Ativadores e Inibidores de
PCR

Marina dos Santos



Ativadores, potencializadores ou aditivos, sao
moléculas que aumentam a eficiéncia, o
rendimento, a especificidade e consisténcia
da reacao de PCR.

Devem ser testados para cada combinacao
de molde e Iiniciadores.

Muitos produtos de potencializacao estao
disponiveis no mercado.




BETAINA




Sao aminoacidos;

Aditivo mais comum usado para aumentar
a amplificacao de seguéncias ricas em
pareamento GC;

As vezes € comercializada com outro
nome, sem a indicacao de presenca na
composicao do produto.






Facilita a separacao de reacoes que sao
ricas em GC;

Impede a formacao de estruturas
secundarios no DNA,;

Reduzem a metade a acao da polimerase.



O
]

CH3—[CH2]IO—C—O—[CHZ—CH2—0]4—H
N—  — ——— e —_——
Parte hidré6foba

Detergente nao-ionico



Estabilizam a tag polimerase,;

Dificultam a formacao de estruturas
secundarias no DNA.

Dependendo da escolha do detergente e da
concentracao, pode inibir a tag e permite a
formacao de ligacoes nao especificas entre
primers e DNA.



CLORETO |.
TETRAMETILAMONIO




Melhora a uniao das fitas de DNA;
Aumenta a compatibilidade de DNA e RNA;
Diminul as ligacaoes inadequadas no DNA.



Sao duas substancias recentemente
descobertas, onde estudos apontam que
melhora a amplificacao de regioes ricas em
GC.



Formamina: Tem efeito benéfica em
concentracoes entre 1-5% e diminui a
INnibicao em concetracoes maiores que
10%;

Bovine Serum Albumin: facilitam a
amplificacao de DNA mais antigos, ou gue
apresentem inibidores;



Artigos de ativadores.



HOVEL INHIBITION-RESISTANT TAG MUTANT ENZYMES AND PCR ENHANCERS
DESIGHNED FOR FOREMSICS
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Compostos gque alteram o resultado de
uma reacao de PCR;

Podem inibir em diversos niveis, levando a
diferentes graus de atenuacao, ou ate
mesmo a inibicao completa;

Propiciam erros na interpretacao dos
resultados.



Podem se ligar diretamente ao DNA,;
Afetar a tag-polimerase;
Reduzir a disponibilidade de ions Mg++.



Do proprio material coletado para a
amplificacao;

Dos produtos usados da etapa de
purificacao do DNA.



Hemoglobina
Ureia
Polissacarideos
Sais bileares
Acidos hiimicos

Calcio

Table 1. Kn

inhibitor

bile salts
complex
polysaccha rides
collagen

heme

humic acid

melanin and
eumelianin
myoglobin
polysaccharides
proteinases
calcium ions
urea
hemoglobin,
lactoferrin
immunoglobin G (lgG)
indigo dye

own PCR inhibitors.

source oOf
inhibitor
feces
feces, plant
material
tissues
blood
soil, plant
material

Reference

hair, skin

muscle tissue
plants
milk
milk, bone
urine

blood

blood
denim

*Reviewed in reference 25.




Hemoglobina

= |nibidor mais usado;

*0O Fe++ age na ligacao do Mg++ com a Tag
polimerase, inativando a enzima.



Polissacarideos

*Presentes nas amostras vegetais;

*|nterferem na acao da enzima Tag-
nolimerase.




Encontrado em 0Ssos e dentes;

Altera a concentracao de Mg++, alterando
a atividade da Tag-polimerase.



Produtos ultilizados na
purificacao do DNA:

EDTA - Acido
etilenodiamino tetra-
acetico;

Heparina,;

SDS;

Proteinase K;

=Sals em excesso;
= Cloroférmio;
*Fenol;

=Po das luvas;
*Tubos de PCR.




Detergentes idnicose |l
alcools

=SDS, etanol, fenol, isopropanol e outros
contribuem com diversos mecanismos na
Inibicao da PCR.



Proteinase

Degradam a enzima Tag-polimerase.



Heparina e EDTA

= Anticoagulantes;

=Captam ions metalicos como o Mg e Ca
(quelantes).



Existem relatos de que esses tubos podem
conter uma substancia inibidora liberada a
partir de poliestireno ou polipropileno apos
exposicao a luz ultravioleta.



Artigos de Inibidores
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Immiscible phase nucleic acid purification eliminates PCR inhibitors with a single pass of paramagnetic particles
through a hydrophobic liquid.

Sur K, McFall

Abstract

and the accuracy 5. This preanalytical pro ally imy ; on micropa

and dilute out i ring substances. We have develope | purific ces multiple steps with a single of paramagnetic part

though an imm e hydrophobic liquid. Only two aqueous io : uffer, in which nucleic aci ; 5, and an elution buffer, in
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C hrough the immi

s required by comparable puri

enable the development of faster and simpler purification s

PMID: 147 [FubMed - in process]  FMCID: PN
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Efficient removal of PCR inhibitors using
agarose-embedded DNA preparations

David Moreira*

Laboratoire de Biclogie Cellulaire BC4, URA CNRS 2227, Université Paris-Sud, Batiment 444, 91405 Orsay Cedex,

France

ed May 4, 1 Accepted May 20, 1998

ABSTRACT

The use of agarose blocks containing embedded DNA

improves the PCR amplification from templates
naturally contaminated with polysaccharides or humic
acids, two powerful PCR inhibitors. Presumably, the
difference in size between the DNA macromolecules
and these contaminants allows their effective removal
from the agarose blocks by diffusion during the
washing steps, whereas genomic DNA remains
trapped within them. In addition, agarose-embedded
DNA can be directly used for PCR since low melting

DNA macromolecules (e.g. complete prokaryvotic or eukaryotic
chromosomes) for pulsed-field gel electrophoresis analysis. has been
tested i this work Basically, whole cells are embedded mn low
melting point (LMP) agarose blocks and then immersed i a lysis
buffer. By tlus procedure. mfact genomic DNA (gDNA) can be
obtamed avoiding shear damage (4). Several washing steps can be
cammied out prior to other treatments (such as endomuclease
digestion). Taking advantage of the important difference of size
between DNA macromolecules and most common soluble PCE.
mhibitors, I have adapted this method to the preparation of ugh
quality gDNA for PCR amplification. Large DNAs remain trapped




Como PCR é uma técnica que é muito
usada na aria de biotecnologia, e é
necessario muitos produtos para sua
realizacao, muitas empresas se lancaram
no mercado para das assiténcia a essa
area.



Fundada em 1998;
Especializada em comérico online;

Vende produtos ligado a técnicas de
biologia molecular;

Faz pesquisa com microorganismos para
descoberta de novas enzimas para
cCOmercio.



Fundada em 1994,

Produtos relacionados a DNA, RNA e
Epigenéticos;

Comercializa kits que retiram os inibidores
em uma reacao de PCR.



Fundada em 1993;

Oferece produtos para técnicas de biologia
molecular aléem de servicos como remocao
de certos tipos de DNA.
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Poréi...

PDUFEILE © PROCESSO @8 tecnice e PCR,
DOCIEFEI0 SEF BCrescenreas substancias que
POMEVErEe melher rendimento, @speciicicdade
® consiswencia na ampliicacso. Em
SOIRPRrICE), cContaminantes Peelenm recuzir
Crasticament® © SUCESSO /a8 Freacao 0@
Pelimerase, poaenco apenes etenualr COMmo
mbem nibir por cempleto.
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Aditivos:

Melesulas cuja runcao € a e oumizar &

rercre @ POR, razende-a mals ericiente, i

ES[PEElcR), consistente ® oumizancdo SeU

nendimentor :

JRloegn SEr @ncontrados a venoa por

SMPrESES Especializadas

Porgue usar aditivos?

« Cada aditivo tem a sua
particularidade, a sua atuacao,
durante um PCR. A sua especialidade
vai depender da sua formula quimica.




i Betaina:
- Aditive mais usadeetialmente, ajuds
nE alilvecao e DNA pelimerase em

FREleEs Fflcas @m pares e bases GG,
Sl Mdid® B ¢
Addibe: .
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8l DMSO (Dimetil sulféxido):
o Quance Usaeo e GenNcCeNtracoes Enre
2=10% @leiRam & reacae mals ericiente:

o [FRxsllive) e ere e desnaturacao 0@
FRQIOES o pareamentos GG,

o Queanukeces de acima e 10% num

PO eiicultam & atividace da Tad

Folinerase, ou seja, a auvicade da

eliinerase, 1ezencdo com que cala a
S 070







: @@t@m@@mﬁ@g nao-ionicos:

o [Esiaoilizam & lag-polimerase @
pedeniimpedigabiciinactofee
SIS SeeUundarias.

o [Enoere aumentem O renaimento,
PeEEm aumentar a ampliticacio

nNESPECIIca.
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Outros adlitivos:
0 [[JESEZEF2 <Clesoxiguanosing @
eneleges amplificam PNAS que
pessamifeljnaesStjuitiias
secilipeaiash
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(@) Crance benericio.ns reacao.
Mas cuancde ultrapassa ce 10%,
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amplificacae




'
el




Por ser uma substanciaque nao ©
congela, ele ajuda na estabilidade
da Tag- Polimerase, e com isso, ha
sua conservacao.
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NOVEL INHIBITION-RESISTANT TAQ MUTANT ENZYMES AND PCR ENHANCERS
DESIGNED FOR FORENSICS

Milko B. Kermekchiev'', Zhian Zhang' and Wayne M. Barnes'?
'DNA Polymerase Technology, Inc.
*Washington University, Department of Biochemistry and Molecular Biophysics, Saint Louis, Missouri,

Major problem with PCR-based forensic tests of samples containing blood and soil are false negative
results and low sensitivity caused by inhibitory substances. The effect of the main PCR inhibitors in
such samples, hemoglobin and humic acid, is primarily associated with inactivation of Taq DNA
polymerase. Therefore, various protocols and DNA extraction procedures are being used to purify
DMA prior to PCR. These extra steps add to cost, are time-consuming, may not completely remove
inhibitors, or may lead to losses of target DNA. As a novel alternative these pre-PCR steps we have
recently engineered mutants of Taq polymerase (OmniTaq and Omni Klentaqg) highly resistant to blood
and soil inhibitors (Kermekchiev, M. et al., Nucleic Acids Res., 2009 Apr; 37(5):e40. Epub). We also
developed novel PCR enhancer cocktails (PECs) which further improve the performance of the mutant
enzymes in crude samples, and increase the specificity and sensitivity of DNA detection. We present
data showing that the mutant enzymes, combined with PEC, can amplify human targets, including
STR markers from crude samples containing whole blood, soil, or combination of both, where plain
Tag and AmpliTaq Gold fail to perform. Identical results are shown with dry blood spots, directly
subjected to amplification without DNA extraction. The new enzymes also generate STR profiles from
swab specimens without any DNA purification steps prior to amplification.

We also illustrate that OmniTag and Omni Klentag in the presence of PEC can outperform AmpliTag
Gold in amplifying nuclease treated partially hydrolyzed DNA. With damaged DNA, extracted from a
forty year aged hair shaft, the novel enzymes can produce a STR profile with some spurious alleles,
using the PowerPlex 16 kit, while no STR profile is produced with the AmpliTag Gold enzyme.
Development of Taq mutants / PEC combinations optimized for overcoming inhibition in other than
blood and soil specimens is underway. The novel enzyme-enhancer systems could eliminate, in many
cases, the need to purify DNA prior to PCR and speed-up, lower the cost and increase the efficiency
of forensic DNA testing.

The work on this project is founded by an ongoing MIJ Grant Award 2008-DN-BX-K299.
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Biochem Biophys Res Commun. 2008 Sep 1;347(3):747-51. Epub 2008 Jul 5.
An efficient and economic enhancer mix for PCR.
Ralser M, Querfurth R, Warnatz HJ, Lehrach H, Yaspo ML, Krobitsch S.

Max Planck Institute for Melecular Genetics, Berlin, Germany.

Abstract

Polymerase chain reaction (PCR) has become a fundamental technique in molecular biology. Monetheless, further improvements of the existing
protocols are required to broaden the applicability of PCR for routine diagnostic purposes, to enhance the specificity and the yield of PCRs as well as
to reduce the costs for high-throughput applications. One known problem typically reported in PCR experiments is the poor amplification of GC-rich
DMNA sequences. Here we designed and tested a novel effective and low-cost PCR enhancer, a concentration-dependent combination of betaine,
dithiothreitol, and dimethyl sulfoxide that broadly enhanced the quantitative and/or qualitative output of PCRs. Additionally, we showed that the
performances of this enhancer mix are comparable to those of commercially available PCR additives and highly effective with different DNA
polymerases. Thus, we propose the routine application of this PCR enhancer mix for low- and high-throughput experiments.

PMID: 16842759 [PubMed - indexed for MEDLINE]
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J Mol Diagn. 2010 Mar;12(2):152-51. Epub 2010 Jan 14.
Direct DNA amplification from crude clinical samples using a PCR enhancer cocktail and novel mutants of Taq.

Zhang £, Kermekchiev MB, Barnes Wh.
DMA Polymerase Technology Inc., 1508 South Grand Blvd., St Louis, MO 63104, USA. zhang@klentag.com

Abstract

PCR-based clinical and forensic tests often have low sensitivity or even false-negative results caused by potent PCR inhibitors found in blood and soil.

It i5 widely accepted that purification of target DNA before PCR is necessary for successful amplification. In an attempt to overcome PCR inhibition,
enhance PCR amplification, and simplify the PCR protocol, we demonstrate improved PCR-enhancing cocktails containing nonionic detergent, |-
camitine, d-(+}-trehalose, and heparin. These cocktails, in combination with two inhibitor-resistant Tag mutants, OmniTag and Omni Klentag, enabled
efficient amplification of exogenous, endogenous, and high-GC content DMA targets directly from crude samples containing human plasma, serum,
and whole blood without DMNA purification. In the presence of these enhancer cocktails, the mutant enzymes were able to tolerate at least 26%
plasma, serum, or whole blood and as high as 80% GC content templates in PCR reactions. These enhancer cocktails also improved the
performance of the novel Tag mutants in real-time PCR amplification using crude samples, both in SYBR Green fluorescence detection and TagMan
assays. The novel enhancer mixes also facilitated DMA amplification from crude samples with various commercial Tag DNA polymerases.

PMID: 20075207 [PubMed - indexed for MEDLINE] PMCID: PMC2871721  Free PMC Article
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“‘Estes cocktails, em combinacao com dois mutantes resistentes ao
inibidor de Taq, OmniTaq e Omni Klentaq, permitiu a amplificacao
eficiente exdgena, endoégena, e o alto teor de GC do ADN tem como alvo
diretamente a partir de amostras em bruto, contendo o plasma humano, =
0 soro, o sangue total e sem purificacao de ADN. Na presenca desses
cocktails de aditivos, as enzimas mutantes foram capazes de tolerar pelo
menos 25% de plasma, soro ou sangue total e tao elevada como 80% de
conteudo de GC em modelos de reacoes de PCR. Estes cocktails
potenciadores também melhoraram o desempenho dos novos mutantes
de Taq em tempo real a amplificacao por PCR utilizando-se amostras em
bruto, quer na SYBR Green fluorescéncia de deteccao e ensaios de




Imbldores

o COMPOSIOS OFYLNICOS Ol INOrganicos
QUE CuUEnCe pPresenes num PCR
00EEIN EuEnUar o [nilir per complet®
&) [BRIGE &) polimerase, interrerindo
e amplivicacao oo DNA desejado.

0 SEI0 GOIMUNS @M amosias e DNA @
0OEEMm ter das mals valrliadas origens.

o Causam a leitura errones dos

resultacos.




Acao dos inibidoes:

o [LgamS® dirfemmente 8o DINA;
SAfetaimaNiacspelliiperases
o [Reduzem & cisponibilicade de ilons




Exngt@m @@ff@p@m@m@g naturais numa amostra ou até
mesmo que estejam presentes numa das etapas de
purificacgo que podem funcionar como inibidores do
processo de PCR:

o [Hemogleing, ureia, acicdos hhmicos,
polissacariceos, sals bileares e sélelo (naturals)

o [EDTA (Bsico etlleno diamino twira-acetico), heparing,
SDS (Cetergente 0nico), proteinase K, sals em
ERCESSO, Clorerormio, renol, pod celuvas, tulbos de
PCR (oara & puriticacgo cdo DNA)

o MNeeels comoe o etanol, fenol, isoprepancl também

contriouem para a inibicdo de PCR.
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o € © pifneipal inibidor em amostras
paralRER}

o (0) o Fe~r arapaliha na ligacao do jon
WMg=r & Tae-Polimerase, natvando &
enzimiaP




Calcio:

o0 [ERGCONIFECO @m abuncancia NoS
QENLES @ OSSOS, @le Interrere na
concentiracacledlciVics®

o0 AViee Ciretamente g .acae da Tad
oeliiherase.




| Polissacarideos:
« Contaminacao por polissacarideos
sao mais comuns em amostras
vegetais

 Age diretamente na Taq polimerase
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 Fazem a degradacao da Taqg-
polimerase.

Heparina e EDTA:
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0OSSEM CORLEr Uma subsiancia
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Extracao de DNA de materiais de arquivos e fontes escassas para
utilizacdao em reacao de polimerizagcao em cadeia (PCR)

Rev. bras. hematol. hemoter. 2004 26(4):274-281 Barea JA et al

Artigo / Article

Extracio de DNA de materiais de arquivo e fontes escassas para utilizacio

em reaciio de polimerizacio em cadeia (PCR)
Methods of DNA extraction from archived materials and rare sources for utilization in

polymer chain reaction

Ja fi“ff ine A. Barea' Este trabalho visou a comparagdo de cinco métodos diferentes de extragdo de DNA
Maria Inés M. C. Pardini de materiais de arguivo {técidos incluidos em parafina, esfregagos de sangue peri-

. s Jférico — corados e ndo corados com Leishman, [dminas com mielogramas, golas de
Tsieko Gushiken sangue em Guthrie Card) ¢ de fontes escassas (células bucais, um e trés bulbos
capilares ¢ 2 mL de wrina), para que fossem avaliadas a facilidede de aplicagdo ¢
a facilidade de amplificagdo deste DNA pela téenica da réagdo de polimerizagdo em
cadeia (PCR). Os métodos incluiram digestdo por proteinase K, segutda ou ndo
por purificagdo com fenoliclorofdrmio; Chelex 100®  (BioRad); Insia Gene®
(BioRad) ¢ fervura ém dgua estéril. O DNA obtide foi testado para amplificagdo de
triés fragmentos génicas: Brain-derived newtrophic factor (764 pb), Factor V Leiden
(220 ph) e Abelson (106 ph). De acordo com o comprimento do fragmento génico
estudado, da fonte potencial de DNA ¢ do método de extragdo utilizado, os resulta-
dos caracterizaram o melhor caminho para padronizagdo de procedimentos técni-
cos a serem incluidos no manual de Procedimentos Operacionais Padrdo do Labo-

ratorio de Biologia Molecular do Hemocentro - HC - Unesp - Botucatu. Rev: bras.
hematol. hemoter: 2004 26(4):274-281.

Palavras-chave: Materiais de arguivo; fontes escassas; extragdo de DNA; PCR.

“Utilizacao de DNA arquivado em guthrie card, tecidos fixados e incluidos
em parafina, bulbos capilares e células

: bucais e DNA extraido de fios de

cabelo, resquicios salivares e outras fontes escassas”
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| Remocao eficiente de Inibidores utilizando DNA em gel de agarose

Nucleic Acids Research, 1998, Vol. 26, No. 13 3309-3310

Efficient removal of PCR inhibitors using
agarose-embedded DNA preparations

David Moreira*

Laboratoire de Biologie Cellulaire BC4, URA CNRS 2227, Université Paris-Sud, Batiment 444, 91405 Orsay Cedex,

France

Received May 4, 1998; Accepted May 20, 1998

ABSTRACT

The use of agarose block ining embedded DNA
improves the PCR amplification from templates

naturally contaminated with polysaccharides or humic
acids, two powerful PCR inhibitors. Presumably, the
difference in size between the DNA macromolecules
and these contaminants allows their effective removal
from the agarose blocks by diffusion during the
washing steps, whereas genomic DNA remains
trapped within them. In addition, agarose-embedded
DNA can be directly used for PCR since low melting
point agarose does not interfere with the reaction. This
simple and inexpensive method is also convenient for
genomic DNAs extracted by other procedures, and it is
potentially useful for samples containing other kinds
of soluble inhibitors, overcoming this important
problem of current amplification techniques.

Organic and inorganic compounds that inhibit the amplification of
nucleic acids by PCR are common contaminants in DNA samples
from various origins. They can interfere with the reaction at several
levels, leading to different degrees of attenuation and even to
complete inhibition. This constitutes an important problem for

oeneral  research and  eemecialle fiwr  clinical  forencic  and

DNA macromolecules (e.g. complete prokaryotic or eukaryotic
chromosomes) for pulsed-field gel electrophoresis analysis, has been
tested in this work. Basically, whole cells are embedded in low
melting point (LMP) agarose blocks and then immersed in a bysis
buffer. By this procedure, intact genomic DNA (gDNA) can be
obtained avoiding shear damage (4). Several washing steps can be
carried out prior to other treatments (such as endonuclease
digestion). Taking advantage of the important difference of size
between DNA macromolecules and most common soluble PCR
inhibitors, I have adapted this method to the preparation of high
quality gDNA for PCR amplification. Large DNAs remain trapped
within the agarose blocks, whereas cell debris and contaminants are
free to diffuse during lysis and washing steps. In this way, the
resulting gDNA is highly purified and free of contaminants. In
addition, agarose-embedded DNA is useful for PCR, since reactions
are not affected by the presence of high quality LMP agarose
concentrations even as high as 0.3% in the PCR mixture (data not
shown).

This method was tested using gDNA naturally contaminated
with polysaccharides and humic acids, which are especially
fastidious contaminants and difficult to remove using conventional
protocols. gDNA was prepared from the bacterium Enterobacter
aerogenes, protoplasts of the brown alga Pylaiella littoralis (kindly
nrowided bv D G Tuierenx) and nnidentified hacteria_nahallv

“DNA em gel de agarose pode ser usado diretamente para PCR desde
ponto de fusao baixo da agarose nao interfira a reacao. Este
meétodo simples e barato também é conveniente para
DNAs genoémicos extraidos por outros procedimentos, e é
potencialmente util para amostras contendo outros tipos
de inibidores sollveis, para superar este importante
problema de técnicas de amplificacao de corrente.”
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Immiscible phase nucleic acid purification eliminates PCR inhibitors with a single pass of paramagnetic particles
through a hydrophobic liquid.

SUrK, Mckall S, Yeh B Jangam Sk, Hayden MA, Stroupe 51, Kelso LI

Canter for Innevatien in Gletal |lsakh Technelegies, Merthvwestern University, Cvansten, lineis G0200, USA.

Abstraet

Extraction and purification of nucleic acids from comglex biological samples for MCR are critical steps because inhibitors must be removed that can
affect reaction efficiency and the accuracy of results. This preanalytical processing generally involves capturing nucleic acids on microparticles that
are Lhen washed wilh a sedies of bulfers Lo desorb and dilule vul interlering subslances. We have develuped a novel puriication method Lhal eplaces
multiple wash steps with a single pass of paramagnetic particles (PMPs) though an immiscible hydrophobic liquid. Only two aqueous solutions are
rauired- a lysis huffer, in which nuclaie arids are captured on PMPs, and an elution huffer, in which they are released for amplification: The PMPs
contaiming tha nuclaic acids are magnetically transpartad through a channal containing liquid way that connacts the lysis chamber to tha alutian
chamber in a specially designed cartndge. Transperting PMPg through the immigcible phase yielded DMA and RNA as pure as that obtained after
extensive wash steps required by comparable purification methods. Qur immiscible-phase process has been applied to targets in whole blood,
plasma, and urine and will enable the development of faster and simpler purfication systems.
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“Os PMPsﬁtendo os acidos nucleicos sao magneticamente
transportados através de um canal que contém cera liquida, que
liga a camara de lise para a camara de eluicao em um cartucho
especialmente concebido. Transportar PMPs através da fase
imiscivel produziu DNA e RNA pura como a obtida apés os passos
de lavagem extensiva necessarios por métodos de purificacao
comparaveis. O nosso processo de fase imiscivel tem sido aplicada
a alvos em sangue total, plasma e urina, e ira permitir o
desenvolvimento de sistemas de purificacao mais rapida e mais
simples.”










