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WO 2008/018839PCT/SG2007/000248 1 Method for molecular
biology applications Field of the invention The invention relates to the
field of molecular biology, in particular to method(s) for molecular biolo
ng%ﬁﬁgﬁ%ﬁg For example, the method(s) 5 according to the |ﬁ$egﬁ“[128?17ﬁ?v§§/48
be performed to synthesize, and/or amplify DNA and/or RNA using at
least one nucleic acid-modifying enzyme for diagnostic, scientific and
therapeutic purposes. Background df the invention toA characteristic of
the interiors of all cells is the high total concentration of macromolecules
they contain. Such media are termed ‘crowded' rather than ‘concentrated’
because, in general, no smgle macromolecular species occurs at high
concentratiés kBB GEHUOPBNCR RN S ccupancy of 20-30% of
a given specific volume with a concentratlon close to 1 kg/l. Thus, these
Fialdlobth@Smdedfiiermn approximate range of 200-300 g/l to be considered
when using physical theory to calculate the consequences of crowding

TH SEHSe%ﬁlﬁcules ‘e}?lﬁgﬂ'so@z eac@%:t’"ﬂ &Bﬁr Q) g%ﬁ@f&g %

macromole thermodynamic an netic erfects
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have evolved to function inside such crowded environments. For example,
DNRe fidfomtidhirtile ofhrlssh QR HNAISIRIAS BRI NS BIB6T% TH‘”
didhadsengeetaaicAd seMpertinplapdessrowding is also termed the

excluded volume effect, because its most basic characteristic is the

mutual impenetrability of all solute molecules. This 25 nonspecific steno

BAEHRHSION isfalvaysdigsent, regardless of any other attractive or repulsive
interactions that might occur between the solute molecules. Thus,

o ou of
A B e A AL ot
mpsEoMAgCWeS ztb@w@gempmmﬁ/@m@mmﬁ@éwd@ séAtge than
‘cSRakarEiestissdaEe fiekbakaia thaldnaly eelinrittelrnapaecatalyzedat

reaction rates and ec%ﬁlllbrla made with uncrowded solutions in the test .
highhePaRRIRFBRRE FRAIPAEHIE rSRPH GO e EHHRAR ARG —30% of
a gheratpgdificediciowdgth cooditensratitiincrsdls {EHiIx@00Thus, these values

define an approximate range of 200—300 g/l to be considered when using

physical theory to calculate the 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 properties of other
macromolecules that are not generally appreciated (Minfon 2000, Ellis 2001).
Biological macromolecules such as enzymes have evolved to function insideb
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 repulsion is always present, regardless of any other attractive
or repulsive interactions that might occur hetween 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 resulfing
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5 Surprisingly, biochemists commonly study enzymatic reactions in

solutions with a total macromolecular concentration of 1-10 g/l or less, in
W\()vr%io%g/(c):lrs%vsvgding is negligible. In particular, all biochemical an%%}g@%%%tdgomg

reactions relating to the amplification of RNA and DNA for diagnostic,

scientific and therapeutic 10 purposes are done in agueous media under

conditions that do not reflect the crowded environment of the organism

they have been originally derived frém. Of note, transcriptase and

polymerases used in these systems are derived from thermophilic

bacteria, most prominently Thermus aquaticus (Tag polymerase). These
effigEmpephilic actefia resife AndSHivive ”ﬂ%]&’ t c??elstﬁgﬁj dne enzymes 15 ¢

derived from these organisms are employed under similar terhperatures.
enFyBSFARANER B RBFRATY EptAoH S aHib e madin ckithessrengatsohtions

in 48 tesvarkdrieiany s RRIHIgN A HRIB A G WRISRE FoWAed reactions
congditions in the bﬁgterla they were orlglnall¥ derived from. Taq

OPSEREHSE CEOMERF SARCivRS BB e (BdisrBRdde with an

inherently low processivity compared to replicative 20 type polymerases

ichd d ifi ides for.their hi . .
S B o R R e g et e bt with
a tefghyearranethaverise matiativir @ fot-ef Gegdotabksyjcid whie Rrpwatingt is
ne(é]@w@?ﬁw%rﬁeméﬂ'&thﬁ%@rméi}’%n'@ Bh%ﬁlg?gq 'RLEABAL RIS the

uggested that macromolecular crowding could enhance and/or martain
ampl rRESRIN PR RNAYoRREANHI offfie BiRENESiGmerirtiionanex therapeutic
putBisseaesreanrth Haisons H95, allberal ARsNRSIEHOEESIRA RIH%ID the

ref rgnce toa T4 %,C§H7DNVA@50J merase binding to its target DNA at

crq 8%1 tERPAFE RbME SRR BoVOALIRYE (BIRRrQHEI BRIy Gativgg, from.
Ofhvente, riesmbeeip @sr pddcpoiptesr asos athae srlikee s gineeningaiecosmis@iiom

clS;. ' ides that function as 30Q.processivity factors'
P e L R T o vAerase)
TheeeditrsssdiicThscin 765itR 483 auslidninclrhpboiecenibe anrgmes

deﬂoaap@éﬂa%géergaeé?ﬁs%% %?é“%%kB}@@&'We?%ﬂﬂi&r" f&%%@ﬁéf& The

olymerases such as the Ti DNA polymerase may have their processivity

Sirgvﬁ{é{ﬁ&émwp%%@it#e@%ﬁm@wse|i§avﬂﬁdr@f@s<ﬁﬂww¢e@m@nwork

in Fqribioeedoninorenimie beipgaahlieate action delikehailiing #1aBBcteria

e B el T RGhNE & B e CRRREEHE oo o

DNinglivigrbetasze mitie molymerastyafmhits tacget DINARAYRNG E Al r@PRSXive
) 0, Though. the current methods h
e oA P LS R el
higlopeprassivity tiatvivechoensricldanalsyiiag nighlyirheceasivhy didlegidal be
“cé@?é@‘%%}ﬁﬁéi@@HMRVW%%P&'%%HA%%%%VH?%@QQ%% Mhat

and hence in vitro. 15 Another aspect of in vitro DNA polymerization (as in
dogsppatNaiatayshABR SR &N KRl usipiagied isandiingrdowdgiqeagested
thé;ha%mﬁw'thﬂwaenawwﬂ?ﬁi@&@l@f&ﬁ@éﬁi@@@fﬁ!/@f t@%ﬁg@ﬁ”&%@ integrity
incorpora orr otides complementary to the targe .
g SR P e AR EMGE GG i F BRSEGE lidearmison.
19810 asalfiesughe thianea i delityéevelve nising thefanastable 20TRPIEREIATESA
ith .proof-reading properties,or having been engjneered to carry.
P B o B R o o egIne Alm i oweing
appleacheerisunagsiagitanessisityigayroeysbiedyandriglodigéditypsstitiures
rkglgig}ge'- nbmgles ' Jaliists i iolagical in.vivo
‘l DN lsyr%ﬁ?sifopcurs%ﬁ%%%%% é%\?\%ed en%/'lér%%rﬁe ?%v%%ﬁ%h@ﬂﬁ% eud
PTREESRIVEY iSEiRifo o MRRNSEdhHBRINScCA PLRsEMyECRIhsHavae tRINA in
crowding favors correct DNA base-pair matching (the match-making
effect) under physiological conditions (Goobes et al, 2003).
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4 From a biophysical standpoint, the absence of crowding conditions in
molecular biology techniques must lead to a variety of deficiencies when

“performin? these extremely widely used procedures 1) PCR -d)olymerase
ChAIRE A& BN 5- without chaperones and protecting macrom OIECGE7/000248
crowders, folding of enzymes is compromised and they are, albeit sturdy,

subjected to increased hydrolysis and decay towards the end of PCR

cycles; the polymerizing enzymes aré not optimally folded and perform

poorly under high temperatures after several cycles, leading to poor yield

(enzymatic 10exhaustion) and copying mistakes (reduced fidelity); the
aDJ,\Isz&enzyme, DNA/DNA, RNA/DNA, RNA/RNA and related

enZ IS AP compaRa e RN st A0l | RaTTiR) Yo Eassplesl HrezyRrsmal
pBuisirae. kitetitsrcompareglitaativat inwlyaicrasewithmparearingentTy pNA

iti h as low ¢ number. of target DNA, the 15detection ability

P et Pt A e S AR it cemtorobrugiens
lilsgh Hhiarpperituret dhgeresdiamunibiény dopinyswabliritsfd b enzyoection
IRCHYENS N Ry eaarth (9 SERRHRY BNfL PRRCASS WYy A SoQN Aer@ﬁ‘:cré%q ﬁtg I(Wjetically

hence the enzyme often fails to synthesize a complete complementary

B SN S G BC RS relame i Pt URBhasizing sherntidr AR gbatctsthe

biinginp epasificthin oot RsISIalarassss MNeRBIRPEMWYIEhoL) in 4
n ps)\éergle%réael CI?CR% Qaé needs to be addressed by methods that select
only {he correc?ﬁ’/eb a nﬁ?ﬂﬁ'@ﬁtarget duplex for further extension. 25Prior
art has tried to remedy above deficiencies by either modifying the

TREWRIMINg Sﬁ‘&éém%é%é@" '9 N inant expression, site directe

mtﬁ%genesis (Gottlieb et al q%Q%t%§§ﬁ 5%85%% S’egéﬁ%pg i %ﬁ?ﬁ'ﬁ%éﬁ&y go hot
a@qﬂmfthe underlying flaw of not observing that macromolecular crowding is
an inherent physiological requirement for a highly processive DNA and RNA

polymerization in vivo and hence in vitro.

Another aspect of in vitro DNA polymerization (as in a PCR) that has not been
currently addressed is the degree of fidelity of the polymerizing enzyme. This
refers to the -ability of the enzyme to incorporate the correct nuclectides
complementary to the target sequence, so that minimal error is found in the final
product. Current measures fo enhance fidelity involve using thermostable
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, physioclogical iﬁ 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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5 which is a subunit of DNA polymerase that functions to increase
processivity and VV00192501), or elaborate polymerization protocols
V{Wang et al. 2000). Only two approaches are documented that deal with
RSB tion of the PCR reaction medium as such. 5(A) Phd/RRgp07/000248
approach is based on the principle of water structuring and preferential
hydration due to compatible solutes, also known as osmolytes (US
Patents: 6,114,150A; 6,428,986; 6,3%0,073). This family comprises of
several low molecular weight compounds that may be derived from
carbohydrates (sucrose, trehalose), aminoacids (betaine, proline) or
oines .(homoectoine), 10.all of which belong tq the class of compatible
Frgﬁutgs.%‘\%{)e %\Sd%é:ltioﬁ %%?I%)eo 'Qr&ﬁaﬁh%of’elﬁﬁé‘f:ﬁeﬁglcgg\?%lgbéiﬂ?g Bt 0
mple@daeitbdtyr RCORigionsistitle aificula targitie opldtdieienpagorhen
pdrBRd AR IEIHRIY Tiehgaseq daugar At s only found in certain
lower organisms and actively synthesized in Th. aquaticus, is the original
1)Se0Re iofiimditsed WA RobAaaRse (Tag 15 polymerase). Thus, itis a
natural component of the interior of the bacterial cell and known to belong
- toithe.f robgpef arapatit e snlettind Spiesoatab R0 srihvad &elp thiesry of

' i extr hysicgo-chemical environ ts.,
e e A e s e T SR S
hyideyRi® Rt kesAY werds treiettlgbRGR aytdesannot 20 substitute
them. In addition, a small but significant decrease in melting temperature

- BIOMABRRAIR RBHEShare beRHER bt fRinafosaccrariges pasiy under
Ingrareeipesnirdypital REFErapejeras ki Bubtisds siaRogSHyihgic
f{gﬁg{} poi%mabg \(/:vhich trehalose a{]déhe ot‘g r |ike-compounds function, i.e
§ FEqURING The Aty T ?Sé?gt TPEESH ’saﬁlg%’DNA. They have been
; tly ffective.onl et or RNA a significant
?e%%ndlgafﬁyﬁs%ﬁ%ﬁ% wr?l%wﬂ?gfﬁé‘ ’b:ﬁlaﬁaarlze ’bygs%c co'ﬁnpo%’ndds {ﬁaﬁted
SBAURE/ BRI ORI BEeRifuNess HAIPelcakingm tessithiontisntak enttitpef

dhsse-teRetiesdo s Mt #e¢ips of their applications on PCR. 6
(B) The second approach is also based on the concept of structuring

- wéternsingtengime exediiiianepsutiles. [bhecagdiiompbRanepdictsmA the
ter0)to the PCR mj iven in W003053647. The nanoparticles
é%*?%?‘fé%@%ﬁ% r%é?é‘lﬁ'&em%ﬁ?eéigf’s”é&&??ﬁs"ﬁ%‘??@i%azmo12' WO3ina
. AN RRSRkINg, i i i
gﬁﬁ%ﬁ)ﬁﬁﬁize digtpéiﬁﬁtion olf _5ﬂ g\(l)¥n \?vpr{ilfg?% t%ﬁgtr? .%l?}é@fﬂ%@ the
Rivsicaldmitseohpinieamymeramivipayiibiesased dasabiivand oseeassivty,
diaisaed rearnsy eRdeRasisHel SHAFHEIBENGRE NS HARAGALIRG omplete

ali nl"nent f water molecules. It is difficult to conceive how water
RGNS iaRe GoiBiaEin Bt JEREY BoREoRoGHaR PRarse

Pk peodpetstures (close to boiling point of water) with its typical excess of
Brownian molecular movements.
- 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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Chebotareva et al., 2004 reviewed the basic mechanisms by which the
low molecular weight solutes (compatible solutes; osmolytes) effected a

molecular crowding phenomenon which differs from the principle of
R ZerEHE tular 15 crowding and is the essential platform of éﬁ’ﬁfﬁ%ﬁé?fﬁ&‘ﬁ?s
Basically, molecular crowders work by structuring water (kosmotropes),
whilst the macromolecular crowders function by excluding volume due to
non-specific steric repulsive interacfons. The implications of this basic fact
are significant: while one has to use hundreds of milligrams of cosolutes
per milliliter of solvent, 20 macromolecules will be effective in micrograms

to a few milligr ml of the solvent. This.keeps the reaction -
o AU B PEAYERS LB P A cRelbGigrebrocessiviy
andoNEH9ahon3, whishzreiepdpteniatotspod moplsi(ginakbeazyznat

regction. In fact, osmolyte,s in high concentrations can act as 'molecular
O PR RS hente 48R0 PRI Al A e L TIREA )98 of fhe
PORpeessian aled00d aEadodr. work before the PCR era has shown that the

addition of the macromolecules Ficoll 70 and Dextran T 70 to poiymerase
(Ayeliiofistirappieash derivagash aymigs ap Frepie b veat TN eeieying and
préiftdinghansirasyiefiing lnashmivial R e RIRREAS Wiholytes (US

a§Zimmermann & Harrison 1987). However, Ficoll 70 used alone was not
Palgrisidhi {6 halhs 28 B8R Setifratirain Ay, SoBHmiseaR] several
loviBle@ietieldr 1898hhavergivaied theit TnpossiblelerowdifgoaifectiiodRaesidd
of EcoF%V cl?ave}gemHowev(?r, ET(% results indicated t?at Ficoll had little
(CUSHERT TR R r SR U 15 2 R B2 L SEHIES POLITRACHR

S
allisfhesidaleidreimtteniei steprimpaliiEmptifidetof i cokliive ofrita derai

mo'?e%f&eﬁ@ﬁ&iés%%%?&%%ﬁ'@%Q%eﬁ@ﬁc‘f&t%ﬁgﬁ%f#gc%‘o% ith

material is usually very limited, in particular if only a sm ection o

diffeu fsachéeme FRpIRLefRs3uEs g dodr JEshal phrtfbnErriaalose, a

subifaiegisal HpTHORE  KuRARICovRN kBRI IR GRININ S JPHeRdized in
sperm) are availgble. The faithful and specific reverse transcription
ThorGEUELH . O, RIIETIRL SRHSGRE 10 ol VISR POVAISP BFRcsieRy s
potymnebase)f Taully, tapiehganmaradrfidelityf Basicthothe barbacterial cell
ortcomings as listed for PCR apply. The current remedial actjon i ior
= R R e e S TR R S 28,
tha) crbation theaevebsgrhinodificl revdirsiarshsaiftases iiphysitifiezitmnzan

enIRAMBIfCALIORAALCHEIRIRS SHAD g%@&léw%@;ag)oﬂézg\é’iﬁ?ath& far

advent of automation in RT-PCR, it has made the utility of enhancing this
frogfe PBINEDRABFAIRBIQCEH It ARTOrEERICRY$Or dbtdIHER) AusthapRanot

supialeef saeandistragd O downsirean. x@mmﬁne FREPEESEPH IRlting
¢ miniaturizatiog)gf PC 'n% I\gEMS_ ter%hno ogy, application of principles

CRPHHBHTe The BAVROAMEN Y BRI S DFBHE Peve Rl ARSI ROANSFS
baﬁistp%@zstr@tmbaﬂ sl Aypyedh PSR asdatincBNSubh s Bestigas auppesedly the
md& a?r{xtsanchy 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 oniy a small sector of their applications on PCR.
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However as yet, there are no reports of a combined approach to enhance
simultaneously both the first and second strand cDNA syntheses.
W§%@f§?ﬁ% { f the inven.tion 25 The presen'g inyention addressPeCs $h§2007/000248
problems above, and in particular to provide improved method(s) tor
molecubr biology applications under optimum crowding conditions. 8
Accordingly, the present invention relates to a method of nucleic acid
synthesis and/or amplification, andfr a method of improving the
efficiency, activity and/or stability of at least one nucleic acid-modifying
enzyme, the method comprising carrying out the method in the presence
I ic-hased 5 rophili macromoge le of neutral
O B b L B S o b st

usisgrenesiseird/oeaisiticion, heretsiitisinimprovieganicissicNeryataitio
theBBE/Rr SiRbIYRfA! IRaRIONSIBESIEIC sHId-mpMibing RRZYME, dhgmeiand

comprising carrying out the method in the presence of (a) at least one

mefpliginatlialy fyehdhing HacrBrablgdue WSy A P8 F RIS ARR RRGGHR b f
D f . b [ L

o B R i T RS0 898 lutiop o

5- sPhnEhdWaigtalrstafacéhaiiartiistativen asifopioreculEls) aarplicatigno Bfe

nahRyRRieBIHYSBANE R RGNS 21 AL BIR0AT RRRTBRURL Bdadivs
range of 5 to 20nrn. The macromoleculegs) according to the invention ma

S M, PRI O B D S0 AT ARG Sl 5 iUt

to ospeslcebhsedvassronadiecide abcordibg bibeniavention istauctured state

ar rate-hased hydrophilic macromolecule, The carb h%r te-based
o DR ATl e BTGP SRR g s
typisairexesdn elBramiciaamiieamacromelirarits according to the invention
may be a macromolecule selected from Ficoll 70, Ficoll 400, neutral

Chabetain\er 21 @ik R NMelrMgWestibn breirvPdiraismadny mearkothmdew
mdRAaEiaMagHheRARR0EIRBtRTNA SRURACIURAIR/ELS BrRLRe BicldARlr

Ficoll 400, or a mixture thereqf, The total macromolecular concentration
g eRRIemERPY zgma?hc%ﬁwansrﬁ@r s RiRgiAE 1o graRigrplecular
cra@iR@mgicdidvibee s gEntisudsfhrenmAcsamiolesniiemBabe AigarOiecular

r i S5:25ma/ml and/or Eicolf 400 at a
or QISR 67 FS DAY R ISP S e Bmolecyer
creyederslifighadione bvvexeoningay Have ik so dity rofriespetitn SieitaseFasive

int§XRIRe, %N@ﬁﬁ?iwﬁ%ﬁh@&imwﬁi@%ﬂ%&éﬁ’ e while one has to
2008/018839PCT/SG2007/000248 9 The nuclei€ acid-moditying enzyme

Usgisiirriifd nefiodBibiBRMSy 6 arfPaspEes of bee inveliiien nedy selkeat,

mdeRFhORSNEY MAraseARU;NHCINRFSyRWINRS, she eIl Ass HEiNg Ay
ctoft i?vr%ntlon a comé;)rlse the synthesis of complementary
0

the) RANRENAT ork 563 RIGA TR SRIOKEREA HieEneed n terme of

viscosity, pH and electrolyte concentrations which are key determinants of any
biclogical enzymatic reaction. In fact, csmolytes 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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5 presence of at least one polymerase. The polymerase may be at least
one reverse transcriptase. In particular the method according to any

S e invention may be any amplification known in t for

w2 g)r%n%q%ﬁ’%l? In particular, RT-PCR. 10There is also prow?i)%fg%%%/? 00248

nuclelc acid synthesis and/or amplification and/or for improving the
efficiency, activity and/or stability of7at least one nucleic acid' modifying
enzyme, the kit comprising at least one organic-based hydrophilic
macromolecule of neutral surface charge, and optionally an enzyme. In
particular, the enzyme may be at least one nucleic acid-modifying

o@s”l?&énl‘?om%u]@ SEANHERAOPIMRRIBIRY MEIRATE. HOWBVES, the RUGIRC

acid-modifying enzyme is not limited to poiymerase or nuclease. in
indipargel it frle®i Rt bt RifRstRe fRceR F?ﬁ%?'ﬁ)é%{%'l“l’or nucleic acid

2 é ynthesis, and/or ampllflc% ion and/or for improving the efficiency, activity

ndorst Bﬂﬁ)‘?rb{f 2P T4°RB nucleic acid- -modifying enzyme, the kit
Thid! §f@% @w%t 908&9@@ O@Dbg} %&%JE{@QBFH%%&G?&&QH‘B}@%P;%

of molecula Da to5 neutral surface charge, or

cra@@spaﬁé‘-\&r@arm@W@%@Hﬁbﬁ}ﬁl&%%@m@&ﬁ@w%@%%ﬁ@@%@tﬂo
is 090AMARE ReHHREILTRCS-FNENGE; iRNshRPHEOBAIMIaEMRast MR UKIRC from

acid-modifying enzyme. The macromolecule used in Inc k| Of&agﬁ?ctlons

”eﬁﬁi}%r‘i{i%}ﬂ%@%\é’fd%?ﬁ%% HERRERE A ROIE QOB ENP T R
or apmmboaa@@%be(miwajsmpmm& ableasdt apemicaomalesildelmixXttee
AL R e eP e R HE s

anl:iyyjﬁdqb titit mmafenm eaocﬂ memmsqffmxétsz Harojes M@r@ra’cpdrtfaﬂaﬁy)
Ba1ELR r}) @58\”9%@ TRetesaiRsy e iy %BFOBLHQS%%I leAst \WQrrent

orga ased hydrophilic macromolecules, wherein 10 each

rem%a&m@ﬂ@ém@ Hﬂﬂéﬁgﬁaéﬁﬂeﬁe(é?)% rulihs FevRiae bAsIetale REdHRY

miRROlesHEas MBI Bh59&@%@[}59(1@@!%Gﬂb‘&ﬁbﬂ%@é&éh%ﬁ@emééﬁs@

R R G BePAETS REeh v tm Ak A R BBu e Gl

Wft(arthaeam/eutIeﬁtaamdwaynmesﬁﬁmnmmmlm‘maa:tmmamdm;/f@ﬁmmtpmomng
hxsh%’tgmco'? foe P@CEV%QQQ/%W H% ALELFHDIC, &%ﬂ@ éL:téo?elasonable

rsing a one macromolecu e or a mixture o omolecules as

ylezﬂ@fméosa:n@n@ hetietide WNOledsvitsticamhd/(Opresers aigshcdtioppartreref
mifi@H%-RIRY dge PAReaL Ol PRAIBS ARG CIpIRGHIE S Y e dtissto

in nucleic acid synthesis, and/or amplification and/or for improving the
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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efficiency, activity and/or stability of at least one nucleic acid-modifying
enzyme, 15 comprising preparing a solution comprising at least one

W@%{gmg&cule or a mixture of macromolecules as defined %9&%9&%&3 48

whole content of the present application. In particular, the
macromolecule(s) solution may have a viscosity of less than 2 mPais,
more in particular, a viscosity of abgut 1 mPais, 20 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

Accfb%ﬁ? PUHacS SRV EhRaRIRIIAE NS ﬁ&%ﬂ%%a&%ﬁ@@ﬂfmﬁ@%
i least

acid é]éstlon comprising carrying out the method in presence of a
anQiAE ZERITERI AT 95 PHTERGRG BRIRHEG RS BTG hAETVY and/or

stammgrgllmerf@aée ar?é/iﬁgcﬂbm(céewllabwm{g' @ﬁﬁ@{ﬁ@gﬂ%ﬁ@h@ﬁ?@ thqi%prising
neutral surface charge, or at least one organic-base ropniic

caryidoftile ke ARG Atadiis PARGESF2 B Soniete Are R G RS
hydragrteliconta@patcitantard tineeiaad senfqeyatbemgenditigesiionlér) dhere is

extended tj nd.low 1Al it] (0] f 0 |

7R L R e el e iy
imprenEdhoidicarainiRgiNgyophifom SroNtIng! cdnisiashoNe aweeio Re-
mdBHGIRL ARl RydthRsisyaRdar eBmRllicaliP ARy fALIMREOINGHBE in the

efficiency, activity and/or stability of at least one_nucleic acid-modicfﬁying
PreseRFReT e AldeRstiRIaaNgPRRAGINY PR EIRFERARRIRAIRYNE 2
mdtaddislaimiyhersokbe asToRMEEsHIEis (B iad Ueask e gamiq)astadast
hydroghili%na rtﬁmé)lecullle of moleculpr V\{ei ht 50kDa to,500kDa an% ¢
oG AN SRR AP o o RN it B G N As B IHE B 5 e T
50nfrradid seutradsusfzaagd2nge50nm and neutral surface charge, and
determining the macromolecular concentration or macromolecular
10concentration range for the optimal volume exclusion effect with

ThemmeesevieEssits(ehagerrdioptie hadvaituansyrttradivphangstvd d
to RIGRMINNGLfiCIRGrOMPiREMArSORCERIBIgNAIRACTIRI iRt G olecule(s)

concentration range for optimum crowding may be bagg%g}n estimation of
acee Al SihRinE AN 6y ha G R IsAYFh Y SIS ALty I
pagfniizer gspesydhiersdsquonidedbmaiethrd afddantilyitg thsuitabletion is a

acromolecule and/or, macromolecular conditionsfor nucleic,acid
oo R aTe e R R e TReReine R, e et omeed
masTdropstelidityf dfieZovarbastoae i el giclporr wioglifgrseenyioresuhmse. In
camprisi ding. at crgol di ,

peffEllat B HABHBELR ° cRaskang e i RSB AP be

manEuTsHesldeute epiebBemar grllgt SoRDA 180 askibalfrrhantell SLkEée
nethaloIE) aiteaspore earkphydatrsbasaddiydianliliGimasrampiecuies
of radius 2 to 50nm, and determining the molecular ,
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/ml. More in particular, the
macromolecule may be Ficoll 70 present at a concentration of 2.5-25mg/m!
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.
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25 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

W ?8?603;(§ﬁf-odifying enzyme compared to a control macrorrf)o(fg&ﬁéogfmom“s
mixture of macromolecules of predetermined molecular weight, radlqs
and/or concentration. WO 2008/018839PCT/SG2007/000248 12 Brief
description of the figures Figure 1. llRstration of how efficiency increases
few cycles post-CT under crowded conditions (B) in comparison to a
routine (uncrowded) FOR (A). Figure 2. Schematic flow chart to show
the application of crowding to enhance 5 reverse transcription of mRNA to

TR B e R RARALNAT L B TYHE 6 RCATB . AOWIAgec

ofttherihesrdioP R yHigLkeat | dasplifieatioinrteryes mfoa&Znin@léb&fjﬂStdmﬁer, the

u itions.(red or dark dot curve - dextran) due to ,

e R S B s sl it P esis o

CQineleneria o hiton(cEUNDI Yot it RRRfgUreBNAMplifidatiddNAINes the

pri&yRe- SeRE Bagh Gidl-thp tﬁ@r@sgndﬁ{ecr&!\%%r%%@dmggsfb u%tt?e';'é:’coy)ne
400 kDa (Fc400, 2.5mg/m1) is 30.6 which is lower than or the

YRGB WIS EBHRRGor TdmEH A bR MsdirdAocainguie &, aspect of the

indempitificaiion survesy fanARRIbeeredipMIrealdingg, PGR sagdapiereded |
c nditior@.d}g 1120 Ficoll 70+Fc 400. Improved sensitivity by mixed _

P hacromo ef:u%r crowding. The combination of Fc70 and Fc400 at a ratio -
(7.5): (2.5) lowers CT by - 2.0 cycles compared to the control. Figure 6B.

THIR VL SERNIAY LyimesuRaerame Ig&&@é&rso%ddp& %%@ﬁﬁéa‘?t?on and/or

for improving the efficiency, activity and/or stability of at least one nucleic acid-

‘modifying enzyme, the kit comprising at least one organic-based hydrophilic

macromolecule of neutral surface charge, and optionally an enzyme. In
particular, the enzyme may be at least one nucleic acid-modifying enzyme, for
example a polymerase or nuclease. However, the nucleic acid-modifying
enzyme is not limited to polymerase or nuclease. In particular, the kit.according
to the invention may be 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
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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20 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
Wt‘ﬁé%“?ﬁésgé%sitivity due to Fc400 alone(4). Fc70 (7.5mg/m1 CT/5G2007/000248

Fc400(2.5mg/m1); 2: Fc70 (5mg/in’) Fc400(2.5mg/m1); 3: Fc70

(2.5mg/m0 + Fc400(2.5mg/m1); 25 4: Fc400(2.5mg/m1); NTC: No

template control Figure 7. Dissociatih curves from real-time PCR using

primers against aP2 under crowded conditions due to Dextran.

Dissociation curves from real-time WO 2008/018839PC
T/SG2007/000248 13 PCR using primers against aP2 under crowded
e Hﬂﬁﬂﬁéﬂaf?e%%a}&?a?ﬁﬁ%‘ HaT2 S ESERGR BafigRYRaKesying
mdligtartivesighenfOkRritoe3 @oiRe niratiors s d kel Yiargpeeifieibr (b) at
nfirme i melting temperature for aP2 (- 7.5(3%). ote
le%%e %F(‘)%b e%é% %i%%qgléﬁl%vbnﬁcr%v%géw %c@rﬁ‘(ﬂﬁoﬁ{gg re5 Bis iaﬁ?o‘ﬁr al

SUEi@RResITROBS real-time PCR using primers against aP2 under crowded
conditions due to Fc400. Dissociation curves from real-time PCR using
primers against aP2 under crowded conditions due to Ficoll 400 kDa

The% iRy ST sRERYIn Gl PRaIPANeHighEPHErPNcdRtrdisPrimerucieic acid

syntnessteativos AOpFRaRIOBMY SrTee s frocpryitnedinise nangitPend/or
S,{ar‘gﬁﬂ&tin temgerature or aP2 (- 87.5C). Note thF double-peak for PCR in

tncrowdad ganditian: iﬁﬁ’;’gf R CSRHR N 3h SRS dractemAisrysHY @
migfficienEynud @dReatitbe dedsipede tiial ghase dha RERe cohightect Gthe

prgs%lﬁtl ' f&é’J&He area under the curve for PCR with Neutral Dextran 15
410 kDa (125pg/m1) gives a value of 1116 sg.units as compared to the

control 853 sq. units. *calculation done using NCSSTmsoftware. Figure

Theke @a&%%@fé@%%%%BB%?E%QHH@J%E&MH&EQ@OM%@ use

. (2.5mg/m1) gives a value of 257 units as .compared to the contro
in Zaggem 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 fhroughout the whole content of ’ché
present application. In particular, the macromolecule(s) solution 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 combrising 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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sg.units. *calculation done using NCSSTmsoftware. 20Figure 12.
Calculation of the area under the curve for PCR with Polyvinyl Pyrrolidone
VP) 360 kDa (125pg/m1) gives a value of 8478 sq.units as compared to
t ezog(g)ﬁtlrsosﬁ%ozz sqg.units.*calculation done using NCSSTmsbftivara’’ /000248
Figures 13A and B. Amplification and dissociation curves from real-time
PCR of GAPDH, at routine and reduced concentration of Tag enzyme, in
crowded 25conditions. Figures 14Ahd B. Dissociation curves from
real-time PCR after reverse transcription of mRNA under crowded
conditions. Figure 15. Macromolecules enhance the sensitivity of RT and
PCR. assays. 14 The average Ct values for samples amplified with the
AC@%@B& @éﬁ‘%ﬁr cﬁﬁi%rg%%gl%dsinp{ﬁé( Bresanteting s SRtTaiRRg the
opdimwae rsFeTiog 7c6 miijiony anceFo#d0d@. SomglmiEjc THedasothesis fosald/or
arfNA-HE6H 95dhe R Was-o0R @He.S%ﬁQTeg@?ﬁ %.\ﬂ tyonyplots. eft of at
rﬁf’i\ﬂnel) and dissociatiomrvesgz (right pane or? e?gc%% sampﬁes. Hé)

leati HB8Yelaie ABRsIatiy RospraE S sthe pnatisi senayising aveviiey at
ledet \Rlsapderohradelescannites wiHeibe eellagerbarlidDleRdNdDgt least

resence (+ cro reen or dark colour) and absence (-

- © @ro%ﬂfépgﬁag/gﬁg HQ&%'&‘B%WB@W? ﬁ’(ﬁn‘i‘“@m%laﬁr&}f?é%@ PlHea to

50fid3ene@dndabsencartddbe csmr@cro:wdm;sa %0 néﬁﬁgc_gnglyolg%}gﬂggged
f nt.of total RNA u or the was a
e B B e e e e e
ansanefpiefiairC Rsamples off) desirtase gehdeniaiistrating ansperifroRaiar
caRARaHeAN T'%?efsrramés %B%é%n%ﬁmsa&%%%ﬁ% ARG minimal
_display clarity. The agarose gels were 2% and 15 the molecular weight
ViSGaHHARIINAREST B FR W RiRHeDN A Ter. The -ve control was the

PCR template-free control. Figure 16. Specific PCR amplicon yield and

h | stabili h d with
T O IeREIEA (A A Fe BP TR AeS FNAEIALS h caiApaRRscuar

coficen2Biipnwenegaséar topimplify drew®Rgpredychisn based on estimation of
hydrodynamic radius of the at least one macromolecule.

According to another aspect, there is provided a method of identifying a suitable
macromolecule and/or macromolecular conditions 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 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 éf

predetermined molecular weight, radius and/or concentration.
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20 the absence (-) and presence (+) of Fc400 (2.5 mg/m1). (b)
Amplification plots (left panel) and dissociation curves (right panel) for the
WP‘C%(I)QSS/(%%!FS performed with 1 and 0.25 U of enzyme are only shown, for
(§)ISp ay clarity. (c) Taq. DNA polymerase was thermally stre; ésfﬁz?ﬂéfﬂ(’"m
absence (None) and presence of 2.5 mg/m1 Fc400, 100 mg/ml trehalose
(Trh), or 113 mg/m1 25 proline (Pro) and then the samples were subjected
to a GAPDH PCR. Two replicates gér 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
Bri r et panel) are shawn for one replicate per treatment for display clarity.
—é&%@%&i&?ﬁ@%ﬁ%dard (MW STD) was the 30100bp DNA Ladder.
The -ve Cnt (control) was the PCR template-free control. 15 Figure 17.
Figdacroniletulforcroivting efiiciaces enayasepréeessidtys (apFHe seivES

processivity assay for Tag. DNA polymerase was performed in.th
or e S e B O B R A es By e ke

. amount.of sSSDNA . products, ( nel) and their.relati igration (I
it Sh e e TR S
revarzgritenisedntioganfue Bdirtst. @NA non-denaturing agarose gel of the

“long M13 PCR products amplified in the presence of mixed Fc70 and
Figieach Eganateifighenasdacivay fimannirglicansercy diktRgeghance
P(S8M13 was used as target and the extension time was 40s. The we Cnt

was the template-free negative control. 10 The arrow indicates the specific
Figargetwhictpisidsibn bpuiestafudaatP R eeactiesl-tias pR&8rnadéan trewded

coFRBENE A 90! ESTR/ECAT0MID 500 00 el BAE) 0o

ometric analysis of total products +cDNA) and

(12Bten/roldieAd R imesa tigastoriqicibpamsioaydttherndiieid sanirabidhat is

31(dght panel) through a denaturing 0.6% agarose gels (e). "we" is the 15
enzyme negative control. All graphs and migration profiles were derived

Fifiee shangsiretive agavesageiPTheradesyianmighoR keddv Wowded

S was th <b der. [ es, (b.c. ompgsites of th
B 0RO A b GBIy oy iabpn
Cuforlye undigesied cQ0Eithomd dtindbdratislsbolgssih&eased primer

specificity. Agarose gel (2%) of RT-PCR samples amplified with the
Figdlrmdén Peeplificahrnirtisesold e bPbtasir dremreshicid MsiBcurser
crivdatecEedRiGe40d 1R aneod Muimb et bl itbERSIRASINY mixed

concentrations (cong.) of primers. The specific target was th

TR S e TP AR S dTiak S SE e Bk R, ~

(THewe)Tawéeo T oy wasthy HER tenpleie terecoattobl The molecular
weight marker (MW STD) was the 50 bp DNA Ladder. Figures 19 and

Fig0rPSIR Wighsrewedessishpwts Aikdddaareaspulpateoviging aeowpeed

dh t itivity. FOR with PEG at all 3 tested .
03 GUBHEMHraRn SRy A 3SCPERESH Ser SRR el Tot 0 Uyl e

mBissocigtorar\WORGNB 188ROPEPIS GO 0002486ivity 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/mi); 3: Fc70 (2.5mg/ml) + Fc400(2.5mg/mi);
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 fo Dextran. Dissociation curves from real-time
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profiles show a melt peak of 90 C typical of our CAPON sequence. UC =
uncrowded; MMC = Fe 400 + Fc 70; NTC = No template control. Figures
21 (A, B): The figures confirm the CT values of the PCR products; 2%
WRgé?é@é%ﬁ%’I con?‘irms the identity of the PCR product at 261f)pT/éSE%é)&?/gg0248
22 (a, b): The effect of crowding on the activity of Eco RI using Ficoll 400:
a) Lane 1: undigested-uncrowded control; Lane 2, 3 & 8: uncrowded
controls; lane 2: 2 units EcoRlI, Lanés33&8: 0.2 unit EcoRl. Lanes 4-7:
crowded by different concentrations of Ficoll 400, at 0.2 unit of EcoRI. b)
Lane 1: undigested-uncrowded control; Lane 2, 3 & 9: uncrowded
ntrols; lane 2: 2 10 units EcoRI, lanes 3&9: 0.2 unit EcoRlI. Lanes 4-8:
P@ WK R ERET aDTcRRE AR Srendnchoenditions gie &p Reren 410

kIFagUES0R3 /(al) b Hffe chofsaigwdipgalsinalbe utighextran (NBHtRAO- Primer

a)Lane.l: undigested-uncrowded.cqontrol; Lanes 2, 3, 8 & 9: uncrowded
ARV S PR RS b b e metting
tempeisinrg: foronld2d by 715’ Giffddete ¢bacentiztcreakfie ICA Dextrarowded

SN0, at 0.2 unit EcoRlI. (b) Lane 1: undigested-uncrowded control;
Lanes 2 & 3; uncrowded controls: lane 2: 2 units EcoRlI: lane 3: 0.2 unit

FigerRE Lbresd=RioH urrRs wodifesantispneentiationg fewtaldmdranr:
L"§ND) 670, at 0.2 ugiéof EcoRl, Fgure 24: restriction digestion reaction at

FUAERNERT ST e 1° 26 LligddBIPARHIUN G EWRI drephial-time

PCanesi®y4r@ unioefitst aRE lamds? nmmdedﬁimawwamimog kDa
: : tral Dext N . Lane 5-7: Q.2,.

R S B B o b b e aon

ugggwafdtnbly Qeesbiciexeafrewsl 25Delaied e dbeptistiog therpeeatioa for
aWQM%%%S&%‘%E@@§W§’%ﬁ?&%ﬁ%’ﬁ@8&g&?% fgontent

of such bibliographic references is herein incorporated by reference.
Figure 9A. Schematic illustration of determining the efficiency of a PCR at the

late exponential phase of a PCR.

Figure 10. Calcutlation of the area under the curve for PCR with Neutral Dextran

410 kDa (125ug/ml) gives a value of 1116 sq.units as compared to the control

853 sqg. units. *calculation done using NCSSTMsoﬁware.

Figure 11. Calculation of the area under the curve 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 NCSSTMsoﬁware.

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 NCSSTMsoﬁware.

Figures 13A and B. Amplification 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 mRNA under crowded conditions.

Figure 15. Macromolecules enhance the sensitivity of RT and 'PCR assays. (a)
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The current invention applies the principle of macromolecular crowding on
an 5 enzyme-catalyzed nucleic acid (for example DNA) synthesis and/or
w3 Ii{}‘}g%ig%] in a cell-free environment. In particular, there is 'r9§/(i;g(?(9//0a§0248
IB4SLBhE Method of nucleic acid synthesis and/or amplificatFo ,
comprising carrying out the method in the presence of at least one
organic-based hydrophilic macromolecule of neutral surface charge. In
particular, the macromolecule 10 a&AOrding the invention may be (a) at
least one organic-based hydrophilic macromolecule of molecular weight of

50kDa to 500kDa and neutral surface charge; and/or (b) at least one

raanic. ophili 0 I Vi radi 50nm..i
e STy Jem MR IR T B A v
PreRafRed B ith RFETRER amtkiahepnaetiafy thad Bpwdera ity bf (@t e asy/m)
an@nemmg.somggiﬁmg PRNGAbIFASIPNRENZHNA B RGSREE 9F Alyas
least gne organic-based hydrophilic macromolecule of neutral surface
S0thatye. 1 ﬁ%?ticﬂl?varf\me?ﬁ%‘fﬁs’fbwé%ﬁ o et Agrolasgeiation curves
(rigificresntyl) activiy aﬁ_dR)L ﬁ&w@%.Of(a)]!Q@@tr@é‘i@ wmﬁ@mngjrw%pﬁamc
t least one enzyme in the presenc a) at least one organic-ba .
Zeﬁyﬂ(ﬁo%mﬁrgcéja 'm)@roﬁo eéger evir%ga\%%?(%ﬁ%%uﬁ?%e?@m Fg(ﬁ{ﬁ%ﬁﬁ?d with
Th%@@l{%ﬁ_@ncﬂ retitrbIRURd0e itieapges endb)(atdeast endgrganior biask dolour)
anBVdipREhednacERIEReARING gl D IANg PRl AR noligh
surface change. The enzyme may be at least one nucleic acid-modifying
Prepdiade, fBr ekEmpRicEEpsH mate Ao nuefeatie 25aEmeymerayders,
rediRcBVEyME reiiable forcte aurpese(af thenaresepuinveRtienmas g used

used. As mentioned the enzyme according to any aspect of the invention
forna eert Iea‘g?ﬁngor%cﬂﬁgz d%ogﬁ}i@r@ﬂ%?ﬁ@ﬁ&'@%ﬁﬂePBD?%@“d

didsnitieditn, aB0gRoiyigier aseadédrthaudhse. &onssample, theyarose  gel
may : 008/018839PCT/SG20Q071000248 18
de@%%ﬁ@@é Iiée agsrg%%};csz\%%cﬁscgﬁpta%@g{? %nnugjagg%gw Hphow one
Tel’eim?éﬁu&%a%@%ﬁ@macﬂ%éépﬁa}c@fdmglym%mymga_tsy\b_fera 2% and
thECSHERDIEN BNV BRF RN, 3PDPNGAL R OlUARI BRAT | adcer

enzymes may be used for the purposes of the Fresent invehtion. Any
t

Thayirégr pRIESHWAR iRRGR ipriiBeeaaEaltable enzyme to be used in
Figuny asPeCSPERcOIe=ERt iRvRPRSh  vield and Tag. DNA polymerase
thermal stability are enhanced with macromolecules. (a) A range of Tag. DNA

poiymeraée concentrations (1-0.25 U) were used to amplify the aP2 product in

‘the absence (-) and presence (+) of Fc400 (2.5 mg/ml). (b) Ampilification 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)
Taq. DNA polymerase was thermally stressed in the absence (None) and
presence of 2.5 mg/ml Fc400, 100 mg/ml trehalose (Trh), or 113 mg/ml
proline (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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List of DNA and/or RNA polymerizing and modifying enzymes
Therrnoohilic DNA Polvmerases: 10 The thermophilic DNA polymerases,
like other DNA polymerases, catalyze template-directed synthesis of DNA

WRAMBRILES e triphosphates requiring a primer having a frep§§‘%%%8?2{99?248

to initiate synthesis and magnesium ion is necessary. There ability to
sustain DNA polymerase activity at high biological temperatures enables
their use in reactions requiring thermal cycling. This 15 includes the
following most commonly used polymerases and their various genetically
engineered or isolated derivatives. Tag DNA Polymerase: [From Thermus
.a uat{' us] Half-life at 95C is 1.6 hours. 20 Pfu DNA Polymerase: [From

FIgIR e cLAThRERRIE AR e FOYEM e SRBABRRSt BHOFTSte RIOKRSHNL- (2)

ThhersidpBilicddbbsiphyyassrmsés. Vant DNA Rilynaesascvalspdufionvieasnihe
T itoralis]. Half-life at 95 C.i

e O e R 0 R B B o

ssfHBnBtd Bréspiafinranale ardiibiie Frintiaeeminaicatdiphteoaeds tieatigh a
deringinguerh dfferesdt assays. 7R aparasuhesivales aherfidatR gative

vary, particularly when the assays are performed by different labs. As

copbald RpBOAFRANHRA pRARIBRSS, PRllyAletagedondiddiing sR-products
areystbﬁiwleﬁs&xactivﬁyeg@@er?ﬂlyrhm hirey esier Bd&@ﬁﬂ@mhénérv@ mg/ml,
2008/018839PCT/SG2007/000248 19 polymerases with exonuclease
oI T b ERE o1 AL R B LR g ond the
exigpeitadivetvwwas 408 10hkteve xCI0-Sasrihs pembhee-fai. Rigative control.
lYMRIBSE; t lg@e{ h or.rat oughly,1. y
THé)ér)r%){r per bg'séé)%gﬁt%ng Verﬁtc'lis%r \%ggﬁg%?r&texr%ne? |a£é gﬂgfwéa\engiléa%%@d RT

repeliopryies RIRIAETRA tHe oy cahsriatRIE inTeRasiFr) @f JulyRER4S8 fuith

50CHYy etheryisaRad POoNEHiEsH e IH RSO BINBeIoRS e Masbrddedya)
ed me Dby far for myriad of PCR applications. Other _ .
R G ARE e BB S A Iasa AT b 2 asiodative

migTidioint bkt gzoied). A igtary deo pulngelERSads Ty gele aukanystie the
er%%@eﬁ%sg%éﬁre? nggrrl?r%?ss&lg’graphs and migration profiles were derived
from the respective agarose gels. The molecular weight marker (MW STD)
was the 1 Kb DNA Ladder. Gel images (b,c) are composites of the respective
gels omitting irrelevant sections. Abbreviations: dgt, digested; un-dgt,
undigested.

Figure 18. Macromolecules increased primer specificity. Agarose gel (2%)
of RT-PCR samples amplified with the collagen | set2 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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Mesophilic DNA polymerases:  DNA polymerase 1 (DNA polymerasg ):
(from E. coli) implicated in DNA repair; 15has both 5'->31(Nick translation)

ng i->51 (Proofreading) exonuclease activity. DNA pon%@ﬁ? %07/000248
invo@/eo(]:lélgr%greplication of damaged DNA; has both 5'- >3'chain extension

ability and 3'->51 exonuclease activity. 20DNA polymerase IlI: the main
polymerase in bacteria (elongates in DNA replication); has 3'->51 axon
uclease proofreading ability. DNA pB merase IV: a Y-family DNA
polymerase. 25 DNA polymerase V: a Y-family DNA polymerase;
participates in bypassing DNA damage. Klenow fragment: (from E. coli

B8 SEATSAE g MR et Sl e

UNERpiIRE VIing frcrée8ssde IB MG EeAsraigaiertentligesting away

ety B DO FaSE S er NS LIS GRoRroducts: 2%

Adeacter g agérofstheoiievityycsithidar GRtheold lenew feagment -it functions
as a 5'-> 3' DNA polymerase and a 3' -> 5' exonuclease
Figures 22 (a, b): The effect of crowding on the activity of Eco Rl using Ficoll

400: a) Lane 1. undigested-uncrowded control; Lane 2, 3 & 8 uncrowded
controls; lane 2: 2 units EcoRl, lanes 3&8: 0.2 unit EcoRl. Lanes 4-7: crowded
by different concentrations of Ficoll 400, at 0.2 unit of EcoRl. b) Lane 1:
undigested-uncrowded control; Lane 2, 3 & 9: uncrowded controls; lane 2: 2
units EcoRl, lanes 3&9: 0.2 unit EcoRIl. Lanes 4-8: crowded by different
concentrations of Ficoll 400, at 0.2 unit of EcoRl

Figures 23 (a, b): Effect of crowding using Neutral Dextran (ND) 670. (a)Lane 1:
undigested-uncrowded control; Lanes 2, 3, 8 & 9: uncrowded controls; lanes 2
& 91 2 units EcoRI and lanes 3 & 8: 0.2 unit EcoRl. Lanes 4-7: crowded by
different concentrations of Neutral Dextran (ND) 670, at 0.2 unit EcoRI. (b) Lane
1: undigested-uncrowded controf; Lanes 2 & 3: uncrowded controls; lane 2: 2
units EcoRl; lane 3: 0.2 unit EcoRI. Lanes 4-8: crowded by different
concentrations of Neutral Dextran (ND) 670, at 0.2 unit of EcoRl.

Figure 24: restriction digestion reaction at reduced temperatures: Lane 1:
undigested and uncrowded control. Lanes 2-4: 2.0 unit of EcoRl; lane 2:
uncrowded, lane 3: crowded by Ficoll 400: lane 4: crowded by Neutral Dextran
(ND) 670. Lane 5-7: 0.2 unit of EcoRl; 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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-used for the same types of reactions as Klenow fragment, particularly in
10blunting the ends of DNA with 5' or 3' overhangs 17 DNA polymerase:

Vs%om bacterlophage of E. coil) -has high processivity -some applications:

MK é% uencmg by the chain termination technique 15 -T7 RG2007/000248
poiymerase 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 Sédquenase 2.0, and are widely used for
DNA sequencing reactions. 20 Terminal deoxynucleotidyl transferase: (a
mammalian enzyme, expressed in lymphocytes) -function: catalyzes the
addition of nucleotjdes to the 3' terminus of DNA; jt works on

exgglesstriitel BNR, SR HInG S SIRPhAIRJCgrlIBIdIREREES DRuAerein

incopumed apphdatineused in adding homopolymers of ribonucleotides to
the 3' 25end of DNA,; labeling of the 3' ends of DNA with
radioisotope-labeled nucleotides phi29 DNA Polymerase:  -a highly
Tfm@uemivmpanﬁneraselfeamgrmmg sifandatigplieeniRerauiing on an
en%%’{@'ﬁgt § fopfnghly effigientisptheyma NAmpRlificggsTde RRAS:
008/018839PCT/SG2007/000248 21 Polymerase also
arpféisadensia 8 colgrer AINTRBRS hrdBREAHMI adhvTy BoRrRyided at least

onefeseriipty AUcKNY @;ﬁrwiﬁﬁés@%@@kl eipircatiae!lsoniprisdongtying

erﬁ%%ﬁg%gﬂa?”u Egg%%% ﬁhgzetnf %g Ilcgrygngrg[aonlyc:rlga%{ac ehydrophilic
macromolecule of neutral surface charge. In particular, the macromolecule
according the invention may be (a) at least one organic-based hydrophilic
macromolecule of molecular weight of 50kDa to 500kDa and neutral surface
charge; and/or (b) at least one organic-based hydrophilic macromolecule having
a radius of 2 to 50nm, in particular, 5 to 20nm, and neutral surface charge.
There is also provided a method of improving the efficiency, aétivity and/or
stability of at least one enzyme comprising using at least one enzyme in the
presence of at least one organic-based hydrophilic macromolecule of neutral
surface charge. In particular, there is provided a method of improving the
efficiency, activity and/or stability of at least one enzyme comprising 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 neufral 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 fo 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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5 amplification (MDA); unbiased amplification of whole genome; DNA
template preparation for sequencing; protein-primed DNA amplification
“E)act(%r/io%ps%ge DNA-dependent RNA polymerases -Phage-encoded
N -dependent RNA polymerases are used for in vitro 10 tFa%Té(S.ﬁaf%m 48
generate (defined RNAs. Most commonly, the reaction utilizes
ribonucleotides that are labeled with radionucleotides or some other tag,
and the resulting labeled RNA is usétl as a probe for hybridization. Other
applications of in vitro transcription including making RNAs for in vitro
translation or to study RNA structure and function 15 Commercially
available bacteriophage RNA polymerases: T/ RNA polymerase (from E.
polyBigraE RN o mETERBY IR RIRSSPs RRA PURfASFRasS @lonb® an
enSHN9BsYa WPBEBHIINEDSR) ReveismiianscspiazgsmRevaysbdransestiptisn

is a common name for an enzyme that functi RNA- t
R TRy A0S AT BT e BT e SR s e
forvinal RINBogenahéhmiorEINAt pmicrtbidts idtegsaila ineosersrbligiow how to

Commercially sianifi Is; 25 - ' o

s GlRlK RIanlARtTYRES QLIRS eneYRRYiRsdRu RN Rion,

Se\ﬁ(r:l%:nf glnﬁgﬁe%t%yp&gﬁi%e -A\?ilan rrfye?ﬁlgggg%is virtﬁg:qf:omposed of t(\)/Co
peptide chains Rgverse transcriptases have two activities:  -DNA

LiP Y QIR SR BB AMAI B dhanesEand alrde.ceioing ersereanscriptase
30copies only RNA, but, as used In the laboratory, it will transcribe both
single- 22

Thermophilic DNA Polymerases:

The thermophilic DNA polymerases, like other DNA polymerases, catalyze
template-directed synthesis of DNA from nucleotide triphosphates requiring a
primer having a free 3' hydroxyl to initiate synthesis and magnesium ion is
necessary. There ability to sustain DNA polymerase activity at high biological
temperatures enables their use in reactions requiring thermal cycling. This
includes the following most commonly used polymerases and their various
genetically engineered or isolated derivatives.

Tag DNA Polymerase: [From Thermus aquaticus] Half-life at 85C 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 THi 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 than the
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stranded RNA and single-stranded DNA templates with essentially
equivalent efficiency. In both cases, an RNA or DNA primer is required to

initiate sgnthesis. -RNase H activity: RNase H is a ribonuclease/that 000248
Wé)ebor(gé)é 51e RNA from RNA-DNA hybrids, such as are formed %%?Ha

reverse transcription of an RNA 5 template. This enzyme functions as
both an endonuclease and exonuclease in hydrolyzing its target. Uses:
Reverse transcriptase is used to cop§ RNA into DNA, to generate DNA
copies of RNAs prior to amplifying that DNA by polymerase chain reaction
10(PCR). Nucleic acid modifying enzymes and their applications

-pal E | El cail) -digesti DNA
P R B Be o S50 S R 3P s
hasaeesopiin)s)ly cardytess beereansie mf_(ﬁ“phdspha;ésfmmrm@mme Bair.
PraKbRLRIREE BNA RN Asve tﬁé)mwgé?@rgﬁ%?%ﬁa%q@%ﬂ{& YsLallys6 orror

products of the cloned phage gene 20expresse he enzymatic

PEIRRTS BRIDNCSS YRiNk & Makbably pateanrsieoRstwired srangtdfu. Error
rateastian RN Iy PSR IR ARSI BIHR:Ad Fotorhe:S ench@fse

a polynucieotide IA). The target nucleotide is lacking a 5'

T4 ok Sﬁé\"}fr A -
BN ATE B RN HE (o MU R R Eh BIpHoNRR L SPAR B YRS by far
fopSsymhesidedt chERieablicdtidhe "tbbangedierstioonsiangatBINA @liability
; ' S is incubated with an excess of ADP - in this
ar?e%ég?ﬂé@m?ﬁﬁsgt%ﬁr%%ﬁ%% p g%bﬁ‘% eg reanﬂ%%ehucleic acid onto an
ADP, forming ATP and leaving a dephosphorylated target. PNK will then

EREIR6EE déRnarsseration &R HUMRISH otic polymerase is encompassed.

Mesophilic DNA polymérases:

DNA polymerase 1 (DNA polymerase I): (from E. coli) implicated in DNA repair;

has both 5'->3'(Nick translation) and 3->5' (Proofreading) exonuclease activity.

DNA polymerase II: involved in replication of damaged DNA; has both 5'-
>3'chain extension ability and 3'->5' exonuclease activity.

DNA polymerase lll: 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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30a phosphate from ATP onto the target nucleic acid. WO
2008/018839PCT/SG2007/000248 23 There are two major. indications for

VJ)hos horg/lating nucleic acids and hence use of PNK are:’
008/0.1883

- osphorﬁating linkers and adaptors, or fragments of DNApggg%U?Jﬂgus

to ligation, which requires a 5' phosphate. This includes products of
polymerase 5chain reaction, which are typically generated using
non-phosphoryiated primers. -Radigfabeling oligonucieotides, usually with
32P, for use as hybridization probes. T4 DNA Ligase: (from
bacteriophage) - Ligation of blunt or cohesive ends of DNA Alkaline

hos ase: removes 5' phosphate. groups from DNA@W A. It will

4% rgeprﬁh?/e J‘g PSS f?é&ltm?%?eo?fdgg %E’%’S?Eﬁ@ﬁﬁq S gﬂ%,ﬁ@@e-
strarsledostraptatesat flralkialimeqeidsete At etins nainieNSofisgeseBactdigabting

W AIRS REARPRAISE (BAVS). i 10Ok ACive, 0l NG S0 ZMRES ISty
@ th%%rynpsrt gl;ﬁ‘lacult to istro é‘?ltﬁf %rrr%g o?atlhe gae%ﬁggﬁiorylaﬁoﬁ reac ion; A
segigPritssEnHraRansepretiprtase (CIF) is puirified from bovine intestine.

This is phosphatase most widely used in molecular 20biology labs
Ithough | ctive than BAP, it can be effectivel

T4b8[(\:l?\u§gi’y?nerggg: (f?ggq acteriophage of E. coli) y
-very similar to the Klenow fragment
-it functions as a 5' -> 3' DNA polymerase and a 3' -> 5' exonuclease
-used for the same types of reactions as Klenow fragment, particularly in

blunting the ends of DNA with 5' or 3' overhangs

T7 DNA polymerase: (from bacteriophage of E. coli)

-has high processivity

-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
tymphocytes)

-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 applicatién: 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 ampiification. The phi29 DNA
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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

W(%%@’Vg}gfégminu?es). Primary uses: Removing 5' phosphatepscl‘r‘F@’/r‘Fﬁzm7/000248
plasmid and bacteriophage vectors 25 that have been cut with a restriction
enzyme. In subsequent ligation reactions, this treatment prevents
self-ligation of the vector and therelgy‘ greatly facilitates ligation of other
DNA fragments into the vector (e.g. suboloning); Removing 5' phosphates
from fragments of DNA prior to labeling with radioactive phosphate.

P legtide kinase is mugh more effective in phosphorylating, DNA if .
P e e e S leras, (Broqeang) 8y sciing
proieoita kg0 RITISSPANROMIINAS 24 Restriction endonucleases:

- ) - sses: |,
SERZYMES ShRLAEANR mmm@%mw@ @%@ﬁ gqaa@

Il and Ill class llls the most common and commercially In 1t one 5
ARQlicadasss: Epine: ofiEfifestannRidicadians iftsdmalleriirimentisplacement
anfesiGeIMEeasehbifes hevie aangeas b S gaKemeoRigsianget

tranded DNA, endonuclease -some common applications:

préé*ﬁ%%ﬁh%’bﬁ@ﬂ”{%@&%é@?ﬂ A RIS P ARHRIBCRYRR: analyzing

DNA-protein interactions via DNase footprinting; nicking DNA prior to
BJQQ%ERQWAQ%QRHQWQQA polymerases .
-Phage-encoded DNA-dependent RNA polymerases are used for in vitro

transcription to generate defined RNAs. Most commonly, the reaction utilizes

ribonucleotides that are labeled with radionucleotides or some other tag, and

the resulting labeled RNA is used as a probe for hybridization. Other
applications of in vitro transcription including making RNAs for in vitro
translation or to study RNA structure and function

Commercially available bacteriophage RNA polymerases:

- T7 RNA polymerase (from E. coli)

- T3 RNA polymerase (from E. coli)

- SP6 RNA polymerase (from Salmonella typhimurium)

Reverse franscriptases

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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15 Ribonuclease A: (from bovine pancreas) is an endoribonuclease that
cleaves single-stranded RNA at the 3' end of pyrimidine residues. -some

plications: eliminating or reducing RNA contamination.i
WOHRRILER &&ﬁibb%mmoozgs

preparations of plasmid DNA; mapping mutations in DNA o

mismatch 20 cleavage (RNase will cleave the RNA in RNA:DNA hybrids
at sites of single base mismatches, and the cleavage products can be
analyzed) Exonuclease llI: (E. coli) 22Removes mononucleotides from the
3' termini of duplex DNA. The preferred 25substrates are DNAs with blunt
or 5' protruding ends. It will also extend nicks in duplex DNA to create

ingles ded gaps -Used most monly to prepare a set of nested

S e U A R aT Lo DB o TAIEe 24 Bl iBLL fovaent
eﬁmmEfn&mhamemWa@ﬁigﬁimgmmmwmm(@m)iﬁnmsmhesis.
-RIERM A6 AR RR S RIOSPROfiIeERA0d $hif tSIRRI0 GRNARING: B
hydroxyl group at the 3-terminus. The enzyme can also act as a
RH :%éém%ré%awgis%iﬂo%r@ofpéréagedyﬂaadm%‘g@ytf@mérmﬂgrpnfa@prﬁw
tefrpraterdrnagomherdacio#sDN Adoth an endonuclease and exonuclease in
hydrolyzing its target.

Uses: Reverse franscriptase is used to copy RNA into DNA, to generate DNA

copies of RNAs prior to amplifying that DNA by polymerase chain reaction
(PCR).

Nucleic acid modifying enzymes and their applications (non-polymerases)

Exonuclease |: (from 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 ‘reéction”, 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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-Applications:_studies of DNA damage and repair single cell
electrophoresis (Comet assay); antitumor drug research; DNA structure

Wrgzgﬂea}ré:lg. 10 Endonuclease V: (from T.maritima) -a 3'-endonuclease

WRICH Intiates removal of deaminated bases from damageaP BT\I/%(?ZOGWOOOMS
including uracil, hypoxanthine and xanthine. Endonuclease V is also

active toward abasic and urea sites, base pair mismatches, flap and
pseudo Y structures, and small ingettions/deletions in DNA molecules.

The cleavage site 15 generated by Endonuclease V occurs at the second
phosphodiester bond in the 3' direction from the lesion. When an excess

of the enzyme is present, the primary nicked products expeli
Thesgeaff Hieking' 'é‘ﬁ%‘Sﬁ H@ch%ﬁ?éé? ha?@as{%?n&” Sé%? in% ft%ge%% & hence
usglotiplekstnanded break. At low concentrations, Endonuclease V first nicks

,Ph?%sg?w\é Sletarglglnlﬁ ﬁ%@?sle%i\%n%#%ﬁ%@ %Q ﬂlgﬁﬁ'{etﬂtéhﬁfwg Qfs,tlé‘?dp@?lﬁde to

ecu gle-stranded DNA Is cleaved with much lower efficiency than

ligadioublestardatiBA Mgheehaie T iRsutequREE oAz PRIy meTase
ché}sft%a%éli%ésﬂﬁﬁmﬁzé}?aﬁé _'r'y'kgsagm[g %@A%Paﬂem @mﬁ@l&mg-ﬁwﬁimy@s@@mers.
A . agenesis an repair; Mi tch cl C G :
RebUBRRHOS PHGROLRRRLORE AR SHilbenie daagre 56 RyBHOIEAHn
pr@gyjeoxyribonuclease. It selectively digests the phosphorylated strand of
double-stranded DNA. The enzyme exhibits greatly reduced activity on

sing_le-gtrand(_ad_DNA and_non-phosphorylated DNA, and has 30no activity
T4dDNikksomse | finedbactiepritagds in DNA 26 -some applications:

§ gﬁg?{%ﬂf}% %ﬁ%&{%%?%g@é’&ﬂ&&p@w@ for use in: DNA sequencing and

halysis of L single-strand conformation polymorphism (SSCP);
Producing single-stranded DNA from double-stranded DNA fragments. 5
AMERY mmse: (Mung bean sprouts)

removes 5 phosphate groups from DNA and RNA. It will also remove
phosphates from nucleotides and proteins. These enzymes are most active at
alkaline pH - hence the name.

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 ligafion 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 5'
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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-Digests single-stranded DNA to 5'-phosphorylated mono or
oligonucleotides. High concentrations of enzyme will also degra(ljde
ouble-stranded nucleic acids. -Used to remove single-strande

W GERSIoha from DNA to produce blunt ends. 10 Nuclease B T/312007/000248
(Alteromonas) -Functions as an exonuclease to digest both 5 and 3' ends
of double-stranded DNA. It also acts as a single-stranded endonuclease
that cleaves DNA at nicks, gaps angfsingle stranded regions. Does not
cleave internally in duplex DNA. -Used for shortening fragments of DNA at

both ends. 15 Nuclease Si: (Aspergillus) -The substrate depends on the

f d.L oncentrations of Si nuclease digests
R%@’g&éﬁaﬁﬁ%%%%\gsgg?:Rolfy:,&gm\]/ﬁﬁe ﬁBIeQZ?Pé’ﬁdeH’ﬁuc?éigaét%@Sphate

bagopon®efANNA:RNA and RNA:RNA) are degraded by large 20 .

-3 eRpeentratipgs ofenzyme. Moderate concentrations can be used to digest
double-stranded DNA at nicks or small gaps. -Used commonly to analyze

-clgse Uiis dherees IO RRAARFHERIS TSI alade e ertaphimg, and to remove
single-stranded extensions from DNA to produce blunt ends. 25

RLbonuqiease Ti: (Aspergillus) -An endonuclease that cleaves RNA at 3'

Nubz osphates of guanine residues, producing oligonucleotides terminal

-Clganmositigeiphosploatesis- sedialtentfongrigaignealed regions of RNA
from DNA:RNA hybrids. WO 2008/018839PCT/SG2007/000248 27

Ribonuclease H: (E. coil)
Deoxyribonuclease I: (from bovine pancreas)

-cleaves double-stranded or single stranded DNA, endonuclease

-some common applications: eliminating DNA (e.g. plasmid) from preparations
of RNA; analyzing DNA-protein interactions via DNase footprinﬁng; nicking DNA
prior to radiolabeling by nick transiation.

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 IlI: (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 fo 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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-The Ribonuclease H (RNase H) specifically degrades only the RNA
strand in RNA-DNA hybrids. It does not hydrolyze the phosphodiester
bonds within single-stranded and double-stranded DNA and RNA 5
W SHIRUEEHS: Removal of MRNA prior to the synthesis of th& SEEGR7/000248
strand of cDNA; Removal of the poly(A) sequences of mMRNA after
hybridization with oligo(dT); Site-specific cleavage of RNA; Studies of in
vitro polyadenylation reaction produ%% 10Ribonuclease I: (RNase -an
endoribonuclease, preferentially hydrolyzes single-stranded RNA to
nucleoside 3'-monophosphates via nucleoside 2'-,3'-cyclic
nophos e intermediates  Applications: Removal of RNA from
Er@ﬁﬁ&”@ﬁﬁﬁ%ﬂg Removal of RNA fro?np15recombinant protein
-Thee faratondeRipoN ckemgnjzeteatiom bissays Widinieféhd) caitiesthef dsDNA
an@a&&%{v&éeﬁ%éep%%%%%&?e?%%ﬁ%@g@ fﬂg Q}%@]ﬂcﬁghg}gﬁ%a hydroxyl

macromolecule is at least one organic-based hydrophilic macromole

IrerRRintiiesdristeishiarg Bl RO BB ol ctlaR: AshyRh RS insteaser that is

abieetghiePihol FkRasihbgPkBRidNdPaslisHEp Hag MRFFOMOI8sHIS JBaLRAY
dsﬁmglecular weight of 70kDa to 45DkDa. More in particular, the
ma

omolecule may be a mixture of at least two macromolecule with
-Adiffemitmaolsiodlas vedigiNAlikafriagl Zhdiephit08ingéPc360ziectrophoresis

St R i G X G S R

Further, the macromolecule may have a radius range of 2 to 50nm, in

ERRIHGHIBEsR (@ anm TTheMagfomolecule may be a carbohydrate-based
E{y)drophilic macromolecule. For example, the macromolecule may be a
_a o

IGRHEANHE s8Rt UTRIch Ipiigiae remgveb_Edsamitated leares\iyom damaged

DRAPSHHIGHRGPEIBCRARMMANBAAS 28 d hesMpRIoR MR RS dessEibad,
more d(aai with reflsirencet nul%l%c acid amplification, and irrg)articular

ir
A S NI, BR AN VG HLED T BB HAL DI TR GHRo AP 2NSCRaP ¥
st tiosesf andesria Ansrdionsttelesipnth ésigNmplificatidssmetzodelegigs site
[ i h onstruc n enhance the nuclei
S L o st BN R e
3 tHEegliondiin SrrerianhdMhgromer exapiticelidrentstivdkriovpnasete the

priviy StHidrele deyelered anpyis Haeds Fudhshqthe R8I0 on  the

comlé)rises the application of the macromolecule according to the invention

COR NS REDd (S 8pffhe'§RYiPRe ifRenBorfRieBtEHdsApaRakiheAliselow
contthemimiontlesulerecertinfgdorimdnyemianierimpraMnetisns located

o e SR NG S e HE N B SR
migslouldvirer ceffisideoyd ttmapplyylitegsinendedlsaNa. thdgTticteicMeard ions are
rei%ﬁ%ﬁﬁ 8529%@?&&9@0“ improving the -efficiency, activity and/or
-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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15according to the invention. The present inventors have targeted a
spectrum of parameters that may be influenced to extend the applicability

\&gmo%/ﬁﬁi echniques for research, diagnostic and/or thera%%?rt) C2007/000248
purposes. These parameters include but not 20 restricted to (i sen5|t|V|9y,

specificity and efficiency of FOR when it is the pertinent DNA amplification
procedure, (ii) productivity, proces 'Lé(ity and fidelity of the DNA
polymerizing enzyme (Hi) 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 25

-sothdisgiakoie RelEngiNNRKREUEE--R8BS iR 3RHELIAPIEHUSE in; DNA

detectable amplification from low concentrations of target. Processivity:

SCOLGRRY ofMCRBIRE [RyrihsEainiRh aBRicEmZjioR: detiRIERNism
(SSam Rrgetchificiagizy-satmatampliidationipabsndteyaie doataddyidhes.
slope of the amplification curve. Fidelity enzyme's ability to add correct

complementary WO 2008/018839PCT/SG2007/000248 29 base
MusgHessddatceperr(Miiadtiess sifdeds)Productivity: ability to use a

-DifragtonRficosttinehs 4 S8R LORCENBRUSHHI-RRRM M F8ieiRfigucleotides.

amplification. The present inventors provide high-molecular weight
o

High sersefictions cbesavnepsit RisooResradpidaubiveiapdrdancisieacids.
-UdsigebfesradNa siibasie ansdosaayifieetirshbonadieresoskiel arIRHERSS.

limited to PCR, at such concentrations that do not affect the solution
viscosity, pH, ionic strength or reporter dye fluorescence, where

Nudppﬁem 611 a(MMad@Naﬁs)synthesis and/or amplifica.tion procgdure. 10
Fughestmatods ipquled magtomaleqtls conceniations.Js IIVGRIRER.

employed biophysical tools such as dynamic light scattering an
DN¢isticaipnaanjstiasthelpaie-sigetemhpndy thiclstae dhdt sHapeesHahc @irisitits,

gad enaciamalauies i@@gﬁ'&i%dgéiwpea@a@éhﬁ@%mm@m&t DNA.

which 15 crowding actually set-in in a E}ugrely biophysical environment and
-Usedioy sheripninedhasnineidpbithalireiiigsdn DNA and/or RNA

synthesis and/or amplification. Increased Specificity. The inventors have

Nu SRR TAEI PG Rigr crowding to

-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 (81 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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20 obtain a greater yield of specific-length PCR products as determined
by their dissociation profiles in a real-time PCR. The specificity of
wam Iig}ciatig)gn depends on the extent to which the primers can cr'%%%oi%%oous
Ahd Bind to sequences other than the intended target DNA sequences.
Although conditions are usually chosen to ensure that only strongly
matched primer- 25 target duplexes are stable, spurious amplification
products can nevertheless be obsefved. This can happen if one or both
chosen primer sequences contain part of a repetitive DNA sequence, and
so primers have been designed to avoid matching to known repetitive
R;Qd,\lﬁcsggé@me;g i&%;ding 30 large runs of a single nucleotide GGG or
CcC ﬁAccidental matching at the 3' end of the primer is critically
'Tf}ﬁp% QRESRFRGS Briagerd nshesdirallYrsrpsapetantitlmiBAtetead in

RigrirmeAargetideplexessniess theddorpd qh@eplﬁ%mﬂfo‘éf@éﬁ/i fr%@&%bl wit?in

-matching. 5 Increased Sensitivity. invent ave tested the ability o
8"215%(% %gdﬁrdo G‘éae%gggé%ﬁg@gﬁﬁpﬁ&%t@gmow concentrations of
-Amtipiimnaviedetined thBNAgreerdicstrsitivithefitheffGzRsdadn dest-sindeof

[g@g,ing fisamplification Q\QQW the In oration, of a fluorescen
y dye SYeBR 10 Green tf?at@ég bin %ﬂﬁ%%b?éﬁ-é%@deg Ry ?Héi%aé}? efﬂ'tth
olightAd inRisnereejiciccleayagews! (BNAcHademdiaprotineipelyadenylation
regetstiieadigngising fluorescence based RT-PCR. Fluorescence values

are recorded during every cycle and represent the amount of product

amplified to that point in the amplification reaction. The more templates
Ripeeseiaztethe RBgisming of the 15 reaction, the fewer number of cycles it

_fak oint in which flugrescent signal is first recorded as
B ShS o ISR s P i
nugiggeileR oaswsingsitlentesp avient wodleenitatidis Bidhiceantamphosphate

infg1pleckaes; by macromolecular crowding, we aim to show that it improves

the sensitivity of a PCR by lowering 20the CT of an amplification run in a
Aﬁ%‘éﬂﬁﬂﬂ‘égée%ﬂ‘@?‘f’ﬁ&r@ﬁ odactiVAT Ise IflerrorB ermwrahvadsipédedrom

retomisinerRpectorogHebiibohSORBYHASR ALY sPsraMalsH Fagapelyrnerase)
and the yield of synthesis and/or amplification (for example, PCR)

W rod%%:t(s). By crowding the 25 PCR environment, the inventors showed a
B a5 AR TR0 a4 PSR TE AP R ABBRE e i e ion,

thavmewb!ﬁamevwaﬂit&%igBi‘ﬁ@aﬂgﬁméﬁéuﬁ‘}d}%ﬁﬂmﬂnﬁé&&%bcuIe
ion mix. Under crowded conditions, it is shown that the activity of the

reacti
Of'Fgath% Doyhet seec e ARSI R HRYRRISTHRBRY RN TR BHIGFHAE Weight
of fflkikadly idekireaterpeoficldaioniaf Bi&wapiesulBhmaglhave 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 giucose and/or sucrose.
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structural integrity of the enzyme can be a limiting factor at the later PCR
cycles due to repeated thermal cycling. HOV\;ever since(cr:r;]acromo:eclular
crowdln can stabilize the native structure of a protein eung et al.

"WEExpected that the principle can maintain the therrﬁggfaﬁﬁw/(g?““s
the enzyme 5even at the late cycles and hence prolong the _e>_<ponent|al
amplification which might be required if the copy number of initial target
templates is low. This amplification &kxample, PCR) procedures according
to the invention have shown several results: 10(i) It demonstrates the
effect of crowding in producing detectable amplification at reduced

kes,PC conomical, hence more suited for
PGB RS e Rt R R R WA A oA
acg%eerﬂ@itimrh@ensammmf prtiotiginaP Rty rivefact Itd}ﬁ@pfomthﬁ\ (PCR)
apﬁzmesﬁ&hty ﬁﬂ}éﬂ%&%ﬁh%f%ﬁdsﬁg&cé ﬁ] 3Of }5g{f\g e ﬂ@t[ézr RN

routinely used, (i) By ¢rowding a e amoun uc‘??1
syt isiacReliiraliptis ms?@e@mgewém|ptmw¢@qinquammmefedbatyhe

coa@tidacreaﬁe thehaneebenef H%@%‘?da’@ﬁﬁleg%”%ﬁ&? C@ﬁ{‘?%{“a'

Ilflcg?on which otherWﬁe would hit a saturation. 20 E |C|en

ampﬁ‘r catD i RO Bt nyiRd dRdnenBhriisrtiomatRAR aediany other
arepbindifigrentednodsciivevate dhavhitioreliRaRybA MIRRISIBE93SP Bitsoq

Fiieh B I gure 1). This rate epen s on the slope of the
ampllflggaét?lc')n Clﬁt\%{ a%la%}sga)n PIRES of q cil (GBHRD & tHis Pegsrosnolecule
acspifing deothee frvrniigniim PERIE acitésuyntifdbie.rdiecofoplitsative

enRehpad8el tﬁ@ﬂ%egﬁ%ﬁﬂrmo%‘q A Tyﬂlx'ﬂctat'%n Durlnﬁ Sor

. | onential phase of the PCP it Is close to ch s equal
'mfgég/‘eg)np ?n@%‘f‘%‘é‘?&erﬁﬁ?j\@tyTﬁéW|§?ﬁb@§u refi at thiaséadryqormwme

Add@megmsanmwI%@&M@&Q@ﬁ(&@%%%?&?é%@é&%ﬁ@@% iRation” or

e sensmw WO different amplification curves base on the
P%%né P H1e SficrEn afJSFSgu AIRP u&@ﬁﬂﬂf@'la?@@xﬁbﬁ%ti&l’@ﬁ&‘s@md
syaih@sis or the method of improving the- efficiency, activity and/or stability
according to the invention.

The present inventors have targeted a spectrum of parameters that may be
influenced to extend the applicability of the said techniques for research,
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 (iii) 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 ampiification per unit cycle indicated by the slope of the

amplification curve. Fidelity. enzyme's ability to add correct complementary
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decreases to zero at saturation plateau. These effects are not reflected if
amplification profile is judged based only on the CT. Therefore, efficiency

of 5PCR particularly at the post-threshold phase of the PCR is equally
WhPYRAHPES know the complete amplification profile. This is BxERfpifitéd 9348

a simple example. Two amplification runs, A and B (see illustration below
in Fig. 1) may have the same C.1. but 'A' may hit a plateau a few cycles
after the CT, whilst 'B' may contiriie with exponential amplification for
many cycles more than the 10other before it hits a plateau. It is easy to
evaluate that B is definitely more efficient than A and yields a greater
amount of prqduct final{%glgcreased Fidelity. The inventors have studied

ba R HRI T SiiAY ESTHEREdSoldRe aigerd sreHetdinrhiits for use a

frastioleofideviireaiyposati o hyctatvaiitrg she ridy i dingielidaiterspsp ification.
complementary base-pairs which are thermodynamically more stable than
mis-matched base-pairs. Cell-based DNA cloning involves DNA
replication jn vivo, which is associated with a ve%\?igh fidelity of copying

ThGe RERRRIbIMRRIRER AT e bpiamlecrigh urishiv s RRIRCHipticafedd
kD witrs0ieDeoyinghetienier als isirglaévebenighses. ©of the Aaghatable BiNfor

20.paolymerases required for PCR, the most wjdely used is Tag DNA
amp@lﬁﬁ%’%se %grcl\%grﬁ%msﬂggg Fticht Tﬁ'l%E kai%gllyrtr?ergs%',ghoﬁ/%vé‘ﬁ?h
cohasnitiessdizabd@ robaiferbiheisalsdida visdesity ppoofieatingfmstios;
rEQr. t 1Sal ion duri NA replication,is
e et e T SR bR PR s dpeeeaRa s
anphiddafarasedwingle DNA sequence, the 95 final product will be a
mixture of extremely similar, but not identical DNA sequences. WO
2008/018839PCT/SG2007/000248 33

For estimating the required macromolecule concentrations, the inventors
employed biophysical tools such as dynamic light scattering and viscosimetry
that helped in determining the size and shape characteristics of the
macromolecules in addition to finding out the concentrations at which
crowding actually set-in in a purely biophysical environment and tested the
applicability of the obtained values on DNA and/or RNA synthesis and/or
amplification.

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 repetitive DNA sequence, and so primers have been

designed to avoid matching to known repetitive DNA sequences, including



10

15

20

25

Despite the errors due to replication in vitro, DNA sequencing of the total
PCR product may give the correct sequence. This is because, although
“j %%‘SH%E%NA strands in the PCR product often contain incorrect bases,
thé incorporation of incorrect bases is essentially random. A%Cér/ﬁ&zﬂﬂ?/ Fof248
each 5 base position, the contribution of one incorrect base on one or
more strands is overwhelmed by tt}) contributions from the huge majority
of strands which will have the corréct sequence. Accordingly, further
analysis of the product may be difficult. If the PCR product is to be cloned
in cells (e.g. to facilitate DNA sequencing or to permit functional studies in

lardd %@B?%dsﬁ@éeéé@é‘o%%‘%ﬁ@el& ERAS{OHPEHRR SR IRLIR RN R AIAges
molecule, and the cell clones chosen to be amplified will contain identical
endn@idbE sy rBgestsE G, B aranti s RiAiany ROkt WRCASHNS Jem
sublyetHE IneRIRESHRINASRIvEREgNCaAVRSEE A eMBdNEhermT dHingfRER
.amlpl'fication. 5 incriqged Processivity: The synthesis of complementary
PTIBRE A% B RHARRAE BN Fiow long the enzyme is able to bind to DNA
over time while copying it. Thus, highly processive polymerases may
synthesize a long stretch of DNA before they detach from the target. This
IncPOIEYS SEWeialH thetar aalimenesidarablsdeny (revemliobThePCR to
processivity depends on the following factors: 20 (i) Nature of the ) :
ProghisGn i tRcR S 08 BUTARET A ERB LI AR A FIRDS poly RIBRBE nyliEh
defaeinhBeeniduah podcessiilyitisefetabkipomule) al heaktiate castingously
a mgl/ﬁ)év?d in. DNA repllcc?tg)ng the nucleu%'l/glucl?md Pf a cell. Bu

ﬁ?céﬁ\/g %%ﬁ%?eraé’es SUAaEHRE 6{19 %oi"i‘/nflgf’a{ggca?r% g neel%J 3?’ R

Greatiethatpomntdrebéir doylyessrandesl m.a}r’f@areoasemchfrﬂxmmreahw
oycﬁ%”e?g‘d“"ﬁi%%%(r%P”‘%)E%Mf—“a@’ ”H}%'SB&Y&A%EB@“%D% B5418RY 3hg

ntly or a lower processivity. This presents a pot ntiarprobl_em for in
flugigsrones HATERE R FEactibREsEEnes YRBIECRHECOMBIbY HHBgea ¥Ry
cy QEOGRRBIMILY- B8NS RARMEIMAIY ib tBadarashisiteng (Sn@de pevarahkine
(iihﬁl’he conditions of the qul}/meriza ion reaction; PCR depends.on
ARG BORRFHR of thR g %Q@Wfij?ﬁén%eﬁ?é‘*péﬂ/m&r BnguRELhe
reattiobiutad danagauvit:2@OG(PAI88 3D RIKEASTS 28R LORD 2bthBhaltbich the
number, of repetitive thermal cycles. This can adversely affect th
RS REL alectl o 1SRG o d BRI SRR above
bankgreepticativichrispéhg srebinitopolyimiadEthatakieeingudecesBipg the

apBaRancingbeRinsting stengid atapiymeraridoRNALgrawdingfafaak

as a processivity factor so that the polymerase does not fall-off from its
crayjegvmactyithepint BiheerayrhibataRnsiidhusiar BNR by leutiBg,
thdhe Srustarabiffesidy alnhe eng¥mierds Befkipgrturbed much and thus helps
in rﬁaintaining the stability of the target-primer-polymerase complex. 10

Applications of the embodiments according to the present invention. The
following applications are given only as example and accordingly any

InGethaslirenigbaiie InveRgoNrskaueknok BrCanvisiarastda benimilecréadag
o e EpPacatels e s eyt fo e ey
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 amplification 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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1. Single-tube PCR The application of the principle of macromolecular

crowding on a one-step PCR can be greatly helpful in automating the

PCR. A reverse transcription system is 20 combined with a PCR
WINBIHELHSh system such that at temperatures conducive forTEFERE7/000248

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 25 macromolecule or combinations of different macromolecules

str AR IRNSINYRNUDDY IR xpMple Atpipplysically Bregalerminedr

concentrations, enables enhancement of both réverse transcription and
cyclee FluenpRficaReARHOYRME AYSENGithEoWRYANhg IHeRIdABIAMOlecular

cro»ﬁacqgaﬁalb&f‘ﬁhigeaﬂwaimﬁio@d@mr@@@ﬁtam gggmqm@@;@@ifﬁwﬁm@ay
4 techno les and to lead to metho to auto with an

e BRI AP GG AL TEU R RO O b G BRREIGO 1 ShEVhe
eveR0ai310d 888 IRNCELSBRO000 24D RS PE R qmmpatiamswificatiaximbinh
g B R o Eh

products. 5 2, Miniature PCR based on micro-fluidics technology(MEMS)
Recent PCR silicon chips fabricated using MEMS techniques have shown

Thigy P pstaHaRI BB antoTHieARERC ivsi ARRR thahia v iR aHanI88'e

showareekapid RNAsample amplification process with reduced sample and
reagent consumption. Micro-chip devices based PCR for rapid diagnosis
(@) ¢fdromiiiatosifecabnciod cntivivgciresistudbydetestatdckaowiificatimm

AL ACRERPEH GRS BRI MARGYaD BT WHSE AREARRENIRE SR mare

system can greatly enhance the ability of the system in terms of sensitivity
ghieshissiHerG RN ) TsBEd BsssPraskiER viscosity of the

... macromolecular crowders at the concentrations that are sufficient_f

() B GO AP SIS 07 BAH LD QTSP A SR AL EiaRs I
fagnstc impdiviee, tiehaeatdigitarahantpapsodyeT hedahdiytosse sewof

&Qgﬁ%%%%’gﬁioﬁﬁﬁ%ﬁg%g@@Scription in the presence of crowding so

Atranscripts are In high copies is beneficial to 20 applications

i) B erAfldef farersic %d%mhﬁﬁ%rﬁmf@t Qfisthan iete e Ruadanilty
of a sufficient amount of material for RNA extraction is the key to solving

dhyaRISS RO e g e iiiioR SR AP Rdties fhe sHinEngppReditireatali

beivsed ior fieldRf arckeckyy aml/gemadicakanixppotogn lrieiaetann

a r identification netic,lin s for population studies, or the like.
qu% 0 erwlse v?ou?é %ﬁasaturaﬁ%%? bop st ’

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 siope 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 C. is measured at this early phase. Hence it is plausible to
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25 4. Commercial kits Development of reaction buffers with pre-included
macromolecular crowding agents for different molecular biology

licati gsuch as PCR, reverse transcription, restriction enzymatic
Wg%‘%edsgt%r%%r the like. These buffers may be WO PCT7SGI007/000248

2008/018839PCT/SG2007/000248 36 provided as prepacked, premixed
solutions and are easily integrated in preexisting molecular biology kits.
Comparison of the present inventiotfin view of existing strategies. The
comparison and/or discussion here as follows is only given as example
with 5reference to some existing strategies and it is not intended to be

limiting. (1) Strategies adopted to optimize.reaction specificity:
o B BT B S R e AT G Ao L RPRC on (R C..
BuR iR IficRm £oagtiatasaydibtadand asebamtbe dafarcRivh poge ik

second reaction in which a different set_of primers is used, c rre? 0 d(;nﬁ;

decif??@e%et&uéﬁ'&%??oﬁﬁ@@%?&s@,‘%ﬁ?iﬁtefﬂgﬁetoe#ﬁ)%% GEBdR the %r%%

amfeifehann Thefieekehidgee iuseddungs ses ttustaroblereiyrer aefftivg theof
PCR reaction buffer to promote the specific binding of the target DNA

PCRrirestiawarpoRinescRestdinrnaldmhrstetARe dBrpisxeaURl sHRRUFAE
to RS "t [denfpsad ; %%9%1@2&\(1 é@dﬁl@.nﬁﬁt@df@@mbﬁ?@wtbp%owgmle
present invention does not 15 requijre two or more.se rimers an
exbER e ERGEFRUTEIET 1118 3 T GEa T Bt bl s Y
hagetres|sited @)cbhefienaybites e etianeacems oy faiterdtie n. whilgh)B’
Hof-start PCR. Mixing of all FOR reagents prior to an initial heat
mayeaRtiRR AVER SXMBURD HAb TR akARy TRIr MBRY peXSIRS HiRRTR RN the

otHUIBEFAE SeRteRCoRidaradicathiy possibilisteohatoB Motfinihonents
of the FOR are ically separated un

[ h il the first dengturation step. A
effiGiasth bR H@% Y e%?&‘ﬁi"?éﬂ%ﬂl%?[é‘& w'é@ﬁéad designed to fit

snugly into a FOR reaction tube. The reaction components minus the

enzyme and reaction buffer are added to the tube followed by the molten

IndVexbeasydnehfleaiamior aaddhaldied whether crowding could reduce
the error rate of the polymerase for nucleotide incorporation by favoring the
binding of the correct complementary base-pairs which are thermodynamically
more stable than mis-matched base-pairs. Cell-based DNA cloning involves
DNA replication in vivo, which is associated with a very high fidelity of copying
because of proofreading mechanisms. However, when DNA is replicated in
vitro the copying etror 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 polymerase, however, has no associated
3‘5' exonuclease to confer a proofreading function, and the error rate due fo
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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25 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
VLB Another approach is to use a polymerase that jsP CT/5G2007/000248
chemically-conjugated to an 37 antibody that prevents any activity of the
enzyme until when it has been heated to the denaturation temperature
(eg. AmpliTag gold from Applied Bi®8ystems). Although Hot-start PCR is a
fail-safe mechanism for ensuring non-specific binding, the present
invention permits the use of a less complex enzyme that 5still can yield
products without compromising on specificity. (c) Touch-down PCR.
Debot therenareydier scceaphiegpioyiamiitred Bd! pestsrmenaing infiheckotaePCR
a | ture i ingcr I ing.t i
P Sted T 20 2 VAl bl o el
DNeesiiandie Stringency©RhyBFRAESE 0@ idfial BPUENR hilisofhect 0 kgRfstiote

inrSBHIRMS Qe de dissouragedsafiguinadhaaxpected seguents tach
predominate. Using the macromolecular crowder accordinz to the present

bagf, @RESITHER: SSHEHEIR 187 N5 JAFAHEH P BFRISN LPRE PER RIS SHIfS

ovBraeeatldthdertteeceamne teimpe faduretisetings asfefiyrefTetmsnde which will
ducibility is not affected. 15(d) E P

AR Far R By e Sl e TSl o BB BMict may be

difftcinttetHfytoly RS, arechaturialljodeureiagesmial pedfedaiar weifprilitate DNA
seEREIRGHASIMI LAY AR LSRR fRICTANC A BEVBIALRARISLRN HiRtem),

echanftsms of action of these small molecules is rather not very clear, It

tragefenpatien seledisclPrmaibaleyaamisstapmiAig Rl plRemshoren to be
arfigfihiliEing AR dilba HAvRYEIe i seRard SRinss &4 al, 2A0R) siaieng

that these effects are evident or}ll)éfor diffiCL{g#j\énAplates that have of &
malagiiei el R nEthERNE s e M THE e ERE s> oqgf?’r%ﬁfﬁ 1ifs
cdpifiegrismthrisrgrCRryNificsttiooture (for example due to a high GC

content). This lowers the Tm of the template and indirectly favours

polymerization at a lower temperature. 25 The effect of the osmolytes is to

IrfiRnREEerhR daKgat b REeainBcdaeY sepanaaRmtiychressThiimaymolds

opfue exact physiloniea condiionor NG g 1950 B85E PR e

highly processive polymerases may synthesize a long stretch of DNA before
they detach from the target. This ability is crucial if the target is considerably
long (several kb). The processivity depends on the following factors:

(i) 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 Tag polymerase are generally called
upon fo 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 muitiple

rounds of thermal cycling. Hence the polymerase can suffer structural damage
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38 Therefore, the advantages of such compounds are not applicable for
~ situations where the improvement of the PCR amplification profile is
W%o#gm{g{sgeasons other than the difficult template charactelgﬂj}g&%g%m 48
other examples are when there is a low concentration of the target,
reduced enzyme amounts available or 5 higher number of cycles required,
or even when a larger amount of proguct is desired. It is pointed out that it
has not been shown that these osn;?mytes offer any advantage in
increasing the productivity and yield of the Tag polymerase and fidelity of
the enzyme. Perhaps fidelity may even be compromised due to the

aftBPPAYSBIRI KRS BBGHYE! FRANAPSHERY '_Hiéh%gﬁeaﬁog?sgfyh%lp the

amounts of the osmolyte. The method according to the presentinvention

ProgsisRadih & pliRtBRAST BxEHRINE Y dRin & esréet Ty IMhey esti e treplicative

© prepeayisin amayyheshess athias amplification. Since the crowded

environment is a physiological condition for DNA synthesis, the structure

of DNA is not interfered with and this helps the polymerase in adding the
Bycorhecchasthp aircingdiighgtbfideliyrirRsodeSNity Sevenabalterptss a

JARPReRRIOPY, J éﬁ oces ivity of polymerase. Approaches.
prtaker.{g'?g&\s/avar sfhiéeggqoégﬁ%p(ﬁ% aré%%%(é?%%HggPlgnongO%iﬁe%E%?t Wﬁ”e
SYMRRBFEND e AgaHereriiegy et OF GdWiainrfoadsiititing tieeastnaiual

mt@gqgeésmyéagy%esfém?gne@&@m&ﬂ-én&’ﬂ%ué'ﬂe%??@r@g%&ﬁ%%

ag\ggtz, ’\% et al., 2002). Although improvement in processivity was

StERIY QI VRES PR ERRTHBAY PJRSR SAMBRXcorresponding processivity
factor were used together, the application of this method to improve 25
PCR not been established. In a different approach, a replication

AP gcf)’:crﬁé e@gcgrfrtwgﬁgegrgé%dmﬁpgsp(ﬁ%%r &sg%o@?ecf’fw fn&repnillige

follyeingeaappiinilistin vite. githoughlproeessivarbNA symthesisdiginyly any

' - ( S d, again, utility.in. PCR was

o onc ) 0L T bt e o9 SOt b ek e

appligaiion aiveisd-anthritrprieatienr i1ribe-epeeifidard-DNAifiingspsote iare

alsBluadBatp besbe usfivial ipoSLely BrasRsprapsrR e Akgom temperature.
However for PCR amplification this construct again has to go through the
temperature cycles of a PCR.

1. Single-tube PCR

The application of the principle of macromolecular crowding 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 ampilification 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 ohe—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 simpiify 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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Although the peptide factors increased processivity, developing the art
needs 5 complex methods. The present invention is based on non-peptide

tr i at are simpler than the reported techniques. It i§8§g éﬁ&ﬁ?&%
W ﬁﬁ%ﬁ%ﬁhe technology according to the invention with the peglt%ge

to'com
strategies for synergistic effects on processivity. Accordingly, the present
invention provides a novel strategy to enhance the processivity of the
polymerase by a generic and purelf’io physical mechanism that does not
alter the conditions of the PCR as such and can be used independently or
in collaboration with prior strategies in this regard. (iii) Efficiency of a PCR
' rlies, t Ic fa. rd PCR.usually, drop |
P I e T e e SRS e
appigdnistaBIRg 6 Tapth BRFRaraiceaeplificatiane pastdrehabieciriebtamidarge
artBES dhaprsrssviPpRIdheenzyme and amount of the PCR product per
cycle. Hence there is efficiency drop at later cycles. The exponential
phase of amplification is confined to only a few cycles after the CT. Using

2. hitgizore PCRobasety me raktb2lndine tasnespiatigpmdhe efficiency of
Ré@SnEt)ngf%l iggnr%%%a aggcfa 68 L%qgngEMS techniques have shown great

potential for DNA amplification. Their low thermal inertia enables a more rapid

DNA sample amplification process with reduced sample and reagent
consumption. Micro-chip devices based PCR for rapid diagnosis of bacterial
infection and antibiotic resistance genes are known in the art. incorporation of a
macromolecular crowder in a microchip PCR sys’cem’ can greatly enhance the
ability of the system in terms of sensitivity and specificity for diagnostic
purposes. The low viscosity of the macromolecular crowders at the
concentrations that are sufficient for effecting volume exclusion can be a useful
property.

3. Applications in forensic medicine, archaeology and anthropology

The ability to use low amounts of RNA for reverse franscription in the presence
of crowding so that the cDNA transcripts are 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 bioclogy applications such as PCR, reverse

transcription, restriction enzymatic digestion, or the like. These buffers may be



10

15

20

25

time. Macromolecular crowding speeds up enzyme kinetics by stabilizing
the enzyme-substrate transition complex. Hence by a multitude of factors,

W%UZ%MB% sed binding affinity, a more structurally and funcj I#v t
enzyme, 25stronger hybridization, the exponential phase of%gn’i\l&l fbg §(}§248

can be prolonged, This can yield a greater amount of product ultimately.
WO 2008/018839PCT/SG2007/000248 40 Accordingly, with the present
invention it has been demonstratea%at carbohydrate based
macromolecules improve fidelity and yield of first strand cDNA that can
in-turn result in a greatly increased second strand cDNA (dscDNA) after a

PCR run. 5 ording icul | , [ [ 0j
SR ENE A S A A
pregdaibinanoleswirbisiegyddigitives for molecular biology applications in

vitro, separat i inatior ' i i
Corgggg’syglgné le 8:%%55;5? b/’l?\%'f%?di%ha}ttvlm 2D @9)3&%“3?[@%88’8@! The
comparison and/or discussion here as follows is only given as example with

reference to some existing strategies and it is not intended fo be limiting.
(i) Strategies adopted to optimize reaction specificity.

(a) Nested primers. By using nested primers, the products of an initial
amplification reaction are diluted and used as the target DNA source for a
second reaction in which a different set of primers is used, corresponding to
sequences located close, but internal, to those used in the first reaction. The
present invention addresses this problem by crowding the PCR reaction buffer
to promote the specific binding of the target DNA, primer and polymerase to
form a stable ternary complex at the start of the PCR run. Hence when
compared to the nested PCR, the method of the present invention does not
require two or more sets of primers and hence is much simpler. This also
reduces the number of steps that might be required and hence reduces the time
consumed for each run. '

(b) Hot-start PCR. Mixing of all PCR reagents prior fo 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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Wherein the macromolecule(s) is a carbohydrate-based macromolecule
exhibiting a neutral surface charge and having a molecular weight of
50kDa to 500kDa, preferably polymers of glucose or sucrose.

WREEIBEHE molecular biology applications in vitro include bift Br&HGT/000248
15limited to: - Complementary DNA (cDNA) synthesis or where
appropriate, the first strand cDNA synthesis from total and/or messenger
RNA extracted from biological matérfals. The said biological material may
be derived from sources of human, 20animal, plant origin, bacterial,
fungal, and viral. Either freshly prepared, archival or ancient. The

methodology of the said synthesis of the cDNA from the extr d RNAI
iRl GAGIRHETS BAYyAEMAN e SAIE BB O o e Nes

to heatshaesdiip neleenpe tatunsc(ggasespldraeddidiiauchmbiet Eipsygtems).
5not limited to oney Murine iavirgs (M-ML. Avian
wERISRITUELR, DeA e Lk Ohtg et
bingingretepprsseatenienfies seERtiscBRAERIRG DISAERAREs AYMe that
stifPZHRR drbauhesaid aresliicalinniss brigpesiigyde, but not limited

to, Palymerase Chain reaction (PCR) and modifications thereof such as

”eStg% %Bcﬁl%ﬁ)}?gfc%'ﬂw&rﬁﬁé’r%%’ %_Qgté%fé‘eéaﬂmsgfi%gg&}rgmed o

procedures such as RACE (rapid amplification of cDNA ends), Soli
peSprmsauampiicdtioh (HpAsMAIBcoreMPRERHE SIJRS 8F DRprementally

duARPlificatioR isRARE hemesh HAKeS Hidt emmiay RNAPEBIBIERS® a value

enzymes derived from thermophilic bacteria including but not Iin’ﬁted_ to
beTiverimad aqBytiespimhdhacpniiosn Pyrocbreudizaitiosusitatyresy pidit the

bacteria including but not limited to 10E.cqli such.as T4 DNA poiymerase
ForPERTATh SR HE R A B BERIBE 51 CRP e R, g oe
to Qsvestishitibiat dpsiadiciiempecatimelestdtedcbynttiernaacafetiyréy Wiachreseant
._include hut not limited to e ratur S ical :
Y& nm%@ r’aliu%esﬁschn35@?%%£%efgéé§%tﬁ%r§g%c@§ %dfﬁ tgere %ga%? ssm‘
primeBfAunder the same temperature settings as before. Thus the

reproducibility is not affected.

(d) Enhancement of PCR by low molecular weight csmolytes. Osmolytes,
such as betaine (trimethylglycine), are naturally occurring small molecular
weight compound which may help in saline tolerance of several bacteria. 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 fo a high GC content). This lowers ths T 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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15 denaturation (e.g. 94C 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

W%XE(E)’OQ; (l)(l)%:gg.g. 72C but not limited to depending on the type %f"r%ﬁzAuwoo 248

poiymerase). - The methodology of DNA amplification may be Honitore
real-time or 20 by determining the end-products of amplification by
visualization of electrophoretically separated DNA bands on an agarose or
a polyacryiamide gel. - The methodtStogy of real-time monitoring of DNA
amplification may be done using fluorescent technology such as
fluorescent dyes that 25 specifically bind to synthesized/amplified double

Thstr nde%}?N s (e,g. SYBR Green 1 but limited to r&hiSd e%ﬁmq tuati

P AR T B IR PRI S oty iRg e R gy
whase libe riq?plmvi&rdemt dhatdanGethnopdifgalidre ﬁmf'rbs’sesrmegdiét@te@asm;s
o AR D e e R S 00 B e P unen
theritaly Galow £eiyerbEPHAMME SRatAlEctandRUsPe SRBANS RBYIAR dwailable or

mg%ﬁiiﬁulﬁbe?raﬁégc?&%qmﬁga,iarp@mmﬁﬁégméeg%@@mogmfsr%d@fa is
14nm. Ficoll 70(Fc70) has a radius of 4-Born and Ficoll 400(Fc400) hagf?er

desygths!bis12iiAmh W dbRlifg S Rt CIes ReIMY R Pt HESS S gRoRAife®
anliterfidreadatan Lo afsint physicat meihiod alog yyisldetetheirath e siphiarse
r i ditions: wherein - Th hod_is based on Laser light
2 e S o T T S b RO ONeRd s o
thenacrepioisicidgical ssiutbraingtranusstheir BhEoltyrtamionestnog scixh!;h'@h
arﬁaemsn}?tg@@é grg% iRosThe HaRsimaies ohaaith hdrashaamicifadiition
are applied to determine the macromolecular concentration for the

apiiiesiie Brivieie aforaieskvirision &ftaas Rk rmiekicastssaounts of

encaROesRbthe s8id BiApinpAlesuldiReliItigRs QrspminatiRnstResrefRt a
the determined concentrations limited to the sBecific bfi?jlﬁ%jcal reactiol[}.

physiological condition for DNA synthesis, the structure o Is not intertered

with and this helps the polymerase in adding the correct base-pairs at a high

fidelity.

(it) Processivity

Several attempts have 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 complex
composed of mulliple 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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20 (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

“B{J?‘P@F/gﬁsﬁ?gdetermined concentrations. 25(iv). The method B?H%%WW&OZ"S

the ideal macromolecule or combinations thereof that is/are thermostable
after repetitive temperature cycles. (v). The range of the macromolecular
concentrations for optimum crowdiRg under conditions of pH and
electrolyte concentrations for first strand cONA WO
2008/018839PCT//SC2007/000248 43 synthesis, which is based on the

i f i I ic light ing. ..(vi)..The, .
oo OB OB SR T

consdrfitinaaiwhRsiedsiseusiieedgionpelationscysteinetatd GRues less
than 2 5¢P (2mPais). (vii). The effect of addition of the said
macromolecules of the claimed molecular weight at the said

AR SRR Fe ABRE R BRAR BPaSHVRY s & teRinst Berescnsads
cortipRmharthdie yield préberamoenison§ ibepiirsdsteand R P liddSstrategies

nthesized under.the said, crowded conditions 10(viii). The method of
tha e e e R LR e e ek P e Pl e
techraologiptcsordiactitntire(iNeniic) Wit ¢betpetitde oftdittayiestfor synergistic

offSRRCTOMBleclles Al Predetesmined ﬂ@gsy)ﬁétﬁm imgé%%t FobllRe 8, IRve

mentioned in (vii). (x). The method of synthesis of second strand ¢
strapgydr sphfemitaEess siitieh berpatitintiee s RaaRsTibiARL dNE Y

phyliferent Breremalesuiesnesiesacesdinadithe iveRipEFRUCHAY and

into the reaction buffer at predetermined concentrations . =
canrlae used lngepend%ntly oren collaboration with prior strategies in this regard.

(iity Efficiency of a PCR

As explained earlier, the efficiency of a standard PCR usually drops below 1
(100%) with the progression of PCR cycles. Exhaustion of primers and
instability of Tag polymerase occur after repeated heat cycles. This lowers the
processivity of the enzyme and amount of the PCR product per cycle, Hence
there is efficiency 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 muiltitude of factors, such
increased binding affinity, a more structurally and functionally stable enzyme,
stronger hybridization, the exponential p’hase of amplification can be prolonged.
This can yield a greater amount of product ultimately.
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(xi). The range of optimum concentration of the macromolecular solution

or combinations thereof, preferably under conditions of pH and electrolyte

ZOZC&nO(igEStgrations for second strand cDNA synthesis mentioned in g(?)rkg 248
WRENEHERént of the hydrodynamic radius (xii). The method %?Blsé;ﬁ ﬁg

the macromolecular solutions under physiologic conditions with viscosities

of the so-prepared solutions confined to values lower than 2cp (2mPais),

in particular in the vicinity or about 7e (2mPa.$) 25 (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

f O 8/018839PCT/SG200Q7/000248 44 of a reverse
A%&@@éﬁ%or\% Egagﬁénﬁeesn nin'c%" TSN & o B BRRIUNISTPRRIARE that
cashefme cTim hagrd BARIESRiedules Mo estitalied andwited coficiticnsind
ook (Rhe cpnerRflfARRe R e A a0 IR oM &1°: e ifor FIGON AR
v). The method of combining more than one type of macromolecular
CE&%&%@S@F {hB felerse transcription reaction mentioned in (vii). (xvi) The
combination of different macromolecules at predetermined proportions
improves the effect mentioned in (xiii). The determined combination is'a

NN 5 SO ISR O ATELFIEH 400 (xv) The method

of carrying out reverse transcription in crowding conditions 10 in 2 phases

(hmay haieddelitareffiect osdheiihal yieldeidhe fiestatrand doMNAElRs or

ed arf involyes adding only Ficol|l 70 at a concentration of 7.5-
Cogégng%ﬁrlﬁ% gbﬁgoan%%a |nédqglt%%%éfdff&i?ﬁ%‘)afok’[ﬁéoﬂ*lﬁpﬁﬁaaélons in vitro,
sepanaltdhatioiroEEiiifaiEmg tiv) iamp a0 B{(3I6c00iMdibfegisabaegaNtand

prggé(gpa@rization step of first strand cDNA synthesis. 15(xviii) The effect of
addition of the said macromolecules or combinations

- Wherein the macromolecule(s) is a carbohydrate-based macromolecule
exhibiting a neutral surface charge and having a molecular weight of

50kDa to 500kDa, preferably polymers of glucose or sucrose.

- Wherein the molecular biology applications in vitro include but are not
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).

- Ampilification of the synthesized cDNA or where appropriate, the first
strand cDNA using DNA polymerization enzymes.
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thereof of the pertinent molecular weights at the said
concentrations/mixed concentration proportions into the reaction buffer of
a reverse transcription reaction is claimed to enhance the processivity of

Wt?}éo?g%i??e)transcriptase globally, meaning, increased yieIdP SR /000248

strands, longer cDNA strands, 20better quality of synthesized cDNA due
to increased enzyme fidelity, (xix) The effect of addition of the said
macromolecules or combinations tféreof 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 25under the. estimated
croWdrltg%oﬁ%‘ﬁioﬁp?@ﬁiP@ efféct 0 %aiti]c?r? 6 esgg)fld %)gcilcr)nrﬁg%cﬁés
or cBoipinatises Thaieofesfciienpdriitnanbimadiicatsghtthetael such as

co ”ﬁ%@%&%‘i%ﬁ‘? ed.concasEatl OmePéPé\%‘i/gi@fﬁ, NS HRACUATL HERIR

a polymerase chain reaction enhances

200870888365 SHEGRD (60 Arapins arariiBaatrmnrbRb A cRID: BRjet

det%@b%(fmigﬁt@py@da@@\g@@q,conditions. (xxi) The effect of
addition of the said macromolecules or combinations thereof of the

pertin€ht mudtémdatoyegight N h ecqprident o 0a shasreddoro tesdnticties Hhat

proportions jata, the reaction b 0 \ r in.r ' .
e NP R M oS N o R bt
readtichidinig obatPOR?! (likiliteThdeffddiesmaditstiatiens, saiiermophilus,
macgmaleeyles AR ANAHMS HIREYRESRS RRIVARRY FIRssHIRh eIt

at the concentrations/mixed 10 concentration proportions into the reaction

buff&r eR/asHEI At fdsDNAR? MneiRse al SUANORREAR Sctional amount

-of ' trati f lyn f tectabl ification.
o) e AU P Sl ARG R A S P

the pentenatured estatardviejgtitanthe dacteetr atibiok/ miag drednde nbrétioat

15prRRELHoRS Q-0 CARHLRRHIE i BRNIES B3 RS ARIR such
as 37 °C and repeated thermal cycling at temperatures for DNA
denaturation (e.g. 94°C but not fimited to this femperature), 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 to 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 amplification 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 fo this dye) and fluorescently labeled primers
which their accompanying fechnologies such as, but not fimited to,

TagMan technology. The fluorescence detected may be quantified as a
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maintains/improves the efficiency of the PCR even at higher number of
cycles (xxiv) The effect of addition of the said macromolecules or
Wsozmgj%g%ws thereof of the pertinent molecular weight at thl(;;- T/SG2007/000248
concentrations/mixed concentration proportions into the reac(tllon%uﬁer 012
a polymerase chain 20 reaction reduces the error rate of the Tag
polymerase and contributes to img{?ved 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 25 proportions into the

reagtipnhuffer ofiaPolWasEARR ChaiR regglion RO ASA REPCESRAL'
factor to keep the enzyme-DNA complex intact for a longer time period,
thugYESIHEY/RMBYSET long DNA strands in a FOR. 46 (xxvi)
Macromolecular crowding of both reverse transcription and PCR in a
single tube, by the "one-step” PCR method is claimed to result in a better
Theampidficatdacpitefifetoadieghtintes afiveictiormerstiogeds € Fhypdietyptenic
The ficial ramiicati f one: I i
e R o s PG e Oy e e

parbewrictB Mol T cvEiRtR AitethettsahrokicAd Gevan damentadivs of
4-sMEMRI dexioea o ity KRB TaRedus Srumetinm HRWGEIRg Wooshe rally

described the invention, the same will be more readily 10understood
resylis, AR HersRRRE B WHE RGNy 8 mples which are provided by way of

illustration, and are not intended to be limiting of the present invention.

EXAMPLES Standard molecular biology techniques known in the art and
(ii) Adbigpeyiicallynetddstoihetd Wetermnine thiky dotiowst crowdisgribentitions:
whaapbrook and Russel, Molecular Cloning: A Laboratory Manual, Cold

Springs Harbor Laboratory, New York (2001). Materials and methods: 20

- The method is based on Laser light scattering principles to estimate the
diffusion coefficients of macromolecules in solution and hence _their

hydrodynamic radii by simple mathematical deductions.

- The estimates of said hydrodynamic radii are applied fo determine the
macfomolecular concentration for the maximal or optimal volume exclusion
effects with minimal viscosity changes of the said macromolecutar
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
macromaolecular species thereof, info 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 electroiyte concentrations for first strand cDNA
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syngiesisio gHely thRaspRIRA L SYPSHAMg ¥R eam ik BdL
ligheEBHRBMKE) DNA. 5 |. RNA extraction, RNA was extracted from human

All RT and PCR components were purchased from Invitrogen (Singapore)
unless stated otherwise. All reactions were conducted on the real-time
rvix3000P (Stratagene, CA, USA). The macromolecules were Fc70 (70
WEAPBAEE2400 (400 kDa) (Amersham Pharmacia, Uppsald, SWeeéiy* 4548
(Dextran 410 and Dextran 670 from Fluke, Sigma-Aldrich, USA. PVP from
Sigma, USA). The small molecules were trehalose (Fluka-Sigma-Aldrich,
Singapore), praline (Sigma-AldricH)3 They were dissolved in nuclease-free
water as a concentrate and added freshly to the reaction buffers each
time. 47 Example 1 Effects of crowding the reverse transcription reaction
buffer on the yield of first strand cDNA. Figure 2 shows a SCh%ﬁé tic flow

¥BARYGN

VVI-38 fibroblasts; American Tissue Culture Collection, VA, USA (ATCC)

(vi) a"rﬁdaj'rfﬁethntiatédrhnmm WWM&MMHGH?W@D&&W@@IS
corg'} P R26h W = USALWithithe AdiRPeaNS PMRE less than 2

ntlatlon Bu eth Cam/rex)] based 10 on a modification (the

cP fﬁmﬁfﬁcéilon Is in using a monophasic solution of phenol and guanidium
isothiocyanate) of the single s .method of Cho acc

(vith odAeARHPAS oeﬂe?ﬂgi%% 1%*’6 SRIEHPATSBOPRI S ﬁ-’ﬁ& Eg cliimed

moteomaphasigmohﬁlmﬁeotpmemohaedtgaimnslmet«sdtimocgmim buffer of a

Cells/tiss

h | f
e
stra@pam&dhum&ymh?wﬁpm@ﬁtﬁ\ér Baid, ervaigdeenisi Bigpernatant

containing the nucleic acid material was treated with isopropanol (0. 5m|

(Viier FREfMetISs) 85 iSNRRIRE AMRSH BIAR S0P tHEPSPATRAERNElRELEr
spdBRR REeaRitaleskvdthdndpbrbitresaaoal inguiml of TRIZzol. 20 All the steps

were carried out in RNAse-free deionized, diethylpyrocarbonate
(ixDEPE)-toeatbthataber (BFEREdront Sigaeporaldthige RilAQestkisrmined

or O(a%;pé)qﬁn A@&o%ﬁ%%@f%%?%gm%ﬁ%mﬁ g@mufacturer s protocol.  The

a was measured at The quality of the extracted

o) 27 RNARsdsteymined by theckio st dRe absarbianeesat, 2G08MiRGONEY
addition of macromolecules or combinations of different macromolecular
species according to the invention, optionally into the reaction buffer at

predetermined concentrafions

(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) b

measurement of the hydrodynamic radius

(xi)). 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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48 2. Dynamic Light Scattering (DLS) profiling of macromolecules _for
RTPCR - Dynamic light scattering estimation of hydrodynamic I‘adIL;)S an((jj
optimum concentration of macromolecular crowding agents; 5DLS base

W ezror%ooslfggtq)?lity screening of macromolecules for P'CR applicpaﬁ%ﬁ(g?%ﬂgm“g
methods: DLS runs were carried out for each of the single
macromolecular species (Fc70, Fc400, Neutral Dextran 410 and Neutral
Dextran 670, PVP 360) 10 solutiongtdsing the Dynapro DLS instrument.
DLS was carried out at 20 C by loading 20p1 samples of each
macromolecular solution. The readings were TM obtained at a v;a\(/jelenﬁth
of 8258 and analyzed using the Protein solutions software provided wit

O (R DS HRHRIRh{eR6 PN R g e ARerdrieris thacemsits of the

firstetrsunct nizifs thtitheyntitesbranding: rhereMIPISEIPECRRRRNESHOINS .
Hanks buffered salt solution (Fc 70: 5mg/m1 to 25mg/m1; Fc 400:

(X&inbire £AH BORITE, INEfertedgBWe: I00pa/H2Emaon domiicB/E0860:

00pg/m1 to 10mg/m1) were estimated using the ARES100 FRT '
0‘;‘3 hﬂ%@%ﬁ%ﬁé&?&? FHED OOrSchaly oRRbE enetmasinidRedEospavige

foaflies/fosdeahydriptiphasuetadiranpbiaging {ithe viscosity value in the

Stokes-Einstein equation (that relates the diffusion coefficignt of a particle
(i) soligoncemhinhtjeodyhadifferaniuséthenpasitleandivissesistahibed
pr?_BMiBH)stoirﬁ:lr%U@ée e curRc hmé%Q%R%@'ciﬁad{%ﬁi)?ST‘ke determined

hermostability screenln%: ‘
combination is a mixture of, but not limited to, Ficoll 70 and Ficoll 400.

(xvii) The method of carrying out reverse transcription in crowding conditions
in 2 phéses may have better effect on the final yield of the first strand cDNA.
The preferred art involves adding only Ficoll 70 at a concentration of 7.5-
15mg/ml for the annealing step of oligo(dT) to the RNA and a combinaﬁo'n of
Fc70(7.5mg/ml) and Fc400(2.5mg/ml) for subsequent polymerization step of

. first strand cDNA synthesis.

(xvill) The effect of addition of the said macromolecules or combinations
thereof of the pér’;inent molecular weights at the 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 vyield 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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To screen macromolecules for thermostability, solutions of
macromolecules were made in Hanks buffered salt solution at different
concentrations (Fc 70: 5mg/m1 to 25mg/m1; Fc 400: 5mg/m1 to
VEOHI/AE8RID 410 & ND670: 100pg/m1 to WO 2008/018830BSHAG/H248
07/000248 49 10mg/m1; PVP 360: 100pg/m1 to 10rrig/m1) and 20p1 of
each sample was subjected to 35 thermal cycles sequentially at
56C-72C-94C. DLS runs before antfafter thermal cycling were done and
data analysed in the Dynapro software. 5 5. First strand cDNA synthesis
Sample preparation: An initial reagent mix was prepared by mixing Ipl
each of Qiigo(dT) primer and 10mM dNTP (for 1X concentration) and
thepsaasititio A 2DE withiviRb o HPEstRIng R dhg Safiprigdygeowded
comddvagng macromolecule (Ficoll PM 400; MW. 400,000, Amersham
Pharmacia) was dissolved in water to a final concentration of2.5mg/m1
(xxpefbreatibangf taddiigogiiineasriciNFProntoleciiessanm mivpatitos tizreof
of gﬂoék’}é@r@ﬁ@rﬂ%\é?e@émﬁgﬂiﬂa‘&rﬂ@%%ﬁ%@(t%ﬁ%ﬁﬂix’é@%%@eﬂﬂ%on

a; Amersham Pharmacia) was added to the annealing buffer at a

- propesfiamsciptRdherapsationTtsiiey el  selinepasmesititnetioy @eances

thebglaw i eapcerm dieas@fviiesllired@lsaipdigatethas&satidh mix of a
pd .5mg/m1) and Ficoll 400 (also indicated as Fc400) (2.5mg/m1) in
mbination were prepared in the reaction buffer. 2p1 of this mix was

e e R

theydf apld doplaeedineet 1nplesweantvaigéagfiothmaswrosnteiions/anixed

coRSBRAEREPYLRSISURGEIRS TAHOVWG (ERfckE) bufear Ruffer /ée f2tdsESichain
Strand Buffer, Invitrogen; 250mM Tris-HC1, pH 8.3; 25 375mM KCI;
rqumﬂamligr using a fractional amount of routine concentration of Tag

polymerase for a detectable amplification.

(xxiily The addition of the said macromolecules or combinations thereof of the
pertinent molecular weight at the concenfrations/mixed concentration
proporticns into the reaction buffer of a polymerase chain reaction

maintains/improves the efficiency of the PCR even at higher number 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
fime period, thus helping synthesis of long DNA strands in a PCR.
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0.1M DTT 2p1 (1,4 - Dithio - L threitol, Invitrogen) SSRT (200U/p1) 1p1l
(SuperScript Reverse Transcriptase I, Invitrogen) RNAse inhibitor(40U/p1)
| 8ul of this reaction mix was added to each of the initial reagent ~
Wh%(mg;ﬁ%%g%ted 30at 42 0 C /50" and then 72 C/15' 50 The Yeverga" /000248
transcript samples were taken out and stored at -20 C. 6. Second strand
cDNA synthesis(ds-cDNA synthesiz?% Procedure Primer design: TM 5
Primers against the target gene sequences were designed using the
Primer3 software (MIT, USA). The primers were selected such that: (i)
The primer size was - 20 nt long each (forward and reverse; FP & RP. (ii)

(xx BN ERARG R B b Rhin§A%F- #Bh (L)ae gr%@mi&wsh% PRIFeR

. that their complementary se%uences on the 10 target sequence were

S‘”ﬂ%%ﬁ&*s@&&ﬁﬁc&’@ﬁ@ﬁﬁér fexpRlIee iRasaify iR rRsUbiNg a better
amaltfipkticatiorofilerihgisuhseacen bR GRS prenesird HIYRAVHRERS WA The

- i j h | GAPDH [aP2,
e L AU e e QDN 1 AU T o bl

for N@uR)mMakm D ¢f ,giC A ctdueyteittdgra SER@IDDIGLBYsical  principles  of

EQ ID, . ) li ts of wer
eSS T BRI  ER ON  RiRE
devices for a robust RT-PCR instrument.

Having now generally described the invention, the same will be more readily
understood through reference to the following examples which are provided by
way of illustration, and are not intended to be limiting of the present invention.

EXAMPLES

Standard molecular biology techniques known in the art and not specifically -
described were generally followed as described in Sambrook and Russel,
Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory, 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 realtime
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 freshiy to the reaction buffers each time.
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PCR mixes were prepared by adding the individual components as given
in table below: Component 1X (pi) 10X buffer (see below) 2.0

MgC12(25m1V1) 2.5 dNTP(5mM) 1.0 Primer (2pM) 2.0 SYBR Green 1
ng()@f[% 639 PCT/SG2007/600248

47

Example 1

Effects of crowding the reverse transcription reaction buffer on the yield of first

.strand cDNA. Figure 2 shows a schematic flow chart to show the application

of crowding to enhance reverse transcription of mMRNA fo cDNA.

1. RNA extraction. RNA was extracted from human Wi-38 fibroblasts;
American Tissue Culture Collection, VA, USA (ATCC) and differentiated human
adipocytes from human mesenchymal stem cells (Cambrex Bio Science, MD,
USA) with the Adipogenic hMSC Differentiation BulletKit (Cambrex)] based
on a modification (the modification is in using a monophasic solution of phenol
and guanidium isothiocyanate) of the single step method of Chomczynski &
Sacchi, 1987, Anal Biochem 162, 156. Thé method uses 2 mi of TRIzol, a
monophasic solution of phenol and guanidine isothiocyanate.

Cells/tissue homogenate was dissolved in a precalculated volume (1mi of
TRIzol per 10 sg.cm dish) and 0.2ml 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 mi of TRizol.
All the steps were carried out in RNAse-free deionized, diethylpyrocarbonate

(DEPC)-treated water (DEPC from Sigma) or with the RNAgueous (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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Taq (5U/pl) 0.2 WO 2008/018839PCT/SG2007/000248 51 Water'9.3
"Taq polymerase, 10X PCR reaction buffer: 200mM Tris-HC1; 500mM KClI

Wgr&caow%%% were obtained from InvitrogenTM (platinum Taql),'C%gg%O

reen I was from Molecular probesTm 5To 18p1 of the reaction mlx,7é0p‘))£248

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. Dissoci&tion curves were obtained after taking
the temperature to 60 C followed by heating once to 94C and then cooling
to 25C. 10These conditions were modified/optimized for different target
sequences,as required; (i) Optimizing the annealing temperature:

2. Dypaaingianhaanlierios 40 3h £ AR A aptrmsLacss bR for

PCRollagen | set 1 and set 2 was optimized at 55C. (ii) Mg012 concentration
for the PCR optimized to 3mM final concentration in the PCR reaction mix.

- DptemORM IS erdieinaconipetien snipldodarenakaadiug aitisarémen

cortntrUARE Rackleke Qi QWHAdNS,BMR reaction buffer on the yield

of second 20 strand cDNA. Figure 3 shows a schematic flow chart to show
- Dhesapplisadiontadrerewdiigio enkaneeP@R macromolecules for PCR

applications.

DLS methods: DLS runs were carried out for each of the single macromolecular
species (Fc70, Fc400, Neutral Dextran 410 and Neutral Dextran 670, PVP 360)
solutions using the Dynapro DLS instrument. DLS was carried out at 20 °C by

loading 20ul samples of each macromolecular solution. 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 macromolecular concentrations
in Hanks buffered salt solution (Fc 70: 5mg/mi to 25mg/ml; Fc 400: 5mg/ml to
50mg/ml; ND 410 & 670: 100ug/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 applieﬂ 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:
Smg/mi to 25mg/ml; Fc 400: 5mg/ml to 50mg/ml; ND 410 & ND670: 100ug/ml to
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Ervwdrodynamic radius and optimum 10concentration o
- sQ

1. RNA extraction RNA is extracted from cells/tissue based ona
modification of the single step method (Chomczynski & Sacchi, 1987, Anal

Biochem 162, 156). The method 25uses TRIzol which is a monOé)hasic

S . , 07/000248
VSRS 3Bhenol and guanidine isothiocyanate as mention&d 3RS s

Cells/tissue homogenate is dissolved in a prec,alculated volume of TRIzol
and chloroform is added to separate out the fatty components. 52 Then,
the non-fatty solution containing the¥Rucleic acid material is treated W‘ith
isopropanol to isolate RNA from DNA and the RNA is then precipitated
with ethanol. All the steps are carried out in RNAse-free DEPC-treated

T b is measured at . The quality of the
1 ex rﬁ{ém@ﬁ:g@ﬁﬁm%yﬁgﬁ’ﬁ@ o??ﬁi%qgg; a‘?\%%’alsaymp'e was
sueplgH2Bonif. themyalamvdesyseseantaihg 4DLIS) BraaifgodP C. DLS runs

bénneramplegsiandanR TdyERg whdnagye lighf ﬁﬁ?ét%ﬁ %&éﬁﬂ?waﬂﬁe’é‘ U%Papro

acromolec

Wcﬂng agents DLS based thermostabifity screening of macromolecules

for PCR applications. DLS methods: DLS runs were carried out for eaph

the single macromolecular species' solutions as mentioned above using
5%5' Hyitepnd BPYA sinathasisnt. DLS was carried out at 20 G by loading
s£Pplesprapiasibae readings were obtained at a wavelength of 8258and

analyzed usin? the o ) '
An initial reagent mix was prepared by mixing 1ul each of Oligo(dT) primer and

10mM dNTP (for 1X concentration) and made up to 12ul with water. For
crowding the test samples, the crowding macromolecule (Ficoll PM 400; MW.
400,000, Amersham Pharmacia) was dissolved in water to a final concentration
of 2.5mg/ml before mixing the Oligo(dT) and dNTP mix in the same proportion
as mentioned above. For mixed macromolecular crowding, Ficoll 70 (MW.
70kDa; Amersham Pharmacia) was added to the annealing buffer at a final
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 2g). The mix was heated at
85 ° C/ 5 and cooled on ice.

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

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

0.1M DTT 2l (1,4 - Dithio - L — threitol, Invitrogen)

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

RNAse inhibitor(40U/ul) 1ul

8ul of this reaction mix was added to each of the initial reagent mix and heated
at42 ° C /50" and then 72 ° C/15’



10

15

TM Protein solutions software provided with the Dynapro instrument. 3.
Viscosity measurements: 20 Viscosity measurements at the
corzro%s%ondis)ng concentrations were estimated using the ARES100 FRY
2OMet? Based on the viscosity values, necessary corredtfolSGAuK000248
applied for the hydrodynamic radii as mentioned above. 4.
Thermostability screening: 25To s §en macromolecules for
thermostability, solutions of macromolecules were made in Hanks
buffered salt solution at different concentrations as mentioned above and
200 of each sample was subjected to 35 thermal cycles sequentially at
ThORGERE PAC AU S AR AalATigH IR Ry iRgayers done and
data analysed in the Dynapro software. 53 5. First strand cDNA synthesis
Sample preparation: An initial reagent mix was prepared by mixing 11

6. Sactrmf StgnddhNanesMnesiSmblaDNR aithdsgncentration) and

made upto 12p1 with water. 5 2p1 of this mix was added to the volume of
ProgRove 5586”1188t was calculated to contain the required RNA

- uniS. (€G-l was heated at 65 €l 5' and capled qrtm
Pm?é%l{%ln aéﬁggﬁt?ﬁr?é%%{%% E‘ren@ls grc n%%%rgverees \ rneeparuesc'P g&gé%di%nﬁw%‘[
softyrsitdl Tidd 34): Tos R AT SN Gad 8pch that:

(i) The primer size was ~ 20 nt long each (forward and reverse; FP & RP.
(i) Both FP and RP had T _of ~60°C.

' (i) 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 housekeeping gene GAPDH
[aP2, tactgggccaggaatttgac (SEQ ID NO:1), gtggaagigacgaatttcat (SEQ 1D
NO:2); GAPDH, gtccactggogtcttcacca (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 ’1X (M |
10X buffer (see below) 2.0
MgClx(25mM) 2.5
dNTP(BmM) ‘ 1.0
Primer (2uM) 2.0
SYBR Green 1 (1:500) 1.0

Tag (5U/ul) 0.2
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SSRT (200U/p1)1 pi RNAse inhibitor(40U/pl)Ipl  8ul of this reaction mix

was added to each of the initial reagent mix and heated 15 at 42 C /50

and then 720 0115' The reverse transcript samples were taken out and

QALEUEE3Y C. 6. Second strand cDNA synthesis (ds-cDNK%Vﬁﬁ?ggTé‘)‘mz“g
Procedure 20Primer design: Pruners against the target gene sequences
were designed using the Primer3 7M software. The primers were selected
such that: (1) The primer size was 530 nt long each (forward and reverse;
FP & RP) (ii) Both FP and RP had T of - 60C. 25 (iii) The FP and RP were
so chosen that their complementary sequences on the target sequence
were flanking guences on different axons \ hat any genomic DNA
amplification during subsequent PCR is prevented. (iv) Primers were
designed against aP2 and a house-keeping gene GAPDH. 54 (v) Aliquots
of 2pM were made from stock primer concentrations and stored at - 20 C.

*T?ﬁﬁg&%@%&@@d@(%@@e@é@&d@gﬁéﬁ peivigluat RO PO NETM RS KIbeAnd
in table below:

MgCl, were obtained from lnvitrogenTM (platinum Tagq); SYBR Green | was from

<

Molecular prc)besTM ,

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++] concenfration. Dissociation curves were
obtained after taking the temperature to 60° C followed by heating once o 94°C
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 fo
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 cDNA. Figure 3 shows a schematic flow chart to show the application
of crowding to enhance PCR

1. RNA extraction

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

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

chloroform is added to separate out the fatty components.
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Component 1X (pi) 10X buffer 2.0 MgC12(25mM) 2.5 dNTP(5mM) 1.0
Primer (2uM) 2.0 SYBR Green 1(1:500) 1.0 Tag (5U/p1) 0.2 Water 9.3

WO 2008/018839 PCT/SG2007/000248

52

Then, the non-fatty solution containing the nucleic acid material is tréa’ced with
isopropanol fo isolate RNA from DNA and the RNA is then precipitated with
ethanol. All the steps are carried out in RNAse-free DEPC-treated water.

The absorbance of RNA is measured at 260nm. The quality of the extracted
RNA is determined by the ratio of the absorbance at 260nm/280nm. |

I
L

2. Dynamic Light Scattering (DLS) profiling of macromolecules for RT-
PCR

Dynamic light scattering estimation of hydrodynémic radius and optimum
concentration of macromolecular crowding agents

DLS based thermostability screening of macromolecules for PCR applications.

DLS methods: DLS runs were carried out for each of the single
macromolecular species’ solutions as mentioned above using the Dynapro DLS
instrument. DLS was carried out at 20 °C by loading 20ul samples. The
readings were obtained at a wavelength of 8258 = and analyzed using the

™ x
Protein solutions  software provided with the Dynapro instrument.

3. Viscosity measurements:

Viscosity measurements at the corresponding concentrations were estimated
using the ARES100 FRT Rheometer. 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 20ul of each sample was subjected to 35 thermal cycles
sequentially at 56°C-72°C-84°C. DLS runs before and after thermal cycling
were done and data analysed in the Dynapro software.
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5 *Tag polymerase, 10X buffer and MgC12 were obtained from
InvitrogenTR4 (platinum Taq); SYBR Green | was from Molecular
“probesTm The macromolecular crowder was dissolved in the master mix
EARULK Pé?ﬁ?igred concentration (Fc400: 2.5-5mg/m1; Dextran HGbREA7/000248
125-250ug/m1). 10 For the polymerization step (see below), final
concentrations of Fc70(7.5mg/m1)§nd Fc400(2.5mg/m1) in combination
were prepared in the reaction buffér. To 18p1 of the reaction mix, 41 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
5. FaMoshLih GUISRAL ‘melgiésociation curves were 15 obtained after taking
the temperature to 60 C followed by heating once to 94C and then cooling
SampRksprepaeati@onditions were modified/optimized for different target

i . et
An R R ol lsE A NG R B ORI S an
10refhHA! P Fos i | preaeRIMratigLiAa d napdverAcCTR Mhwighfoetan 2

2 3l egiiandnsled sl awded vanMIE QT HROA YULBECSRIRYRAUNA) hi8Rted
Dextran 410 kDa(125ug/m1) is 30.4 is lower than CT 5for the uncrowded

- to CONRIR Jgﬁygsqr%ly ap@unts (eg. ~1ug or 2ug). The mix was heated at

65 ° G/ 5’ and cooled on ice.

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

5X buffer 4ul
0AMDTT - 241
SSRT (200U/ul) 1l

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

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

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

Procedure

Primer design:

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

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

(ify Both FP and RP had T _ of ~ 60°C.

(iii) 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 ampilification during subsequent PCR is prevented.

(iv) Primers were designed against aP2 and a house-keeping gene GAPDH.
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Sensitivity of PCR amplification is determined by a minimum number of
target DNA required to be present in the sample so that it can be detected
fter ifying for a fixed number of cycles. In the real-time parlance, this
W%%ﬁ(ﬁgg%éyby the cycle number in which there is a significalﬁ '{/e%ez\(}g%/ém 248
10 fluorescence above the baseline, This cycle number that marks the
threshold amplification is denoted gy the term CT. Thus lower the value of
CT, more sensitive is the PCR. Th F1x3000P software (Stratagene)
computes the value of CT by fixing a threshold based on the degree of
amplification and hence  called as the "amplification-based threshold".
(v) AlldIsCIr AP RABLARGH JRNg g MSRORR SIS Qbred at -
analysis. In the present case, the reaction mixes with containing neutral
20 dfextran of 410kDa, show a CT of -30.4 (see fig 4) and the controls without
PCRawSiRg wak 6fBparsyclsy difiareg o efinkikitardhreshols amplificajioans Im
he present case, it was assumed that the efficiencies of the PCR at the
tabf?a?’]%’%‘%ponential 20 phases for the test and the control were the same as
the values of Gengtopesiof both amplifiXdfion curves were calculated and
found to be a%%) imately equal in thf garly exponential phase. Since a
cycle difference ) of 1 suggests a 2-fold difference of the initial
target numbeM@yiéToMparative gdahtitation method, Livak 1997), the
results 25indigafes @m.ippproved sensjtiyity due to PCR under crowded
" conditions due to neutral dextran 410 kDa. The above results proved that

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

*Taq polymerase, 10X buffer and MgCIl2 were obtained from lnvi‘crogenTM

(platinum Taq), SYBR Green | was from Molecular probc—:'sTM

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/mi)
and Fc400(2.5mg/ml) in combination were prepared in the reaction buffer.

To 18ul of the reaction mix, 2yl 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 80° C followed by heating once fo 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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WO 2008/018839PCT/SG2007/000248 66 molecular weight polymers
does lead to increase in the sensitivity of amplification of PCR. Figure 5
shows the CT value for aP2 amplification under crowded condition (red or
WHAARE(MFEF due to Ficoll 400 kDa(2.5mg/m1) that is 30.6 is IB{WEP ER4H/BI$248
for 5the uncrowded condition(control) that is - 32.9. The CT for the PCR
amplification under crowded conditions due to Fc400 (see fig 4) ata
concentration of 2.5mg/m1 was fOL?I?d to be 30.62 as compared to the
control run in uncrowded conditions that was 32.93, a difference of - 2
cycles (by AACT method). 10Next, a comparison of the sensitivity due to a

single macromqlecylar species with a combination of 2 different
Reﬁ*ﬂ%o‘?@g&m@i@ﬁg?ﬁ by mixing Ficolls of different molecular weights
. f . . different gene target (GAPDH). Mixed
Y %ﬁggﬁﬁgilﬁ%ﬁ%g@@en biophysically shown to provide

Figheoafidabaeowding aiects-camparsgifatiRwding Ycniagle shessh1fed
alone (on the oxidative refolding of lysozyme, Zhou et al, 2004). The

or garieralRis aUivelse-rdepiirxend GAPRH 2Phe/mbdsciidids wesdhaside,
for R B T SRR PR, Al permutatons and

SeReMhipasions WLhiR HHTRAYR Welermined by a minimum number of target
DNA required to be present in the sample so that it can be detected after
amplifying for a fixed number of cycles. In the realtime parlance, this is
indicated by the cycle number in which there is a significantly elevated
fluorescence above the baseline. This cycle number that marks the threshold

amplification is denoted by the term Cr Thus lower the value of C.. more

sensitive is the PCR. The Mx3000P software (Stratagene) computes the value
of CT by fixing a threshold based on the degree of amplification and hence

called as the "amplification-based threshold”. All the C, values were obtained

using the Mx3000P 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 confrols 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 apbroximateiy equal

in the early exponential phase.

Since a cycle difference (AAG.) 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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tried and PCR was run. As an example the amplification plots for a PCR
using 20 primers against GAPDH are shown below (fig 6A), the

ombination shown here is Fc70:Fc400:: 7.5:2.5. Melt curv i

& @'c%éégponding to GAPDH (-90C). The sensitivity due?lg %%E r%@éﬁg) 0248
crowding was - 2.0 cycles lower C.r compared to the control that was
uncrowded (figure 6A). The sensitivity with mixed 25 macrornolecular
crowding was better than the PCRY8n with Fc400 alone (2.5mg/m1,; figure
63). The sensitivity shows a sequential improvement with graded
increments of Ficoll 70 (2.5mg/m15mg/m1-4-7.5mg/m1) in combination

' o t f Blogc.ill ( / y: i C ]
mo%%gﬁs%gg ett?r'8 t()?rl’#g% Fl% b%%gvsee%t e%ﬁmg#ggﬁ tal}ﬁge)é@gat %%ﬁ'%[;%é, ofOf
ampiideatipnfRidtioR (due to Fink 70), and better stability of enzyme at later

amplification cycles%%:iell 400). FigHu]re 6A shows an improved sensitivit

Fi%mfi@\?ﬁa%rﬁm HR ¥ BivaiAg SRR BIRGR0 A OMESFoCRRT U s
or @ik @lhvelcfok (- FdaNaTD A2 BRGNP heeERAIerio R caMPt. for

the uncrowded condition(control) that is ~ 32.9.

W

The CT for the PCR ampilification under crowded conditions due fo Fc400 (see

fig 4) at a concentration of 2.5mg/m! was found to be 30.62 as compared to the
control run in uncrowded condifions that was 32.93, a difference of ~ 2 cycles
(by AAC_method).

Next, a comparison of the sensitivity due to a single macromolecular species
with a combination of 2 different macromolecules was done by mixing Ficolls of
different molecular weights to observe effects on PCR of a different gene target
(GAPDH). Mixed macromolecular crowding has been biophysically shown to
provide beneficial crowding effects compared to crowding by a single species
alone (on the oxidative refolding of lysozyme, Zhou et al, 2004). The target was
a house-keeping gene, GAPDH. The macromolecules selected were Ficoll 70
and Ficoll 400 in a combination of different proportions ranging from 2.5mg/mi
to 7.5mg/ml for each. All permutations and combinations within this range were
tried and PCR was run. As an example the ampiification plots for a PCR using
primers against GAPDH are shown below (fig 8A), 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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Figure 6B shows an improved sensitivity by mixed macromolecular
crowding. The improvement in sensitivity due to the combination of graded
“;ncre Oeln;t;%gof Fc70 and Fc400(1,2, 3) is higher than the sens(jit:ir\;'t 9)517%5%248
Fed00 SR (4). 1: 10 Fc70 (7.5mg/m1) Fc400(2.5mg/m1); 2-F&
(5mg/m1) + Fc400(2.5mg/rnl); 3: Fc70 (2,5mg/m1) Fc400(2.5mg/mO; 4:
Fc400(2.5mg/m1); NTC: No tempLg}e control. Specificity of the PCR
product 15Figure 7 shows dissociation curves from real-time PCR using
primers against aP2 under crowded conditions due to Dextran 410 kDa
(250ug/m1) show a single peak, also higher than control. Primer
betEPHRAHAIRINESRANOBRMeRPacdi¢ihyentings by eksandngthefication
melting temperature for aP2 (- ;‘i’_?.SC%. Note the double-peak for FOR in
(dug, fer6 Wl ConaROIPIEA SRR BTRBYRR AR plificafion cycles
(FicodllgoBted length of the target sequence and depends on primer design.
This implies that it has to melt/dissociate at a temperature predicted from
Figtne @hslee\BGGaeomemysdddans tuiigdnirativedensasionsidoyies eedatiiigothe

TheEXPRBIREIHLING SHRHFREYBYIGE a5 AR W%FB?!E\Q&S@%B@M%O

The real-time FOR identified the specific 25 product based on the'melting
cyctespenptnas # doentinéttibn of the melt curve analysis and sequencing the

PCR product reliably identified the right FOR product. 58 (control) as well
Figye &é)\ﬁ&@H’%@ﬁdlﬂtﬁ@‘(%ﬁﬁaﬁmka%ﬁQ GRRarpalRsHEs N BiiSer

TheinfhRSBRIEONEBHSHOMI JO ML resiinmhEaDREITERHEBS HesndReNM).

As can_be seen from figure 8 the melt peaks correspond to a temperature

Fer0 35 4Rt higred dSWHBNER RN fhesp St dhecinve2RBalanga(4). T:
Fe78sifgienghahppEakio(seBGR)ran HoTer Srayidd-coodiios b 3:

e e P R SR

- contigh-specificity that may arise due to such reasons by enabling the primers

to bind to the correct complementary sequences on the target. Another
PCR run to test the effect of crowding by 10 Ficoll 400 kDa on the
(ii) Specificity of RERORIpgpaidigher than routine primer concentration at

. 250 showe t (fig. 7).t ing copditions. maintain the .
gt TR
aP 3tHedRIserwded ponddisfid WECR prediers (cHe WBab(@3suiimifighoyy 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 ’melﬁng 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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Figure 8 shows dissociation curves from real-time PCR using primers
against 15 aP2 under crowded conditions due to Pico!! 400 kDa
2.5mg/m1) show a single peak, also higher than control. Primer
cozr?ggﬁfrsg Ions used 250n1Vi; Specificity confirmed by obselr)\%/a?ﬁoew 000248
melting temperature for aP2 (- 87.5C). Note the double-peak for PCR in
uncrowded condition. 20(iii) Efficiency of the PCR amplification due to
crowding Liu and Saint, 2002 have®8stablished a new mathematical
method for calculating the efficiency of a PCR amplification at any point
during the cycle. Earlier methods have relied on relative quantitation which
Isased opstructi &i@ru an o] 982 A
(Cosmamﬁplg an gSchélgﬁg\t{rll%atﬁéegﬂn 'r?%’vgvn(é%é%% y %ﬁ%@r@ﬁaﬁgﬁp (5% H?em the
reagHewhutanahrieimes erneehiétion efit08oMdErative conerstrviibrsiwged:
20043 Iksbased 08 hesasauRPURRFNE! e amellicrlRe efficeariss ob 4

the test and control are approximately equal and that the amplification

- eEREETE 95 Hosdrd ! pHGRthwBdhbedRca T theecTelctiyeshauwrs e

sin§R%AAMBLURGT) ds.comryig %F%@fﬁé%ogéﬁdmﬂss BH&H?ialrﬁE%mgd

is disadvantageous because it estimates the efficiency at the early

congifiriierfisdPphlesessikierortethd bsewadtldsrisi deresysipadiiicsatest as
a r&XROBERTIRlRPRARE VIHSRHRG esutlbsIRPHERs PSRN YR P49 HB8ue

efficiency does fall at |ate exponential phase and much lower in the linear
o PifAsESARPRBIVE FIEHIOBIEHT, RHNSHY SAfDriBVibE SHTRR! RetBlgmritary

sequences on the farget. Another PCR run fo test the effect of crowding by
Ficoll 400 kDa on the specificity of PCR using a higher than routine primer
concentration at 250nM also showed that (fig 7) the crowding conditions
maintain the specificity of the PCR in the face of changed PCR conditions that
might otherwise lead to non-specific PCR products (see doUb’le~peak in fig 9).

Figure 8 shows dissociation curves from real-time PCR using primers against
aP2 under crowded conditions due to Ficoll 400 kDa (2.5mg/ml) show a single
peak, also higher than confrol. Primer concentrations used 250nM; Specificity
confirmed by observing the melting temperature for aP2 (~ 87.5°C). Note the
double-peak for PCR in uncrowded condition.

(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.
Eariier 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 to 1. Then the
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can estimate the efficiency of a PGR from the kinetics of the reaction and
then can be used for quantitation and normalization. The accuracy of this
method is comparable to the standard curve method and better than the

W@o?ﬂ??é%% CT 10 method and has been applied in the preggw§§a%ﬂ§/g9§248

of estimating FOR efficiency. Figure 9 shows a schematic illustration of
determining the efficiency of a FOR at the late exponential phase of a
PGR amplification. According to themethod of Liu and Saint, the
fluorescence values of test and 15 control samples at cycles A and B were
noted from real-time FOR readouts. Then the efficiencies for both samples

diff@?%rr%ga{ “{ﬁéeqz‘g‘gﬁcﬁé% ‘o hedormuig %%{Y&d%%%%i%‘sa%n%ﬂc%g&g and

2002): Where, orescence value at cyc ber
corfiparkseercexas)a3at eyilerainales Bidatike s arnptitoabon ssuMetss

e B, S g AR Lre MR LE hUESIcrS B th e o 2R er
cydieaninléheflaie anddBainidfbpFRBR wirist? Bag ainstiP2n{setanielt dsirmdsown
facR@HAWLANSLIRRHIRIE fsifalquis: Y ZQARIDLRAIIRGT ﬁo N Lt R TS

60 Efficiency of PCR amplification at the late exponential phase
linggaefpictplgolive this problem, Liu and Saint provide a new method that

can estimate the efficiency of a PCR from the kinetics of the reaction and then
can be used for quantitation and normalization. The accuracy of this method is

comparable to the standard curve method and better than the comparative o

method and has been applied in the present analysis, of estimating PCR
efficiency.

Figure 9 shows a schematic illustration of determining the efficiency of a PCR
at the late exponential phase of a PCR amplification.

According to the method of Liu and Saint, the fluorescence values of test and
control samples at cycles A and B were noted from real-time PCR readouts.
Then the efficiencies for both samples Weré calculated according to the formula
(derived from Liu and Saint, 2002):

ﬁgﬂﬁ = [+E*P
Kon |

Where,

Rna= fluorescence value at cycle number A
Rn,s = fluorescence value at cycle number B (for the same ampilification curve)
£ = 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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Test Control % gain Picoll 400 51% 46% 5% Dextran 670 48% 43% 5%
PVP 360 36% 21% 15%

WO 2008/018839 PCT/SG2007/000248

60

Efficiency of PCR amplification at the late exponential phase

Macromolecule Test Control % gain
Ficoll 400 51% 48% 5%
Dextran 670 48% 43% 5%
PVP 360 : 36% 21% 15%

It is to be expected that efficiency generally decreases at late PCR cycles. Thus
the exponential amplification that is theoretically predicted (efficiency close to
100%) is no longer seen. However, under crowded conditions this fall in
efficiency is corrected so that exponential amplification can occur for a longer
time span. Thus, this indicates that crowding improves the overall efficiency of a
PCR. We have observed that different macromolecules have different abilities in
influencing the various parameters that have been discussed above. So, while
one macromolecule improves sensitivity of PCR (Dextran 410,000), the effects
on specificity may not be that great as compared fo another macromolecule
which has favorable effects on improving specificity or reducing the amounts of
Tag enzyme for producing a good yield of PCR product (Ficoll 400,00)

A higher efficiency leads fo 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 showh below:

(Iv) Yield of PCR product computed from the area under ihe dissociation curve

Figure 10 shows calculation of the area under the curve for PCR with Neuiral
Dextran 410 kDa (125ug/ml) gives a value of 1116 sg.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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It is to be expected that efficiency generally decreases at late PCR cycles.
Thus 5 the exponential amplification that is theoretically predicted

W@gf g;ﬁﬂgx ?hose to 100%) is no longer seen. However, und cﬁrgﬁ%ﬁ‘?/oooz 48
conditions this fall in efficiency is corrected so that exponentia
amplification can occur for a longer time span. Thus, this indicates that
crowding improves the overall efficiency of a PCR. We have observed that
different macromolecules have different abilities in 10 influencing the
various parameters that have been discussed above. So, while one
macromolecule improves sensitivity of PCR (Dextran 410,000), the effects

of t88 anggifisibroaldet H@ﬁbé@éﬁ@lé%ﬁ@%pw §@9m§rsugfgeshve of a

PG HEPRBLHGL OF P naDE RARORLARIA bobt Pl kbesdne

fluopesdentéFdeni 4005 GO BnA iagxlpelram me(mc“r;/) eadctorp grahiss faedingttoé
PCR producthat is finally produced. This is computed by integrating the
datﬂl%%“ﬁf%ﬁ cutPB8 alculate the area under the curve as showh below:

(iv) Yield of PCR product computed from the area under the dissociation

curve, 20 Figure 10.sh ows culation o area un cur, R
Fig i BRI DAL QRIS Dot Galer s PO CGRRIEN
40%5%@ém@/mﬂ)tlweemwﬁ@@%@ﬁﬂﬁtaq*aalmmlamrdpaedskm@we control

CSSThisaftw, a 61 of the am I|f ucs Henceasm esharp
20 a?%wﬂaak% %@a&%& 515 B BrodScEPHE ISR
the thespeakdehitieisrait mt&gearfdrorﬁd#u&rﬁhdm&mmcm dexhdtiteecangspdnding
cor BT S IR e b ISR IR ARSI o 31

tware OoWS cal |on 0 ‘the are undert € curve

in tm@ww.meﬂrlmenMM@mﬁg@@mgm|c;rgw@ma vl ecsp25i7®e Sopueinsiad.

compared to the control 2087 sq.units. *calculation done using
NCSSTmsoftware. As shown in figure 11, the area under the melt curves

FloRP nEiIsetaR FRPHIRAGHE ebrRepBIRAnGNHSEPoPHRErdepdRERIWith
Poljlikglapgriiid eee WBts. KDUs(mpliggan gorasefidd %rivihe tefahyigidhs
corrqggré%th%ma%%moclz%% #8{ cr_%&%ing gvdtnnrl?sspeggg?cmaeﬁ%%ntr%léne using
NCSS soﬁware. As shown in figure 12, the area under the melt curves for
Ficoll 400 and its corresponding control are respectively 2576 and 2087 sq.
units. This implies an increase of 23% in the fotal vield due to the
macromolecular 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 sqg. 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 Tag polymerase enzyme
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Figure 12 shows the calculation of the area under the curve for FOR with
Polyvinyl Pyrrolidone 360 kDa (125ug/m1) gives a value of 8478 sq.units
ared to the control 7022 sg.units. *calculation do
“ﬁé@%oﬂware As shown in figure 12, the area under thé;'(?nﬁ%%%w(ggus
for Ficoll 400 and its corresponding control are respectively 2576 and
2087 sg. units. This implies an incggase of 23% in the total yield due to the
macromolecuiar crowding with respect to the control. 20 Figure 13A,B.
Amplification and dissociation profiles of FOR runs using primers against
aP2 gene at Tag concentrations of 1U/reaction under crowded conditions

wasdlb?ége%?“g@ ReshewR indiguredihdie aay Uf&@%dﬂﬁrm@mur{v\aﬂd@r i
yvinyl Pyrrolidone 360 and its corre ondin r | are 3 ectivel
1 Z%W‘%ﬂﬁﬂﬁ%qpﬁﬁﬂgd”ﬁmgr B’f?ﬁﬁ%eaé%?f%/o F e'gfjoéfAq
weré”ﬁlddiélﬁrt@ the P@R@m@lemarairowdmgddmhmmmmemUMMSW@
08/0 PCT/SG2007/000248 6 enka t th
dﬁ?%r %@gg@cr}%’%@ﬁrg&n% Wwhich | e ﬁma@?.oﬁ&lﬁ% Selectad
consé\denrcgngbgqrtheramprqorrmekdtmuawﬁbf g2 enaypdfigaiienmadidentethéhe
macﬁ%ﬁ&ﬁgg (e HW f%WG'@@e%%%@cﬁréﬁofndmgrﬁ(%ﬁﬁg biceddaificity

5mg/m1) this concentration of Ficoll was selected, considering
andgfiglgrevious results with aP2 amplification, whence the macromolecule
resulted in a better amplification profile in terms of specificity and yield. A
series of dilutions of Tag polymerase were made from a stock of 10
1.2aUlreac as fo% a}] { Zgyérmepea RXBa9-2P5H1X% stock  of
A %?rﬁ%?frcdétlrélr? BIGA Ha egz?t uncrowded and crowded conditions

1 zmmma@dpéwachwmﬁoa @W@@n%@@ﬁ@’éw&fﬁcém%ﬁ%ﬁ@ &f

GA&H‘JF% Eianis é&ﬂ%&?é@&'&% 13y Thawaefiledpdiaiesvpasierseasivtyat
and efficiency for the crowding sulc;&orted amplrfrcatrfn When the
eachishbtianion %lﬁ%@%o&@r@@dg eaipaAHeHS b 89&8\?8‘%8 ‘Ssg}"%W& in

figuk&lq: %Aﬁgmﬁmwebﬁimﬁwwmmmm aﬁedr:amrewtheg
curve IS alSO her for the crowded condition
SUPRIIGG lad?ﬁﬁécﬁ@ﬂ 5 SR AP GHE S e ¢ }?ﬁeﬁ Rﬁ%f@%&gﬁs

ution
corraeptinded e@Tidry i€ $ﬁ@/vrn:ba)ov'vrhﬁmmnounfstr(amo)iact/aamp@ca’ted by

the B IR RIS ENDE ALGIES IGE IEARCEGHALE oBAkiBANA table

con orma |zed MCO
showing the amount of the PCR product produced at higher enzyme dilutions

(as mentioned earlier) is shown below. The amounts (AUC) at various dilutions
are relative to the AUC of the 1U/reaction aliquot.

Enz. amt condifion Normalized AUC

TU/rxn —MMC 042
+MMC  1.00
0.75Ufmxn  —--MMC  0.40
+MMC Q.71
0.5Umm —MMC  0.31
+MMC 083
0.25Ufrxn  —MMC  0.28
+MMC. 0.58
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+ MMC1.00 0.75U/rxn --MMC0.40 + MMCO0.71 0.5U1nmMCO0.31 +
MMC 0.63 C.25Llirxn --MMC0.28 + MMC 0.68 WO i Cuctivity of
2008/018839PCTSG2007/000248 63 A comparison of the productivity o
WL rase at reduced amounts in the PCR reaction mBCHHa?a&u00248
under the melt curve for each enzyme concentration was calculated and
normalized with respect to the AUG for the enzyme concentration of
1U/reaction mix under crowded conitions, denoted as 5SMMC in the table:
refers to Fc400 at 2.5mg/ml. (vi) Effects of crowding on reverse
transcriptase activity Fig. 14A,B. Dissociation curves from real-time PCR

f e transcription.of RNA derived from adipose tissue using
A S Pt Com A PR R 2 R he
P%Itr@mﬁi@sh@wgaﬁi@@%u@rfﬂg@ﬁhempml&ddm(@).M):Eatget@ixﬁne
cofESHRMAARIT ERIAEESTNGHIBHAR BLIRINA HIGRTOMRR AL C for the
conditions; (B):Target DNA was derive ﬁom reverse transcription of
erEREACaneR i AHieBWE AN Feaalipsnaix under crowded conditions, denoted as

MMC in the table; refers to Fc400 at 2.5mg/m.

(vi) Effects of crowding on reverse transcriptase activity

Fig. 14A,B. Dissociation curves from real-time PCR after reverse transcription of
RNA derived from adipose tissue using primers against aP2 gene, under
crowded conditions. Area under the melt curve shows a higher value for (A)
compared to (B). (A):Target DNA was derived from reverse franscription of
mMRNA under crowded conditions; (B):Target DNA was derived from reverse
transcription of mRNA under uncrowded conditions.

After reverse franscribing 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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After reverse transcribing the mRNA under crowded conditions, a PCR on
the 15 first strand . cDNA was done to find out if there was an increase in
W@g}ﬁge\o/%g% transcript due to crowding. The target cDNA Wa%cdri}lsjé%((jm 000248

seria {y ih 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. 20Figures 14 A and B show an
amplification and dissociation proﬁf’é‘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

in SIANIR] RANINOREGT S 4o Tuisifipiedsia mardloal ngrease oo,
sensitivity, suggesting a g?ea er concentration of the 'star ing erﬁﬁia?e fhat

amy 25dbtaineR upipsiiciowaedceonditiors. tisa terap@ittoiahavas obtained

undiFSAciAHEn RISKRRMY. thAtdhelftfAn SSIRBISHIDG AR QBRI fves
the PCngroduct produced due to the template that was obtained under

showst sl '8RiRENs. A calculation of the area under the melt curves
showded the fol owi%%%'? Area gnder curve A = 6421 sq.units Area under

Areq E8E S sq & KIS

rence of 33% in area under the melt curve

Are‘gmé’p%%ggrgt;_ng{gﬁrgé\{gﬁ&gn the reverse transcription reaction yields a

greater amount of second strand cDNA that is an indirect measure of an

A dkeinsreasedficstinternd [Meanipldeliiedq-ggowding. Example 3 1. RNA

extraction 15 RNA was extracted from human WI-38 fibroblasts (American
Thidssneotpdtatn g allentbovdey Ap ULA raadipecytesstifiptentiatedtfoanyields a

man.mesenchymal stern_cells brex Bio Science, MD, USA) wit
oo R R e BT oS e
inciperedardstrendvithNd FRU (Bigheajrirediad. water or the RNAqueous

(Ambion Inc., TX, USA) according to the Manufacturer's protocol. 2.
Reverse transcriptase

Example 3

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 fo the Manufacturer's protocol.

2. Reverse transcriptase

Complementary DNA synthesis was carried out according to the
Manufacturer's protocol for SuperScript |l reverse franscriptase with
oligo(dT) primers with the following modifications. Fc70 was added fo 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



10

15

20

25

30

Complementary DNA synthesis was carried out according to the 25
Manufacturer's protocol for SuperScript 1l reverse transcriptase with

ollg‘@%{ rimers with the following modifications. Fc70 was added to the
i Buffer at a final concentration of 7.5mg/ml. For th&CT/SG2007/000248

polymerization step, a final concentration of 7.5 mg/m1 of Fc70 and 2.5
mg/m1 of Fc400 WO 2008/018839PCT/SG2007/000248 65 were added
to the reaction buffer. 3. Polymera$® chain reaction Two pl of DNA where
used as target for all PCRs in a reaction volume 5 of 20 pl. The
component concentrations for all PCRs were as follows, unless as
othe ted 1U Plat um Tag. DNA polymerase in Ix reaction buffer,
We%@ ‘”%%%P%‘b M MgClZ The thermal cycling program for all
PCRs was the followmg unless as otherwise stated: 94C/5min, 94C/30s,
3. %}?%@%ﬁa i% Q1llagen | set 1, 30; GAPDH, 35; aP2 and 10
8 agen set , 42) cycles with a final dissociation step of 60C
Two 9hCacDNAT Whete dirfAgaRitamEt 30 atthB GRee i ERRIEAALIBE
of A aNd GRPLIMPEeRP Gorddaatciaors | st ﬂa@R@ S%?eW@% SRffows,

Fluorescence was detected with SYBR Green | (Mg

BRGNS, AR SbqUbrEUFe: L, DSUA potymerase in 1
reé@ﬁé@tggﬂmgaaﬂtgamsﬁ@ﬁ&é\l@ﬁd gtgoaapigeicgaatitat {SEQdDcycling

NO:2); GAP tcoact ttc o
progq o atfg{g% Joch % ggcs (%‘Eg) B\Aﬁ%cjtj@gﬁagen%geﬂhse stated: 94°C/5min,
945Q Sy GRS g A28 IO E (o QditpgRdtierb it gy GARPISESD;1BP2 and
mTE8 89 Né&tﬁg%tt%%tt@gﬂﬁiﬁ%w& L4R4) S2BGICHYRIBRERC 4R Qof

O!8);collagen | set?2, 20 gtgctaaa gtgccaatg t SE ID NO:9),
Goctbcf@ggﬁt&tt@étcﬁ(‘SE@/EDW 16N Fﬁceﬁgﬁ‘/lt enid1e annea ing

temperature for aP2 and GAPDH was 56°C, and for Collagen | set 1 and
set 2 was 55°C. Fluorescence was detected with SYBR Green |
(Molecular Probes-tnvitrogen). Primer sequences were: aP2,
tactgggecaggaattigac (SEQ D NO:1), gtggaagtgacgaatitcat (SEQ ID NO:2);

GAPDH, gtccactggegtcticacca (SEQ ID NO:3),  gtggcagtgaiggcatggac

(SEQ ID NO:4); collagen | set 1, agccagcagaicgagaacat (SEQ 1D
NO:5), tcttgtccttggggticttg (SEQ ID Né:G); M13, tigcttceggtetggtte (SEQ ID
NO:7), caccctcagagecaccac (SEQ 1D NO:8), collagen | set 2,
gtgctaaaggtgecaatggt (SEQ 1D NO:9), cicctegetticettcetet (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
(gtamaacgacggcecagt) (SEQ ID NO:11) were added fo 100 nM ssM13mp18
DNA (New England Biolabs Inc., MA, USA) in buffer with 1U Tag. 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 fo 55°C/1 min foliowed
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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The M13 processivity assay for Taq. DNA polymerase was performed
accordingto Bambara et al. Accordingly, 100 nM of primer 25

cggccagt) (SEQ ID 140:11) were added to 100 EIM 8 %mb?
W I%I%Eé(?ﬂ%gv%England Biolabs Inc., MA, USA) in buffer with 1 a%%NA *

poiymerase in the absence or presence of Fc400 at a final concentration
of 2.5 mg/ml. The samples were hegted to 94C/5 min, cooled to 55C/1
min followed by 72C for 1-5 min. The reactions were stopped by adding
50 rnM EDTA 30 and placed on ice before gel electrophoresis. For the
reverse 66 transcriptase processivity assay, a standard RT was

tram$efRratRd witheubrRg witadhe masrualgCrles 75d YWEFSMOSR i BuRSNnd

above, following which one half of the reaction was sub%;cted to digestion

it} eRRASe MBS P 36V T840 Bgwee, msurhvantaliesiad whvch one
halfligesieddactionperiopiutetetthabsrparale Rk IaNA RGN 15

. agarqse.ge ose gel electropharesis Reaction products were eithe
Lk LR Rt G e PR
sefforaiathiteaddemathng dyGlo sggpeise bé).at the stipulated 10

concentrations of 0.6 or 2.0%. The molecular weight markers were 1 kb

(Promega Corporation, WI, USA), 50 and 100 bp (Invitrogen) DNA
Adpiase gebelesiraniterasis done with SYBR Gold (Molecular

ReBEabR BT QBN e FMRIRIWErBCRREUERMANILR podaleadogEMusa)

i0-Rad) and densitometri¢c analysis was performed with Quantity One

B
99&%4.%?2%5@*:'&883{%5(*%@%%“ O°6f TEE' DNADolyAielage PhBHIRAPd
corsteagsitigraf Tab!. DBIA@ohATERSEHRampRridaraneddiytherahrercavand 1kb

ce of the. mac lecule Fc400 mall molecules lose, and
e A e R A L RS Enant
Post-staining was done with SYBR Gold (Molecular Probes-Invitrogen) and

the images were captured with a Versadoc'" (Bio-Rad) and densitometric
analysis was performed with Quantity One v4.5.2 (Bio-Rad).

Thermal stressing of Taqg. 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 85°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 'Ix PCR reaction buffer. Ten |
reaction volumes with 2 U of enzyme were heated at 95C for 45 min.
Following which 5 | of the stressed reaction was added to the standard
W@AW%W%@R and subjected to 40 thermal cycling events. 2B CHIGARHEN 248
of the area-under-the-curve and late phase PCR efficiency The method of
Rasmussen et al. which uses the NCSSTM software was used to
calculate the area-under-the-curve§fom the PCR dissociation curves raw
data values derived from the Stratagene software MxPro v3.20. The
late-phase efficiency of PCR amplification was calculated 30 according to
R Em%t 09 ggLi ﬁg% Sa_lint. _67 RES_l_JI__TS f(_)r Exgmple 3 Sensi_ti\_/ity A
ey goal In pplications is sensitivity. It is defined as the minimum
Senaitiviyof target required for a specific PCR amplicon to be detected

A »&Qﬂ%{@a@ hagkgroundgiveshayithe Sidau R rerl-imestrrdous Therefifnum
the To

wer the Ct value, the more sensitive’is the PCR. We demonstrated

ampigitoyohdarrgt deasiremagrchineetiiesH R AnRiigatetades Keipsiaahave
ba&ﬁm@mvwebi,rm?a@@a%y @nrl?@élcﬁﬂl]&réga@uw;tyh%@w@,ethe lower the
transcripgtion was performed with ' n ng of total RNA startin .
SHE A e T R e B e S
cestandardofioensienutzew(fed) MCRFid: A 5) 00 etattaistahdaat usfionaaddon,
al 3.9 and ¢tively (Eid.: ta t ificatio
We\plnloétils'?a(% a%fg@/ le t%%ﬁeélﬁﬁhﬁe%riéga% It’,k\?l‘a)'ainligi?ﬁq,ll;r r%t@varI}Eatlaﬂi%bz‘l tﬁle%as

pettoanaciiElz SR 201 Sonsiavey. CtsiBNAngadinat trateral followed by

anfiiPRAgRHabPhassefiR RsrFetheisaniondihrataisdase pdhaeretifslded)
amplification, this equates to an gverage sensitivity gain of greater-than
G017 Bl @ BRI 2RI WG B RS DR s o BERGaLReY

(Fiptal 5V AdRdherpreses eerplifivatinmsisie i demasktraied g readerstically,
sensitivity than the RT prepared with 10-times (500 ng).th unt of... .
2 BRI b Ao eI, The ARt 20 R ity
CqRsgiéBbgrighatpatethim eamjyinetipnneitiizhelmgrosé gel etrdphoresision
ig.1 n aat th icops for allthe treatmants, er
ra‘t(%:e%gar%?e%%shn%gn \itvﬁeég%eg?gt[mgﬁéﬁn%lewés to%botr?f#he %T and PCR we be
sefsilinitandperfrartaeban fyfoithd IRrchdbp EFdramplan e prudiniae RT
prépstaliseaee eonagrogrotetalleri@s akowe) felleyeddy 25 aaiissliaiies
with collagen | PCR in thg\}éar.ese ce and a s_Fnce of a acrom(glecule (8:5%0
dexpys il pd cRAISTRGRSIHN DA BidAtdthdh SREIRAER VB WHER TS
ng)eaetiensovat eop RfpAiadiiethd psasence robonaciolsmlesy [@hdFiis sdudiation
Fig. 15¢..left.panel). The dissqciation curves (Fig. 15¢, right panel) and
Cue%asrosgpgé{] ig. i?gﬂtdepn%ﬁ trate thar t uen%trgﬁ[rﬁicc\)“f@30%\}gre? é‘% ical. gel
electrophoresis (Fig. 15c¢) 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 greater-than 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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68 POR yield and late exponential phase efficiency Overall PCR yield was
considerably enhanced under crowded conditions, resulting in many-fold

ield in specific amplicon for aP2 (Fig. 16a). Amplifi r
[?())grétﬁeé i% the absence and presence of Fc400 with 5 dei%@sgamﬁ/ 00248

amounts of Tag. DNA polymerase. Even at one-quarter of the rag. DNA
polymerase concentration (0.25 unit (U)) in the presence of crowding the
yield was 6-fold greater than the yléﬁi from the reaction with 1 U enzyme
without crowding, per U enzyme. The graph values were taken from

integrating the area under the dissociation curve for each sample 10 (Fig.

6h, WhICh re ts the tal guantity of specific PCR
chgfﬁjg 8x8t° \'/1|f3y ?’ ?/ 8)‘“' of ‘Be?g% generally determined by

Ovﬂnatlrdaetmw@‘htlm whiitetehivalnieoesssegndethslataiespenaatigns,
res] mRYyficafon bl t@?eﬁ?(ﬁf?ngﬂe'ahé fméBH”fHPaétﬁz (Fig. 16a).

€0 etlcaIIy |cted an can be attained by efficient reactions

Anx@fﬁ@ew eveée ReTOUYELisin sthe BRERAGR N EdTaRETRRsYh fid @ iwith

delREAHIEG A GIASEdP they takkoBoyhrIdbs. DEOKErauNemeyRiterbthehe

( aP2 P R exa le above, the a dltlo c400 It d 2-fold t
Taga NG 8% e%?%ﬁ[% QBré;gse‘WH @Bgoffel S\%lﬁtg?r;sgteerr

crdtﬁﬁ:@tg)nhﬁnems avastieefeldy gféietencihahuthacgmidtiigriotieaemettarwith

ield. In addl lon the tlon the 0 NG
%f?ﬁe rlnqaec%[mo echle wasqbﬁgérba 23 gﬁ% gﬁégt?rrg?ﬁ \?%ﬁflterr%%l%s?

frostabiliegiiekelhpariertendET atheD NaIssliaerashitat fds faghe FORIe

(Fig® p‘i%%“cétt%tﬁ ) eRRMRers FRlbHe tﬂ@Cteenahnmtfer%r@éerﬁ@ PCR

OWGVGI’ epresent conditions under-which PCR is performed are far

PW@H%VEB%@@QH@‘MFM%WR@onan%rgﬁﬁ%dﬁoﬁ?ﬁéfﬁt'l}fs deieumined by
thaVherecths engsitienogs inglted fiamalyedesteddbe thetmsakstabiizinential
amprlcl) c%rt[\or(\) prhcgls%O f‘?hgsa th%Nexponentna) amplification that is theoretically
predicted and can be attained by efficient reactions (efficiency close to 100%) is
no longer seen. For this reason the Ct is measured as close to the “take-off” Ct
as the background permits. In the aP2 PCR example above, the addition of
Fc400 resulfed in 2-fold greater value for the slope at exponential late-
phase which correlates with faster reaction kinetics and thereby efficiency,
thus accounting for the greater vyield. In addition, the Iduration 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 aqualicus 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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polymerase and compared against known thermal stabilizers, trehalose
and 30 praline. The enzyme was heat-stressed in the presence and

absence of 69 the macromolecule or compatible solutes prior to the PCR
W&&?)(g/”l]r?’ﬁ'?e presence of the same. Only the presence of FAATOPGAY 77000248

trehalose preserved the Tao. DNA polymerase's enzymatic activity
(Fig.16c and 16d). In the presence of proline or in the absence of the
other additives reliable enzymatic $&ctivity was lost after heat stress. The
"1 C difference in the Tm of the amplicons (Fig. 16d, right panel) is not
surprising since trehaiose is known to reduce the melting temperature of

DNA duplexes. Processivit Increased processivijty is the ability of .
i A e R e B CAIC
prggence efitioresame | drggricempsenestafiFstandmdftreltés a crdscPaat the

T e R W Vs Ao

of i s sGheldbility BPsRTeMeietifesabenhaddiEéves pretiasiivigraymalc
achMf RRlYMeasaverRerfosneda ¢lassicat sigglersi@ndgd M 31(ssMi 3he

processivity assay in the absence and presence of macromolecules. This
Al BRS 5K FHTNTEAIN® BB I B o BT R ARTPWERT ISP (B IRMEY
redecathengsatRy esegeltansitiaDN Antdisldljected to densitometric
analysis. The presence of Fc400 resulted in an average 20 increase in
product of 15% (Fig. 17a, left panel). More significantly, the presence of
Prieeemdvitier resulted in larger DNA fragments which is apparent from the

InEFLAlME RHOLAUCRRY ‘?§ilﬁ%@ﬂﬁ%@’é@%’?@@%&?%eﬁagf’mﬁepolymerase

enaturing agarose gel (Fig. 17b). The enhancedqgrocesswlty induced by

anstJRRRPWERNSRITI SR p e IRIHOPe TBREPM B8 CRNGSSaycatpIamentary
stEhe25Additioriel amacremelantle abEyFe-0hiSER Fadd b eRaieddifplex

amplification of the correct amplicon (1547 bp) under conditions of limited .
ang s RIBMEME @RIBCINEShia!! e PUA RIGH TS oft FPIARARsSRERALP
incrardingncomidenotiamatifetie tusrettidm phit onaRRenelseuiamn sdviptaseance

oA ST RS O VOIS PSR S
stegmihdsidin ttesMbSe o eerb VN0 ZEFE8/0N 88BOPAPHS G2 (ATIOP R4S G®) of
macromolecules. This involved one priming and polymerization event which
was then run under denafuring agarose gel conditions and subjected to
densitometric analysis. The presence of Fc400 resulted in an average
increase in product of 15% (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. 17¢). The
addi;cion of a macromolecule mixture of Fc70/Fc400 enabled the ampilification 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



10

15

20

25

presence of crowding additives (Fc70-Fc400). Densitometric analysis of
the denaturing agarose gel of the reaction products (Fig. 17e)

_de rated an increase of total cDNA produced of 86 and 22% faor the
Wgrcz)%%@j&%%ndition before and after digestion of the total RN}A(;IE/eSsGrJZg((]: f(\)/oéﬂ%f‘g
(Fig. 517d), Specificity We were unable to amplify a particular collagen |
template target region through standard RT-PCR due to its long distance

form the olig(dT) priming site (-4396310 bp; NM_000088). However, when
a mixture of Fc70 and Fc400 was added to the PCR the specific product
was clearly detected at the lower range of primer concentrations (100-300
nM) (Fig..18). The higher..prim ions resulted in high, .
Pre ot DU SoRE BB e resant ot oAt fethe
dermiwing agatesengsko) dnerasedtinrntherosystssdhis of fahciemosdiaéed an

incAELeasNEISACUPRGP SIRIMRAAN B aliselee obmacranolprules Qoled

possessed non-specific products. The success of the FOR was due to
conglifiihcafisacaivsty Ftehe YertiRNaLh st dwihgrasrariyrlv Gis-
17d), 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
Speafesi®yomg/mil 5mg/ml and 10mg/ml.  PCR runs were done on cDNA

WS A A 8 B oo
stapaeriiRE-BS By dles tof itk lgeg distanceserdete /o (dT 2 péyica sie (~4390
bp:IANPWBAdRE; 6QEGR (P8R £ rhRRAE DI CA0TARISBEPIE Xl HESed to .

were 20 pli reaction in duplicates. The PCR products were then run on a

thez%&%%@%ﬂarmqa WaRitF'SHBR ARIRFIH vidhidfatlonsT bEES orP!
priafersasincaimagiogssyste0nBiosRagivi figarg. 19 a8d 2 GRyMEth primer
cofs RIS PR T AEHoBSS SRR BN LU SRS 68 <t
present and dominated the amplicons that were generated in the
presence of macromolecules, whereas the reactions preformed in the absence
of macromolecules only possessed non-specific products. The success of the

PCR was due to enhanced specificity of the primers as a result of crowding.

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/ bminutes
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 G
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5 sensitivity. However, PCR with PEG at all 3 tested concentrations
showed a decrease in sensitivity relative to controls. Dissociation profiles
W;{]gwgeid asgr’gelt peak of 91 deg C typical of our GAPDH sequence. '2:3%%060248
1 ?,& %5; confirm the CT values of the PCR products; 2/0 Aggrdgg ge
confirms the identity of the PCR product at 261bp. 10 Analysis.of FOR
results of Example 4 and discussion. The threshold CT for
macromoiecular crowders showed &2 cycle decrease compared to the
uncrowded condition. Therefore, sensitivity due to macromolecular
crowder combination of Fc400 and Fc70 showed a 4-5 fold increase in
sensitivity than uncrowded. However, at similar w/v con ations, 15
T RO UHORE S Sy e PR 14 (P SEIEE BB ob N ere
thedeahcoowal 2y dgembdExgehpledSstainfedtuity &RReBotdd@f visualization of
c I [ estyict u igest
DT O om0 S s
CrRFFENR O the PeStiicdRMAss AN ERER | funier e AN fuReRreR g Rter

seReRditioNsRS drstrestaklighett he: optimakbepnditions=hsialisbatdred a
follows: Target lambda DNA@ome a Inc, WI, USA) 6.25 ug/ul;

. ISA) 6.25 ug/ul;
deRRAsE RUPEST INEY T RRIYS3 ?Wﬁéf SHSSeGIEIRth P oflGS SBARshe mett
peglaitdy: deyritsyefdat R b(¥eni EDgl ot BepleddsEid o) An 902 3 eeadiionthe
X, 2. Then, t boptimal capdition, where PNA is not or incomple
Ol B T BB e o AR o e SRR 5 the

(v

PGedueitgcia 28(h2008/018839PCT/SG2007/000248 72 amount of the
enzyme EcoRI by one-tenth; at 0.2U per reaction, and (2) reducing the

AnglyiierfttfeRoesttts of ExamplsstiGnAumisavestothen carried out under

crowded and rowded 5 conditjons by crowding the reaction mixes at
TG R O T RCEa B P BT NIEE LN Pa DB o
cohipgled, fomdhal, 1admgdat 15omglitbn20nmpérgfpND6 geratithZypgdug to
mA2 SRk ERY M3 RIMWHBY: of Foa00 and Fe70 showed a 4-5 fold

increase in sensitivity than uncrowded, However, at similar w/v concentrations,
PEG 4000 showed a >2 cycle increase in Cy, 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
resfriction enzyme, EcoRI, under standard (uncrowded) conditions was first
established. The optimal conditions established as follows: Target lambda DNA
(Promega Inc, Wi, USA) 0.25 pg/ul; temperature of incubation: 37°C; time of
incubation: 1hour; 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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4. After running the reactions, the reactions were stopped using a stop
solution 10 containing 50mM EDTA at 5pl/reaction mix and kept on ice for

5 min|7|6[les. 5. The digested fragments were identified usinglg arose ge

I
: . P CL/ 7000248
Wa & ?op oresis as in example 1 with modifications as follows: B3,

agarose gel electrophoresis was run and bands identified by ethidium
bromide staining. 15 Results for example 5 Effects of crowding on the
activity of restriction endonuclease E2oRI Under uncrowded conditions
(Fig. 22a; blue arrow - lane 3), there was no digestion using 0.2 unit of
EcoRl after 1 hour of incubation at 37C. Therefore 20 the reactic:)n .
onditions have been rendered sub-optimal for any digestion to be carrie
A S L bRt (el BEnéE S bAoA (2
regiiogghentstrapenatete, tai2deé€crowded conditions due to Ficoll 400 at 0.2
unit of EcoRlI per reaction (fig 22a; red arrows - lanes 4 to 7). Thus a
digestion was realized under crowded 25 conditions even with a tenth of
3. tﬁg%ﬁﬁ'%ly%d@@yﬁﬁ@@nﬁmﬁwincwtegndnrorcmgfdsnbramammow@ed

coﬂ@ﬁbﬂé%@%%@ﬁ@%%ﬁ%ﬂﬂ?é&oH%Hﬂagtm%dﬂgﬁ%gggéggtgbove)

d&gﬁstiondp_j_ofi e for all the samples. However, it was observed that the
as
r

RYS; fﬁﬁ,‘dﬁ%‘? At ch2RM, hsve/BHind0msiBt, chrpadmbvitBmatril,
20afteml; INIDB70VE) PROSHIHBEBUNGTIIE G260 4/RN024B 5bug/ml.

4. After running the reactions, the reactions were stopped using a stop solution
cohtaining 50mM EDTA at 5plfreaction mix and kept on ice for 5 minutes.

5. The digested fragments were identified using agarose gel electrophoresis as
in example 1 with modifications as follows: A 0.4% agarose gel electrophoresis
was run and bands identified by ethidium bromide staining.

Results for exa‘mple 5

Effects of crowding on the activity of restriction endonuclease EcoR]|

Under uncrowded conditions (Fig. 22a; blue arrow — lane 3), there was no
digestion using 0.2 unit of EcoRl 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 ﬁnit of EcoRlI 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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incubation under uncrowded conditions (fig 22b), This suggests that the
enzyme activity is saturated/inactivated well before the 3 hour time period
and hence no increase was observable after this time. But under crowded
c%ﬁ%ﬂ%hg:???here was a more complete digestion at 3 of the B(5r/5G2007/000248
concentrations of Fc 400 at which crowding was set-up (fig 22 b; see red
arrows) - lanes 4 to 6. Thus crowding was able to maintain the activity of
the enzyme even after 3 hours at 37&. Thus crowding stabilized the
enzyme at longer incubation times at the temperature mentioned above.
10 Neutral Dextran 670 as the crowder Under uncrowded conditions (Fig.
~ 22a; blue arrow - lane 3), there was no digestion using 0.2 unit of EcoRI
InchheHa MO IRETHRR G HETEHAR RAD IS SHABRSLS MR GRS REGEM®
aciB§Nsederad suusivimal (esippyfdigesiion imbetibeperied antiyeties no

_enzyme. However, there is evidence of a definite digestion, although not
moé%ﬁ?&l&@?tﬂ?&éf“@%t\%&ﬁﬁrc [8fis due to ND 670 at 0.2 unit of ECoRl

Bupentraciion dkg! Zﬁadiiimow_st)uélfhus%cﬁgesﬂemwag!mw&@@ﬁﬂﬂd@t 3 of the
5 cgcrgﬁw\évle? e{rja. 10?19'%‘%”?0%88 \Q’ftmﬁi&%nmﬁ%r%@Ps%t—‘ﬂﬁ?‘?ﬁ?”?i”ﬂﬁ see red

s in"arestriction digestion reaction. 20 We then explored if

arrextendcidnesubatich dowel BioNih wancrele dmplaiptalg et edpe

en%#l SARRIgS, BlQwiees: #was observed that the results did not differ
uch after 3 hours of incubation compared with that after.1 hour

ThueulsENAGdsiREHERIVARE MRS g a5 THRUEAE3Rs RS fle e

te@PEYBIgraGHuidnsaksaied/inactivated well before the 3 hour time period
and hence no 25 increase was observable after this time. 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

N%E%l PR 80 28 e BYLen that the DNA is nearly completely
uigestfrowded conditions (Fig. 22a; blue arrow — lane 3), there was no

digestion using 0.2 unit of EcoRl after 1Ahour 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 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 saturatedfinactivated well before the 3 hour ﬁmé period and hence no
increase was observable after this time.

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



10

15

WO 2008/018839PCT/SG2007/000248 74 compared to lanes 4-6 in figure
23a. This means that crowding would indeed stabilize the enzyme and

W%xztoerg;(/j 1i'g;si.;z‘active half-life. ~ Thus crowding stabilized the enzyme aZ%(I)%g(%r“g
REUBAHER times at the 5 temperature mentioned above. Effect of

crowding on restriction digestion reaction at reduced temperatures
Under room temperature, ECOR1 is more active under crowded
environment 10 than uncrowded erdironment. In figure 24, lanes 3 & 4,
which were crowded by Ficoll 400(12.5mg/m1) and ND 670(375pg/m1),
complete digestion occurred while in lane 1 which was not crowded, the
DNA was incompletely digested. _ The results preliminayily indicate that
coraparrd e nerprptR i &gt fidRs B 18&8B% gr,om%;nggowaté@l Indeed
stabRAiens eRANeiNe serMDRIecves hatM:.
2008/018839PCT/SG2007/000248 75 List of references 1. Bambara,R.A.,
Uyemura,D. and Choi, T. (1978) On the processive mechanism of
Thiscberiatia cailabNAepoliraermszyme. Bid.|Clgan. mBhationadigies at the
teng:h(?g%g V%t%ﬁ 55 ov BI, Livanova NB. Biochemical effects of
holecular crowoﬁng. lochemistry (Mose). 2004 Nov;69(11):1239-51. 3.
Cheung, MS. Klimov, D, and Thirumalai D. Molecular crowding enhances

ERE R O (LIRS CIGUARIAT éalEon Praf Nelhuced
temperatures

Under room temperature, EcoRl is more active under crowded environment
than uncrowded environment.

In figure 24, lanes 3 & 4, which were crowded by Ficoll 400(12.5mg/ml) and ND
870(375ug/ml), complete digestion occurred while in lane 1 which was not
crowded, the DNA was incompletely digested.

The results preliminarily indicate that even when temperature conditions are

sub-optimal, the crowded conditions enable the reaction to occur.
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MCSLLP 77 Claims 1. A method of nucieic acid synthesis and/or

amplification, and/or of improving the efficiency, activity and/or stability of
Glelgasst one nucleic acid-modifying enzyme, the method comprising

carrying out the method in the presence of (a) at least one organic-based
hydrophiligsraseoraeleridrivado asyotresisr wedjot obsRibeatioBOOaBdor of
.and neutral surface charge, ar (b) at least one qrganic-based hydrophilic. :
IRREQYIRSILEICHARNS Y. ra‘aﬁY&aﬂBﬁ% f?%%égfnﬁ? ?aﬁ& ﬁeeauqra Tr auc{'\a!&C acid-
woargmyhsrgimibe thacioribiedutnofi@ing (Wesyingsanttatize method in the

concentration of 2.5-25mg/ml. 2. A method of nuclei [ [ .
R A B 0F O HBIUAG i Y ST ST having a
wieleitity=ofaeilghasbbBokilelziccatikbaatityingutral\sudatee chatbedor (b) at least
comprising carrying out the method i t
RS S R I eGSR LR TR TRERE e, of 2 t0
50k aatad5N8kbal st faeetreh angaoehetaigeher (hacromaieaws of (a) or (b) is

organic-based hydrophili I E@%ﬁ s having a radius range of 2 to
%r(%l%ngl% gﬁ){ﬂg QE%@({)@ %ﬁe. %qe method according to either
claim 1,(a), or claim 2, (a), wherein the macromolecule has a radius range

F2 10 0pm s ACEOMINg M 80K OBRALINSRISHRAAEN, and/or of
glaimsféwlmaerzz-ri]rclj g]egﬁnn;ﬂcjr%%?glgﬁgﬁgs a%%us range of 5 to 20nm. 5.

i oneth otheceticiieincly @alivity, esisaisiability, fhatdpagicone nucleic acid-
n ﬁ&g@'e&#{%«%s %Hﬁot‘ﬁ‘é%dwsi%gﬂéﬁ%%awiﬁa%@ﬁ-tﬁeTh?ethod in the
me ccor r gcl h

Ing to any one of the preceding claims, wherein the ,
presence of (a) at least two organic-based hydrophilic macromolecules having a

molecular weight of 50kDa to 500kDa and neutral surface charge, or (b) at least
two organic-based hydrophilic macromolecules having a radius range of 2 to

50nm and neutral surface change.

3. The method according to either claim 1,(a), or claim 2, (a), wherein the

macromolecule has a radius range of 2 to 50nm.

4. The method according to any one of the preceding claims, wherein the

macromolecule has a radius range of 5 to 20nm.

5. The method according to claim 1, (b), claim 2, (b), wherein the

macromolecule has a molecular weight of 50kDa to 500kDa.

6. The method according to any one of the preceding claims, wherein the
organic-based hydrophilic macromolecule is at least one carbohydrate-based

hydrophilic macromolecule.



organic-based hydrophilic macromolecule is at least one

carbohydrate-based hydrophilic macromolecule. 78 7. The method

according to claim 6, wherein the macromolecule is a polymer of glucose- MCSLLP
and/or sucrose. 8. The method according to any one of the preceding

claims, wherein the macromolecule is d8lected from Ficoll 70, Ficoll 400,

neutral dextran 410 KDa, neutral dextran 670, PVP 360 kDa or a mixture

Thereofl he. Wféﬂmé’th@@m&mﬂ@ telIAY &e%'ﬁ@rﬁ@”bré@@dm@%@m%ecme is a

Mfﬁ{%ﬁl the massenpigrile s bigoll 70 or Ficoll 400, or a mixture thereof.
10

The method according to claim 2, wherein the macromolecule(s) is
present at a concentration of 2.5-25mg/ml. 11. The method according to

gny ongrf the fessediesral whesie tae m@%%ﬁ@lﬁﬁ@@élﬁ@omﬁ@mm the
]

present at a concentration 15m€1/m1 and/or Ficoll 400

BEEeRtRIasHBrS SeiRRtrhiraMafieilfO ildreli 442, Ret tﬂ?dﬁra” 410 KDa,

REGEHIInER AN PO EFYf theaDr RERABICCHaIRIS eMipRii@IBf the macromolecule
has a viscosity of less than 2mPa.s. 13. The method according to any

one of the preceding claims, wherein the nucleic acid-modifying enzyme is
gt leastraaenetymerassoadingdeasty dde Diataephoderitngrdiagrs, anyerein the

ERSSABRAREI) DR (WoRI) SO R TR DA,

wherein the nucleic acid- modlfylng enzyme is at least one polymerase.
15. The method accordin clajm 14, wherein
0 ﬁ_ W (éel thesolggnerase IS at leculie(s) is

e red¥ee MEHLYIHRLSY 158118, AR A dLEdiRG o any
prRssehtha precadiTgralitms i\ et asmiyeninethod is a RT-PCR.

11.  The method according to any one of the preceding claims, wherein the
macromolecule is Ficoll 70 present at a concentration of 7.5-15mg/ml and/or
Ficoll 400 at a concentration of 2.5-5mg/ml, or a mixture thereof.

12.  The method according to any one of the preceding claims, wherein the

macromolecule has a viscosity of less than 2mPas.

13.  The method according to any one of the preceding claims, wherein the

nucleic acid-modifying enzyme is at least one polymerase or nuclease.

14.  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 wherein the nucleic acid-modifying enzyme is at least

one polymerase.

15.  The method according to claim 14, wherein the polymerase is at least

one reverse transcriptase.



17. A kit for use in the method according to claim 1, for nucleic acid

synthesis, and/or amplification and/or for improving the efficiency, activity MCSLLP
and/or stability of at least one nucleic acid-modifying enzyme, the kit

comprising (a) at least one organic-based hydrophilic macromolecule of

molecular weight 50kDa to 500kDa and heutral surface charge, or (b) at

least one organic-based hydrophilic macromolecule of radius range of 2 to

Hnm dhe reathad@saeEditarige 2SR eh e RIRFREIBLRAING) Whesgin the

ISAFRSE ipReper of a solution of concentration of 2.5-25mg/m1 and
optionally at least one nucleic acid-modifying enzyme. 18. A kit for use in
the method according to claim 2, for nucleic acid synthesis, and/or

gmplifigation ARdigsdoriMmpEoREtHR eﬁ&é@mgaqﬁviaraa«md/w Fwbifibedic acid
at least one nucleic acid-modify ma/enzyme the kit comp %g at least

sXatesishianHos @mpISAIRE A o RV e neSHiiypnd/or
Lo-pRRKAR ankAsURE SWItIER @mmfm@eﬁaﬁwqmgan@omwng (a) at

hydrophilic macromolec Ie of ra%fﬁs ran o tral

A4 BB SrRP SRR RGP SRS B BRI eight 50KDa
&ﬂzsmmoé%ﬁdﬂhemmﬂIﬁlrtacéamhé@e{vtmfeon)tm nmormieculgsmc-based

AR g R £ TS Rl 18, fajCwp ARy eutal surface
BrReRNeleREaA neausnangeuts btq@pmm(ﬁ)l i§ lmésteataqrdheg fiorm of a
MBI HBIR b opaeit T LA A 8o e ), Ohe nuceic

wiigreindifeinperamalecule has molecular welght of 50kDa to 500kDa.
MCSLLP 80 23. The kit according to any one of claims 17 to 22, wherein

the organic-based hydrophilic macromolecule is at least one
G&rbohydﬂatefbasesiehydrdpeilimetlaocbraotmrdieg 2. Tkt aco‘@fdingql@ic acid

claim 23, wherein the tone h e
@%ﬁﬁ@r gf‘é{%’ S |(‘jﬁ'l%r A EEe rt@ Yﬁ@%&%ﬁcor ng o a y%‘?@lo and/or
elalm&;liﬁﬂetﬂéawhemmﬂmetmmﬂmmmg solgyonel mhmkmwlmm;smg (a) at
400 and ne tral d n of 410 tral
[pash iR AR R oI ME e ch ' efih s0kDa
Whe‘?@ﬂk[m mantrmeote&julsueca-‘aeold:ﬁarge Fieoll( ht)oatorieashxtm th@@@p -based

ﬁ% 't aC%OCI’C(l)I 'Pé/ 8P?ac{5 f%;g {) [0 D% neutra) surface
mo ec e1is’in orm of a Ficol utlon at a concentratlon of

zmrgemmmmMaHFwdmaWutm agdrivedifdteheifzyssmg/ml,
or a mixture thereof. 28. The kit according to any one of claims 17 to 27,
wherein the macromolecule has a viscosity of less than 2mPa.s. 29. The
Kif accokdiitpsardinghtoafiaiaii8 1whered) theanasiodaledesdadresent in the

RSIeiSs 2 RS RR S S Rble2%: 95 gRmerase or nuclease.

20. The kit according to either claim 17, (a), or claim 18, (a), wherein the

macromolecule has a radius range of 2 to 50nm.

21. The kit according to any one of claim 17 to 20, wherein the

macromolecule has a radius range of 5 to 20nm.

22. The kit according to either claim 17, (b), or 18, (b), wherein the
macromolecule has molecular weight of 50kDa to 500kDa.



30. The kit according to any one of claims 17 to 29, wherein the kit is for
the synthesis of complementary DNA (cDNA) from total RNA, mRNA

and/or DNA and the nucleic acid-modifying enzyme is at least one MCSLLP

polymerase. 31,The kit according to claim 30, wherein the polymerase is
at least one reverse transcriptase. MC8PLP 81 32. The kit according to
any one of claims 17 to 31, wherein the method is a RT-PCR. 33. A
macromolecule mixture comprising at least two organic-based hydrophilic

pracromgleqiescydaley RABHMIREOBTORSIAHS iIndeReIdENiM ével@)tBE organic-
least one macromolecule havin? molecular weight 50kDa to 500kDa and

Raskdl shydiapbiisrgéna BfdBiedst die bridRsculeaRohg!pte-based

rRgiksprang enakloid Sieanieand neutral surface charge for use in the
method according to claim 1. 34. The macromolecule mixture according

to claim 33, wherein each macromolecule, independently, is as defined in
ady ongled dtitimecbtding. t85clAima3omhladite selutiondastusadnaiblsiydrate-

cid synthesis, and/qr amplification a dg}r for improving the efficiency,
Barst) RGP SISl & 2P aRI S CORR NS PHEIRG at east one
macromolecule or a mixture of macromolecules as defined in any one of
ims 1,to 12. 36. The.madromolecule solution accordjng {o clajm 3 .
PRerein 1 B L2 BBt e i e B-commrggrein the
ceon@Bae84e 87 sdlenttdduonh priecpd iy &inwtdiiiadecutestiatidexivan of 410

in nucleic acid s S} r amplificati nd/or for improving the
AR D B oY AR cemocitying
enzyme, comprising preparing a solution comprising at least one

crom@lecule o ixture of omolecuwles as.defined jn aRy one.af...
e TS T A BRSO B T A7 8 28 fihein the
macremaamligdisodolition FiaslbAd8cosigy roftbgs tieiedmPa.s. MC
SLL. P 82

27. The kit according to any one of claims 17 to 26, wherein the
macromolecule is in the form of a Ficoll 70 solution at a concentration of 7.5-
15mg/ml and/or Ficoll 400 solution at a concentration of 2.5-bmg/ml, or a

mixture thereof.

28. The kit according to any one of claims 17 to 27, wherein the

macromolecule has a viscosity of less than 2mPa:s.

29. The kit according to any one of claims 17 to 28, wherein the at least one

nucleic acid-modifying enzyme is at least one polymerase or nuclease.

30. The kit according to any one of claims 17 to 29, wherein the kit is for the
synthesis of complementary DNA (cDNA) from total RNA, mRNA and/or DNA

and the nucleic acid-modifying enzyme is at least one polymerase.

31. The kit according to claim 30, wherein the polymerase is at least one

reverse transcriptase.



39. The method according to claim 37, wherein the macromolecule(s)

solution has a viscosity of about 1 mPa.s. 40. 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 MCSLLP
having a molecular weight of 50kDa to 80okDa and neutral surface

charge, or (b) at least one organic-based hydrophilic macromolecule

having a radius range of 2 to 50nm. 41. The method according to claim

40, whemgingine feasinRols GG israsdtesaiRed in ey oRghek&laitRe kidthod is a
12. 42. The method according to claim 40 or 41, wherein the method is

kil Rut (a) at standard time and temperature conditions, or (b) at

extended time and lower temperature conditions compared to the time

d te%f)erature in ﬂa). 43. A method of determining the optimum

wdinty CORGHRQIRFY!FnefRBIYS: ntRIBRISING s HithlS8St ahifyr Organic-based
ayhidfidtio marsdéon dedonpeo g tbin efficle nexcantiviy aunel/odstediidgrtly is: (a)
at least.one nucleic acig-modifying enzyme, the method. c isi

o oA FIE ARG L ha RO kDA 1 500kDa and
megianslgfade ishangat leasionthdraieashases ingdigphdiecule having a radius
macrom ule of molecular weight 50kDa to 500kDa and peutral surface .
o0 1o STttt e et SR ARt RIS M e SEooraing
taditsmamnge 2 to 50nm and neutral surface charge, and determining the
macromolecular concentration or macromolecular concentration range for

the optimal volume exclusion effect with minimal viscosity changes of the
Bhcronmbie cufearsubkitonled4nikherenethodrdtgrdingdaiotai®34 3 wherein  each

Whereim, W&%emagj@&af? r%“%%'?%‘f‘i’ﬁ‘é&?ﬁ%?&r ‘§%PEI ims 1 to 12.
macromolecular concentratiory tange for optimum crowding Is based on
estimation of hydrodynamic radius of at least one macromolecule.

M§-SLLD %”a‘ﬁ?ﬁ]mgﬂlﬁg YIARIVIEY 2,SH P AT IRIBCUGER, and/or

macromolecu
amplification and/or for improving the efficiency, activity and/or stability of an

enzyme, the solution comprising at least one macromolecule or a mixture of

macromolecules as defined in any one of claims 1 to 12.

36. The macromolecule solution according to claim 35, wherein the solution

comprises the macromolecule mixture according to claim 33 or 34.

37. A method 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 33 to 34.

38. The method according to claim 37, wherein the macromolecule(s)

solution has a viscosity of less than 2 mPa:s.



conditions 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 method comprising providing at least one MCSLLP
macromolecule candidate, wherein the macromolecule is (a) at least one
organic-based hydrophilic macromolecfife of molecular weight 50kDa to

500kDa and neutral surface charge, or (b) atleast one,

SSrbon)BfatEIEHARY RREBRHNG dRcRABIetdre YRS $10 JBARCRRiecule(s)

detenivrniag heigwderylar wrahtandigisconcentration of the
macromolecule or mixture of macromolecules with improved nucleic acid

synthesis, and/ or amplification and/or of efficiency, activity and/or stability
aDat leAstr@iroilioleiniakitt meidibigestionycoengobipgred igiag ot the method in

acromolecule,or. mixtyre of macromolecules of predetermined molecular .
8 e ROl R IS S B AT Bl s h LIS SraRiRAgea nydrophilic
piasemhatecolendentimgion of@dctda?2Swe@htl.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.

41. The method according to claim 40, wherein the macromolecule is as
described in any one of claims 1 to 12.

42. The method according to claim 40 or 41, wherein the method is 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).

43. A method of determining the optimum crowding conditions in a method
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 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 organic-based macromolecule of radius or radius
range 2 to 50nm and neutral surface charge, and determining the
macromolecular concentration or macromolecular concentration range for the
optimal volume exclusion effect with minimal viscosity changes of the

macromolecule in solution.

44. The method according to claim 43, 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.
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45. A method of identifying a suitable macromolecule and/or macromolecular
conditions 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 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 nucleic acid synthesis, and/ or amplification and/or of efficiency,
activity and/or stability of at least one nucleic acid-modifying enzyme compared
to a control macromolecule or mixture of macromolecules of predetermined
molecular weight, radius and/or concentration, wherein the macromolecule is

present at a concentration of 2.5 to 25 mg/ml.



