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The goal of my thesis

« Searching for novel cold-active
hydrolases with biotechnological
potential
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Biotechnological potential of

cold-active enzymes

« Advantages:

Energy savings, minimizing of undesirable products
synthesized at higher temperatures, heat inactivation

* Applications in many fields

~ molecular
detergents engineering food industry textile industry




Previous work

e Screening of amylase and cellulase activities in cold-
adapted bacteria or yeasts using agar plates

« Measuring of temperature profiles of these activities In
lysates using dinitrosalicylic acid




Temperature profiles

Amylase activities
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Genes from yeasts

» Design of gene-specific primers
» Isolation of total RNA from yeasts

» RACE methods




3‘/5° RACE overview

° 3!/5! RACE method Overview of 5'RACE

H v mMRNA 5' AAAAAA 3 cDNA synthesis
Overview of 3'RACE Coing the GS primer
GS primer
mMRNA 5! AAAAAA 3 cDNA synthesis l
G\ [ TT T T using the oligo(dT)- d -
\\ SOSERERS B egradation of the
anchor primer cDNA | —— mRNA by the RNase H
activity of reverse
transcriptase
p—————————— 5 degradation of the l
cDNA 4 VTTTT mRNA by the RNase H - e
_\ activity of reverse gll:')?&(dm tailed - .
transcriptase 3" AAAAAA m 5 tailing of the purified cDNA
with dATP by terminal
transferase
GS primer l
cDNA 3 —_— 5 amplification of the cDNA GS primer
lp—
P 3 AAAAAA 5' amplification of the tailed
anchor primer /= TTT TV cDNA using GS primer and
l oligo(dT)anchor primer
PCR 5 3 l
product 3 5
V=A,CorG PCR 5 3
product 3 5'

V=ACorG
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3’ RACE

| MA | MA

PCR [bp]
Q5 One Taq

* gene-specific primer Amyl Mrak FW and
anchor2 primer

= cDNA (from RT with
oligo(dT)anchor2 primer)/ reaction

anticipated size
1700 > 420 bp
‘hl

mixture from previous PCR 1500 [N
. different 1000 8 700
/ Hot Start polymerase a
500 500
=

« annealing temperature

4

MA - nested PCR

Isolation of the products from gel and sequencing:
700 bp - verified by sequencing




PCR [bp]

* gene-specific primer Amyl Mrak REV or
Cell Cryp REV, anchor2 primer and
oligo(dT)anchor2 primer

DNA cDNA (from RT using
gene-specific primer) / reaction mixture

from previous PCR 1500

« different o
/ One Taqg Hot Start polymerase -
 annealing temperature 500 I

Low vyields, short products, smear
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Searching for another method
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Amplification of cDNA ends based on template-switching
effect and step-out PCR

M. Matz, D. Shagin, E. Bogdanova, O. Britanova, S. Lukyanov, L. Diatchenko! and
A. Chenchik!*
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ABSTRACT A
E-'som(l §- AAGCAGTCOTATCAACCCAGAGTACGL GGG
. - . - -ong 5-GTAATACOACTCACTATAGGGC AAGCAGTGG TATCAMCGCAGAG TAC GCrGGrG
A new method for amplifying cDNA ends is described ISPCR £ AAGCAGTOOTATEANC CEAGAGT
i H i S GTAAT CTCACTATAGGGCAAGCAGTG ICAACGC!
which requires only first-strand cDNA synthesis and a MOOLIDIcHE & CIMIACOACTOACTATAGEGE - oA aTOGTAICANCGCAGAGT
single PCR to generate a correct product with very low Toorimer3

or no background. The method can be successfully
applied to total RNA as well as poly A+ RNA. The same
first-strand cDNA can be used to amplify flanking
sequences of any cDNA species presentin the sample.

The PCR-suppression effect (PS-effect; 1,2) has promoted the
development of several novel techniques for gene 1dentification
and investigation. The basic principle 15 that DNA molecules
flanked by mverted terminal repeats ~40 bp long (*suppression
sequences’) cannot be amplified with a primer corresponding to
the distal half of the repeat.

Here we propose a new convenient way of introducing
suppression sequences, which we call step-out PCR (SO-PCR).
A similar idea has recently been emploved to overcome a very
specific problem: primer-dimer amplification (3). In our view, it
has a wider area of application: it can be utilized whenever there

| TFNgR IFNaR H14-3-3
MIARBRCIABCABC|M

M 3°15°315°3'|15°3 M
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Searching for another method

« MMLYV reverse transcriptase

— able to add a few non/template nucleotides
(mostl C) to the 3'-end of a newly synthesized
cDNA strand




Searching for another me

5'-RACE 3'-RACE
RNA i ABAA RNA g ABAA
first strand cDNA synthesis first strand cDMNA, synthesis
TS-0ligo merrGrGrG T-primer 3 wemTTTT

T-primer5 TTTT

/ 5\. l

5 : BACKGROUND 5
TTTT R ————— LA ]
PCR amplification PCR amplification

5GSP mem 3-GSP b

SO-Mix {5 SO-Mix =t
=3 - = (—1 ==} =
—_—————cm o e ____—— |
= - | " N T ———]

No amplification

Product of amplification PS-effect Product of amplification

Figure 2. Schematic representation of 5'- and 3 -step-out RACE. Two separate RT-reactions were carried out for 53'-RACE and for 3 -RACE. Each contained 0.5 g
of poly A+ or 1 pg of total BNA, 50 mM Trs—HC1 pH 8.3, 75 mM KC1, 6 mM MgClp, 2 mM DTT, 1 mM each dNTP and 200 U of MMLV reverse transcriptase
(SuperScript IL, Life Technologies), in a total volume of 10 YL In addition, the 5-RACE RT reaction contained 0.5 UM of T-primer ‘5" (oligo dT stretch 30 bp long)
and 0.5 UM of temglate-switching oligo (TS-short, zee Fig. 14), and the 3" RACE reaction contained (.5 M of T-primer 3 (zee Fig. 1A). The reactions procesded
for 90 min at 42°C. Then they were diluted in water (20-fold when polyA+ RINA is used and 10-fold for total RINA), and 1 pl of these dilutions was put into 20 pl
of PCR. mixture. PCR. mixtures for 3'- and 3 "-reactions were the same except for the gene-specific primer. They contained 1= Advantage KlenTaq Polymerase Mix
with provided buffer (Clontech), 200 pM dNTPs, 0.15 pM of gene-specific primer, 0.02 pM of “heel-carrier” oligo and 0.15 pM of ‘heel-specific’ oligo (see Fig. 14).
Gene-specific primers were from commercially available amplimer sets (Clentech). In our study, we used touchdown PCE. (6). The cycling profile was (Perkin-Elmer
480 thermocycler): 5 cycles for 30 5 at 94°C; 2.5 min at 72°C; 5 cycles for 30 = at 94°C; 2.5 min at 7(°C; 25-35 cycles (depending on the transcript’s abundance)
for 30 s at 94°C; 2.5 min at 68°C. All olizonuclesctides were purified through polyacrylamide gel before use.
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PP-RACE overview

Overview of PP-RACE

MRNA 5' AAAAAA 3 cDNA synthesis
1—VTTTT—\ using the oligo(dT)-
anchor primer

___________ . degradation of the

cDNA 3 e VTTTT mRNA by the RNase H
\ activity of reverse

transcriptase

DNA 3 5 adding of 2-4x dCMP to
¢ cec the 3'end of cDNA by
MMLV rev. transcriptase
at the end of amplification

5 GGGNNNNN 3'

cce 5 ligation of dsDNA oligo

and cDNA strands

GS REV primer

5' ] l
= GGGNNNNN 3" oy , -
ccc 5 amplification of the second
strand and amplification
— ¢ by PCR
TS primer anchor primer

14



PP-RACE overview

[bp]
TS oligo EcoRlI
5' AGTCCGATAAGCAGTGGTATGCAGAATTCGTACTCGGGNNNNN 3

3 TCAGGCTATTCGTCACCATCGTCTTAAGICATGAG 5'- P

TS oligo compl. 1500

1000

500

STEP 1

 Phosphorylation of 5 end of TS oligo
complement

STEP 2

* Hybridization of TS oligo and TS oligo M — 100 bp marker

complement = dsDNA oligo 1 - TS oligo*, size = 43 nt
2 — TS oligo complement?*, size = 35 nt
3 — dsDNA oligo*
4 — dsDNA oligo after the cleavage*

*100 ng each 15



PP-RACE-results

STEP 3
« Ligation of dsDNA oligos and cDNA and
STEP 4
b : : . b
 Amplification using TS primer and GS REV =
primer — reaction mixture after PCR served as 1500
a new template for another PCR
1000 |

5 GGGNNNNN 3 ,
ccc > 500

31

1 -
GS REV i .
o mer Isolation of the product from gel and
5 e~ GGGNNNNN 3' -
P 5 seguencing:
3' . . . .
— Amylase - verified by sequencing
TS primer anchor primer
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PP-RACE-results

Design of new GS primers and sequencing — step by step

VER Amy1 Mrak REV
Amy1l Mrak REV4
Amy1 Mrak REV3
Amy1l Mrak REV2
Amy1l Mrak REV2A
Amy1l Mrak REV5
Amy1 Mrak REV6
Amy1l Mrak REV8
Amy1l Mrak REV7
Amy1l Mrak REV9
Amy1l Mrak REV10
Amy1 Mrak REV11
‘|VER Amy1 Mrak FW
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Mrakiealla aguatica

Amylase

Expasy — Translate tool — searching for ORFs

53 Frame 2

LEINLELASVUMEEGCRO ST SEQPDNRWLGME LECHMSCEVELVY LOPVQEGTGE-CELTE
CHMLEARNAOSAKLVGETRGVRASHROGY ST -ODTETDI TEDVDVI K- NNLDMTWVARN-TE
WV EL-LAlFILFS5-FIMPPTDPEGETGAF SAEKAAHPETTSVEANFTMIQFFEWYAEGS
GVHWEEFEERSKESLGEMGI TAAWLPPEPTEGSSTEGTGYDVYDLY DLGEFDQEGHNTRTHNWG
TEEELVSATKTARENGVISY IDAVLNHEAGADKTETFMATEVDSDDRENEE I SCGMYNIDGHW
TGFEFPGRGDEY SSFEWGYNHETGVDY DAKNEKTSIFEIHGDGETWAKAVDGENGNYDYL
MFADIDHDHPDVEEDINDWGVWVIKETGAEGFRFDATEHTIDRGFISQFVQHVREEVGHNDE
MECVGEEFWEDSLDALNKY TDSLGTQFSVEDTPLHYNFEEAGEGGNDYDMRETFDGTVVQT
NEIDAVT LVDNHDT QUG SLESWVNEPQFEPLAYSLILLRVDGYPCIFYGDLYGCGGRTRR
SPCESWITSSAAESGSRTESSETTGTTETASDGSEWETTSTTDAPSSSRTEGMDRRGWSS
\EERRRERETPT5SEEERhREEWERHEEPESFhTLCRCREERRRTR?E?RRETRTREhR%;/

_bn:::t::nxn_Jnt:J_J_J_J_J_J:_J_annnj_uh_:_:t_E_n:nincctJiL

QOPTEN
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Mrakiealla aguatica

Amylase

Conserved domains on [lcl|Query_42752] View Standard Results ~

b I aS t p Local query sequence

alpha-amylase (domain architecture ID 101383071)
bacterial and fungal alpha amylase catalyzes the hydrolysis of alpha-(1,4) glycosidic linkages of alycogen, starch, related polysaccharides, and some oligosaccharides.

Graphical summary |EF R A8l show extra options =

1 75 150 225 Fan 375 450 522
Query seq,
active site j i i b i Y L L
catalytic site § b k
NasCa bindina site j§ btk

Specific hits

NDI‘I—SPECifiC Alpha-ardlas:
hits
Aarw
traf_pterm

Superfanilies fmyfc_family superfamily

Alpha—amylase superfamily
o [

Search for similar domain architectures | Refine search |

List of domain hits
Name Accessiol Description Interval E-value
Hl AmyAc_bac_fung_AmyA  cd11318 Alpha amylase catalytic domain found in bacterial and fungal Alpha amylases (also called 1, ... 28-406 0e+00
[+] PRKD9441 FPREK09441 § cytoplasmic alpha-amylase; Reviewed 29-399 0e+00
[+ Alpha-amylase pfam00128 ) Alpha amylase, catalytic domain; Alpha amylase is classified as family 13 of the glycosyl ... 57-393  1.47e-18
[+ Aamy smartd0642] Alpha-amylase domain; 30-133  3.20e-18
[+ AmyA COG0366 Glycosidase [Carbohydrate transport and metabolism]; 59-409 3.74e-17
] treS_nterm TIGRO2456 \ trehalose synthase; Trehalose synthase interconverts maltose and alpha, alpha-trehalose by ... B7-263 5.88e-04

Blast search parameters
Data Source: Live blast search RID = 67VZSNUZ01N
User Options: Database: COSEARCH/cdd v3.16 Low complexity filter: no Composition Based Adjustment: yes E-value threshold: 0.01 Maximum number of hits: 500
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Original method
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CapsSelect: A highly sensitive method for 5' CAP-
dependent enrichment of full-length cDNA in PCR-
mediated analysis of mRNAs

Wolfgang M. Schmidt2 and Manfred W. Mueller'2*

WBC-GENOMICS Research GmbH, PO Box 207, A-1091 Vienna, Austria and 2Vienna Biocenter,
Institute of Microbiology and Genetics, Dr Bohr-Gasse 9, A-1030 Vienna, Austria

Received July 19, 1999; Revised and Accepted September 17, 1999

ABSTRACT

Here we present CapSelect as a novel experimental
approach for the selective enrichment of full-length
cDNAs in PCR-mediated analysis of mRNA sequences.
The method combines the 5'-CAP-dependent addition
of specifically three to four non-templated dCMP
residues to the 3’-end of full-length cDNAs by reverse
transcriptases in the presence of manganese and the
controlled ribonucleotide tailing of cDNA ends by
terminal deoxynucleotidyl transferase using rATP.
By virtue of the generated terminal sequence motif
(6°-dC; 4rA; ), fulldlength cDNAs are selectively
anchored to a double-stranded DNA adapter (with a
dT, 4 dG; 3"-overhang) by T4 DNA ligase. The technique
described is highly efficient, discriminates premature
termination products and enriches full-length cDNAs.

Generation of full-length cDNAs from an mRNA template is a
major challenge in biotechnology research. It constitutes the
ultimate prerequisite in the construction of ¢cDNA libraries,
expression profiling and as a new area in DNA chip technology.
Utilising current techniques, the 5™-ends of genes tend to be
under-represented in ¢DNA populations, especially if a

premature termination products generated in cDNA synthesis.
The CapFinder™ method (7-9) offers a solution to this central
problem and also allows the analysis of limited starting material.
The techmque relies on the termunal transferase and the
template switching activity of the reverse transcriptases. The
addition of cytosine residues to the 3'-end of full-length
cDNAs allows the reverse transcriptase to generate a specific
anchor sequence complementary to a template switching
oligotucleotide. However, it should be stressed that the micleo-
tide addition activity of reverse transcriptases pausing at the
7-methylguanosine cap structure of the mRNA template has
not been studied in detail Moreover, structural requirements of
the mRNA template and/or the cDNA terminus for template
switching activity can lead to inefficient amplification and
therefore to a biased representation within the amplified cDNA
pool. Another problem associated with this technique, back-
ground amplification produced by a single primer, was
recently shown to be overcome by step-out PCR utilising the
PCR-suppression effect (10).

Here, we present CapSelect (Fig. 1) as a novel technique for
the selective enrichment of full-length ¢DNAs. The method
was successfully applied for the specific enrichment of
complete mRNA 5'-ends in PCR-mediated sequence analysis,
cDNA library construction and direct transcription start site
mapping.
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car

Iv(A)
polylA)

Oligo{dTIV anchor

1. FIRST-STRAND cONA SYNTHESIS in presence of MnCl,
(Reverse Transcriptase, RNasoH-)

2. RIBONUCLEOTIDE TAILING with rATP
(Terminal Transterase)

» 3 ot (AJAAACCCIO)

3. SELECTIVE LIGATION of full-length cONA
(T4 DNA Ligase)

dsDNA adapter

NG
(AJAAACCCIC)

4. PCR AMPLIFICATION (gene-specific or anchor primer)
(Toq DNA Polymerase)

Adapter pramer

e

e

MRNA prianer

5.1 DIRECT SOLID-PHASE SEQUENCING
or

6.2 LIBRARY CONSTRUCTION

B B

< —

anchor primer

5’'CAP 5’'0OH
123 4 56

-
+4nt —» ~
43:1‘!-» ‘._ "-
#nt —» - -

Figure 2. CAP-specific tailing activity of reverse transcriptase in the presence
of manganese. SuperScript reverse transcriptase was tested in a primer extension
reaction containing an in vitro transcribed RNA template with either 5'-capped
(lanes 1-3) or -hydroxyl termini (lanes 4-6) using a radioactively labelled
oligonucleotide primer. The reactions were performed as described in the text
either in a standard reaction buffer (lanes 1 and 4) or supplemented with 1 mM
(lanes 2 and 5) or 2 mM MgCl, (lanes 3 and 6). Reaction products were
analysed on a denaturing 10% polyacrylamide/8 M uvrea gel and quantified
vsing a Phosphorlmager.

The CAP-dependent addition of three to five non-templated
cytosine residues can be performed also after completion of
cDNA synthesis using the standard reaction buffer in a post-
incubation in the presence of manganese (+1, 10%; +2. 5%;
+3, 57%; +4, 28%).
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Mrakiealla aguatica

Amylase

» Future plans

the sequence of the gene

. signal sequence, hydrophobic profile and
localization in cell, posttranslation modifications




Thank you for your attention!




« MMLYV reverse transcriptase — Moloney
murine leukemia virus
— able to add a few non/template nucleotides

(mostl C) to the 3°-end of a newly synthesized
cDNA strand




