tines at

Un%%ug@;r@?\ﬁ?dgfgmumtw@waﬂaiblmlue aIIGWNelJarI%I?))DéBI@ﬁ%WaS no
digestipn ysing G2 raw Q{ Eg&gl gﬁtern%r qude OII’ttolno S3398 Orherefore
the reaction conditions have been rendered sub-optlmal for any digestion to be
carried out by the enzyme.

However, there is evidence of a definite digestion, although not complete, under
crowded conditions due to ND 670 at 0.2 unit of EcoRI per reaction (fig 23a;
arrows). Thus a digestion was realized under crowded conditions even with a
tenth of the routinely used enzyme amounts in a restriction digestion reaction.
We then explored if extended incubation could bring about more complete
digestion profile for all the samples. However, it was observed that the results
did not differ much after 3 hours of incubation compared with that after 1 hour
incubation under uncrowded conditions (fig 23b). This suggests that the enzyme
activity is saturated/inactivated well before the 3 hour time period and hence no
increase was observable after this fime.

But under crowded conditions, there was a more complete digestion at 3 of the
5 concentrations at which crowding was set-up (fig 23 b; see arrows). in lanes
4-6 in figure 23b ‘it can be seen that the DNA is nearly completely digested
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15

di gestion using 0.2 unit of EcoR after 1 hour of
i ncubation at 37C. Therefore the reaction conditions
whawe/ossen rendered sub-optimal for any di gestPOnSGmone0o24s
15 carried out by the enzynme. However, there is
evi dence of a definite digestion, although not
conplete, under crowlded conditions due to ND 670 at
0.2 unit of EcoR per reacf4on (fig 23a; arrows).
Thus a digestion was realized under crowded conditions
even with a tenth of the routinely used enzyne
anpbunts in a restriction digestion reaction. 20 W
con{égﬁ S €5 Prsed-6 fn Rylrendes Thisubahnethatocriodding meuid indeed
re conplete digestion profile for all the sanples.
stabikrsciherenzymevansd exeapviepativgthalfiéer esul ts  did not
differ much after 3 hours of incubation conpared with
that after 1 hour incubation under uncrowded
ThugoREbwdings stabilized3the diniyns ughdsnger latubetione timase at the
activity is saturatedll nactivated well before the 3
temperatug MENHeReBHAPAYRI hence no 25 increase was
observabl e after this time. But under crowded
conditions, there was a nore conplete digestion at 3
Eﬁél.f.t t&e cPowaie Nbhat isgtdctibnwhdigbstionwdieagtions att reguced
23 b; see arrows). In lanes 4-6 in figure 23b it
tenmfaw%een that the DNA is nearly conpletely digested

Unc%) 6rc:foo ! tg%ﬁgggta%gé?éﬁp%/nqggzﬁﬁnve finaerMmeasesed %Hvﬁaﬁment

I'S nmeans that crowding woul d
thah%ﬁﬂwdédabmtommemhe enzyme and extend its active

In fcaRat, [anestubi o irmueTs croied BY Fitd E4GRG 2By and ND
67@5?5%@ ﬂ f%te '@‘l%@é%bnoﬁcéur@é@'vﬂﬂleom &5 1 Ghiem was not

rea tion reduced tenperatures Under room
crohﬂmﬂeﬁmDNAW&w@omme’lﬂM@lgashdve under crowded

oSl R RS SR e
sutf‘ggﬁr%%l 3R trowdengordRtions 8t 3018 pigé r’ééctlondmdceUE

estion occurred while in lane 1 which was not
crowded, the DNA was inconpletely digested.
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The results prelimnarily indicate that even when
tenperature conditions are 15 sub-optinal, the
wee@sdestszondi ti ons enabl e the reaction to occRCT/SE#D07/000248
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PCT/ SGZOO?/ 000248 77 Clainms 1. A nethod of nucleic
lification, and/or _of

pPo A OTneT eRReiF crdy swabhPels @il spEasan.  gndfer of

at Irﬁ@ﬁm@‘mé‘éﬁicﬁrﬁy, é%‘mﬂfﬁ%ﬂﬂfcﬁ'éigblﬁﬂg%ﬁgt Jéaﬁ? (one nucleic

met hod conprising cafrrying “out
pr ea@dd@odﬁyloa)enzvmeem metbod rcgmnprasn@sadyimgobmahm rethod

00K Do nch oREU PP < F e 1BHEY Bhe oPraaBjc-RFSTRqbydrophiio

onenwmnbkécbbseldviﬂmdéoﬁmlécblﬂar RS §ITef UKD feVEdtkDh and
radi us range of 2 to 50nm and neutral surface change.

10 QeU%eS%@%&hQ&%r@" ) &b leasti ane, orgamlc—basadeihydrophnic

t he u 50nm
Then{ﬁ%?ﬁmg%lgg%ob g%‘ gadétrx]@?éﬂlfge of@gtg)eﬁ%}rﬁ caém gl stirface
cl achangesher ei n the 15 nmacronol ecul e has a radi us

range of 5 to 20nm 4. The nmethod according to claim
1, (b), wherein the nacronnlecule has a nol ecul ar

. Wei ghe rﬁéth@@kd%ofrd?ngecegﬁn ZI @Q%ﬂ{ﬁ%cﬁ@B[e%b@has a

to any one of the
radius range of 2 to 50nm

The method according to any one of the preceding claims, wherein the

macromolecule has a radius range of 5 to 20nm.

The method according to claim 1, (b), wherein the macromolecule has a
molecular weight of 50kDa to 500kDa.

The method according to any one of the preceding claims, wherein the
organic-based hydrophilic macromolecule is at least one carbohydrate-
based hydrophilic macromolecule.

The method according to claim 5, wherein the macromolecule is a

polymer of glucose and/or sucrose.

The method according to any one of the preceding claims, wherein the
macromolecule is selected from Ficoll 70, Ficoll 400, neutral dextran 410
KDa, neutral dextran 670, PVP 360 kDa or a mixture thereof.
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or gani c- based hydrophilic macronol ecule is at |east
one car bohydrate- based hydrophilic macronol ecul e. 6.

wah@sietsbood according to claimb5, wherein the PCT/SG2007/000248

10.

11.

12.

13.

14.

15.

16.

macronol ecule is a 25 polyner of glucose and/or

sucrose. 7. The nmethod according to any one of the
precedi ng clainms, wherein the nacronolecule is

sel ected from Ficol | 70, F{&oll 400, neutral dextran

410 KDa, neutral dextran 670, PVP 360 kDa or a

m xture thereof. WO 2008/018839 PCT/ SG2007/000248 78

8. The nethod according to any one of the preceding

cl ghesmetiteer atcortiimg torany omel cafcthbepriesedﬁingod:lairﬂ@ vanerein the

Zlc E%%PWQ?Q%‘?%W}'Eﬂligﬁk(?ﬁFéﬁg& & ﬁ‘@%‘?@% Q(iln erein

the 5 macronol ecule(s) is present at a concentrati on
of 2.5-25ng/m . 10. The nethod according to any one of
t h her methtichgeedrdingsto anyeosienct the presedingotlattns avherein the

ananasromRi bl SsEntaTH B tinelingr 25 254RHy

a mxture thereof. 10 11. The nethod according to any
one of the preceding clains, wherein the
naaﬁmmeémd acerisling ta apwIneyobine piesedignclaifpg.- wherein the

Th
TSy R E S 78 Ao PR ASAOR S g
l S aiid/breRisdll 20@ apalqomeenasation oh2.&Heaghml, ot 3. mikhee thereof,

nmet hod according to any one of the preceding clains,
wherein the nethod conprises the synthesis of

Eﬁ&ﬁ#eﬁﬁfiﬁﬁ@d YacEbVin %hyf rdTbf R B+ec}§Hﬁfng E‘Bhlﬁs 2RAERSIN the

e presenc east one 0 pol ynerase
14. matemuédudd hascovidcoritytaf Ie$aiMmZmelﬁer ein the
pol ynerase is at |east one reverse transcriptase. 25
15. The method according to any one of the preceding

cl af s mathSd @icBofdify toahashd of theprddeding claims, wherein the

nucleic acid-modifying enzyme is at least one polymerase or nuclease.

The method according to any one of the preceding claims, wherein the
method comprises the synthesis of complementary DNA (cDNA) from
total RNA, mRNA and/or DNA in the presence of at least one

polymerase.

The method according to claim 13, wherein the polymerase is at least

one reverse transcriptase.

The method according to any one of the preceding claims, wherein the
method is a RT-PCR.

A kit for nucleic acid synthesis, and/or amplification and/or for improving
the efficiency, activity and/or stability of at least one nucleic acid-

modifying enzyme, the kit comprising (a) at least one organic-based
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16. A kit for nucleic acid synthesis, and/or
anplification and/or for inproving the efficiency,

W@ewswigsy9 and/ or stability of at | east one nucP&i/8G2007/000248

17.

18.

acid- 30 nodi fying enzyne, the kit conprising (a) at

| east one organi c-based WO 2008/ 018839

PCT/ S&G2007/ 000248 79 hydr%o%hi l'ic macronol ecul e of

nol ecul ar wei ght 50kDa to OkDa and neutral surface
charge, or (b) at |east one organic-based hydrophilic
macr onol ecul e of radius range of 2 to 50nm and neutr al
surface charge; and optionally at |east one nucleic

ac ingdroptiilicy mzgremalecale bf hioleTllar kiveight 56kianig bo0kDa and
claim 16, (.a), wherein the cromol ecul e has_a . radi o
r aRgHtraf Sulfabe somge 8 (B AARRSnODE: Qidy' Bashs), rgflgthitc
of Gl @bMoku® of fadivd pirRjeNof Do 5bANTBERA PBRIrarsiirtadeachatge;
radius range of 5 to 20nm 19. The kit according to

cl ainchakdipnatly at isaet ene nupleimacie-onedibdng enryse.

nol ecul ar wei ght of 50kDa to 500kDa. 15 20. The kit
according to any one of clains 16 to 19, wherein the

or gl kit dereRINGYEr €laith |16; (ECc wberdiacieemasraholeealst has a
one carbohydrate-based hydrophilic macronol ecule. 21.
Theatius rae@e P29 506Mt| ai n20, wherein the at |east one
car bohydrate- 20 based macronol ecul e is a pol yner of

gl ucose and/ or sucrose. 22. The kit according to any
oneTref Il aadmrdifgt do 2any woaeeioh tlm riécramndli/ecuhereis the
sel ected fromFicoll 70, Ficoll 40%? and neutral
deXpagemagcule hagsradbipra8ge & 2 4% ure thereof . 25

23. The kit according to any one of clains 16 to 21,

'wherein the nmacronolecule is Ficoll 70 or Ficoll 400,

19.

20.

21.

22.

23.

or Ehenikitt aceorditgr éof cland 18060 MszeirrdTe Jea0EMEecigghas
0 molecular weight of 50kDa to 500kDa.

The kit according to any one of claims 16 to 19, wherein the organic-
based hydrophilic macromolecule is at least one carbohydrate-based

hydrophilic macromolecule.

The kit according to claim20, wherein the at least one carbohydrate-

based macromolecule is a polymer of glucose and/or sucrose.

The kit according to any one of claims 16 to 21, wherein the
macromolecule is selected from Ficoll 70, Ficoll 400 and neutral dextran
of 410 KDa, PVP 360 or a mixture thereof.

The kit according to any one of claims 16 to 21, wherein the

macromolecule is Ficoll 70 or Ficoll 400, or a mixture thereof.
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24. The kit according to any one of clainms 16 to 23,
wherein the macronolecule is present in the formof a

w@odoanisss of concentration of 2.5-25ng/m . 5 PSI/SGHE7/000248

24.

25.

26.

27.

28.

29.

30.

31.

kit according to any one of clainms 16 to 24, wherein

the macronolecule is in the formof a Ficoll 70
solution at a concentration of 7.5-15ng/mM and/ or

Ficol | 400 solution at a c®hcentration of 2.5-5ng/m

or a mxture thereof. 10 26. The kit according to any
one of clains 16 to 25, wherein the nmacronol ecul e has

a viscosity of less than 2nPas. 27. The kit according

t 0 Tary kineacebrdihgi tos drfy tane26of witaims & Ho 28,1 wherein the

PorHEPESIE G ft oreseet. 1 108 T Fha' Saiiton 86 Fanfg Tration of
any, -'Q%n?g{ laims 16 to 27, wherein the kit is for the

/it
synthesi's” of conplenentary DNA (cDNA) fromtotal RNA,
MRNA and/ or DNA and the enzyne if at |east one

I . 20.29., The Ki I i :
aﬁeﬂg) :ﬁ’gs ﬁ%ccr%qhg)gm}(;arsgnyf 'chr?ﬁa Cﬁ e;cg%uﬂgsng% ﬂg\?gﬁséﬁlherem the

t r gAS&OhRSIaSEe iSth thEhR i d¢f @Elldihgolutiomay acctnoehtration of
clainse 16 to 29, wherein the nethod is a RT

. T-P 2

31.7.5- Tomog/orhEnséer licel 400 50 hinRt §i%§°§'ﬂtr¢%gﬁ ?xﬁégmg/m‘f
or | ¢-hase rophilic macronol ecul es, wherein
ea%ﬁ%&ggﬁ%ﬁggu@ i ndependently is: (a) at |east one
macr onol ecul e havi ng nol ecul ar wei ght 50kDa to 500kDa
and_neutral surface charge; and/or.(b)_ at | t gne WO
200619 198 38ce NS0 08N 089S 8 © 8%%’& ol dine "\?{ﬁﬂ’i‘g the
a rad| i @’Eﬂlé@gtﬁb@%mﬁa-éu” ace
cha@%gﬁ%é‘eegjﬁelgﬁa%\rngrer% cule m xture according to
clai m 31, wherein each

The kit according to any one of claims 16 to 26, wherein the at least one

nucleic acid-modufying enzyme is at least one polymerase or nuclease.

The kit according to any one of claims 16 to 27, wherein the kit is for the
synthesis of complementary DNA (cDNA) from total RNA, mRNA and/or

DNA and the enzyme if at least one polymerase.

The kit according to claim 28, wherein the polymerase is at least one

reverse franscriptase.

The kit according to any one of claims 16 to 29, wherein the method is a
RT-PCR.

A macromolecule mixture comprising at least two organic-based
hydrophilic macromolecules, wherein each macromolecule independently
is: (a) at least one macromolecule having molecular weight 50kDa to

500kDa and neutral surface charge; and/or (b) at least one
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5 macronol ecul e, independently, is as defined in any
one of claims 1 to 12. 33. A macronol ecul e sol ution

WO 2008088839 n nucl ei ¢ acid synthesis, and/or PCT/SG2007/000248
anplification and/or for inproving the efficiency,
activity and/or stability of 10 an enzynme, the
sol ution conprising at |east, one macronol ecule or a
mi xture of macronol ecul es a%' defined in any one of
claims 1 to 12. 34. The macronol ecul e sol ution
according to claim 33, wherein the solution conprises
the macronol ecul e m xture according to claim 31 or 32.
15 Bmcramptschitsdhating ree padius gargerat 2otoob @aml ands akutralosurface
for H% in nucleic acid synthesis, and/or

F ation and/or for inproving the efficiency,

act|V|ty and/or stability of at |east one nucleic
aci d-nodi fyi ng enzyne, conprising preparing a

3250| libeomadsamelesity mixtureagiccordingmty cHtainecal e wherain each

cl arictorsBoRhie TASBERYLR 88 et B, a3 B felfs 1 to

to ¢Raim 35, wherein the macronol ecul e(s) solution
has a viscosity of less than 2 nPas. 25 37. The net hod
according to claim35, wherein the nmacronol ecul e(s)

3350l pt ydkrBARlctud St (?W o QOLM ri'ucrgj @ §CId3§%ntﬁeSIS and/or

nmet hod of nucl el ¢ aci dlge I'on conprisin ny

out am}velifimﬁdlmhd/nr fdrhmpm\ms@ﬂteeeﬁkle'ﬂcyj a@tatltyrami/@aﬁablhty of
and éﬁ% | egst or gani c-, baS%\%@ 30 hydrophilic

mac P12 e frab? HEO MRYISING 2 ?‘ﬁfhpnﬁf mggmolpgul@lpr a

200&(.%&83%8@%&98@%@ %Q?éfﬁled% an Y Yo segé b,

surface charge, or | east one”organi c-
hydr ophi lic nacronnlecule havi ng a radlus range of 2

34: ﬁe e e a%?qm% Eﬁgl@e%omg@onaégor gmgg@ea %Ignmyv%‘@ﬁ%lmgﬁe so?utlon

cl acomptis¢otti2madfomdibeulethb@steatordlhg %o tRisl 34 & 38
or 39, wherein the nethod is carried out (a) at

standard tine and tenperature conditions, or (b) at
358xt Anfethod of preparing a macromolecule solution for use in nucleic acid

synthesis, and/or amplification and/or for improving the efficiency, activity
and/or stability of at least one nucleic acid-modifying enzyme, comprising
preparing a solution comprising at least one macromolecule or a mixture

of macromolecules as defined in any one of claims 1 to 10 or 31 to 34.

36. The method according to claim 35, wherein the macromolecule(s)

solution has a viscosity of less than 2 mPa:s.

37. The method according to claim 35, wherein the macromolecule(s)
solution has a viscosity of about 1 mPa-s. |

38. A method of nucleic acid digestion comprising carrying out the method in
the presence of at least nuclease and (a) at least one organic-based

- hydrophilic macromolecule having a molecular weight of 50kDa to
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viscosity changes of the macromolecule in solution.

The method according to claim 41, wherein the determining of
macromolecular concentration or macromolecular concentration range
for optimum crowding is based on estimation of hydrodynamic radius of

at least one macromolecule.

A method of identifying a suitable macromolecule and/or macromolecular

conditions for nucleic acid synthesis and/or amplification and/or for
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improving the efficiency, activity and/or stability of at least one nucleic
acid modifying enzyme, the method comprising providing at least one
macromolecule candidate, wherein the macromolecule is (a) at least one
organic-based hydrophilic macromolecule of molecular weight 50kDa to
500kDa and neutral surface charge, or (b) at least one carbohydrate-
based hydrophilic macromolecule of radius 2 to 50nm, and determining
the molecular weight and/or concentration of the macromolecule or
mixture of macromolecules with improved of nucleic acid synthesis, and/
or amplification and/or of efficiency, activity and/or stability of at least one
nucleic acid-odifying enzyme compared to a control macromolecule or
mixture of macromolecules of predetermined molecular weight, radius

and/or concentration.



