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DNA extraction and sequencing using PCR from formalin-fixed samples
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ABSTRACT

Formalin is a main fixative in the field of pathology. Molecular biological analysis of formalin-fixed samples was
difficult because formalin fixation decreased the quality of isolated DNA. Therefore, we compared the quality of DNA
obtained by using DNA extraction kit (Sepa Gene®) to that using proteinase K. Using proteinase K, it was possible to
extract high quality DNA, and obtain DNA from samples of 3 months fixative. Moreover, by proteinase K method, it
was also possible to analyze aprataxin gene exon 5 in DNA extraction from formalin-fixed human brain tissues from a
suspected case of early-onset ataxia with ocular motor apraxia and hypoalbuminemia (EAOH). The aprataxin gene
exon 5 DNA sequences wer e obtained following in vitro gene amplification using nested-PCR. Mutation on aprataxin
gene exon5 was not observed in the suspected case of EAOH; however, it was possible to perform sequence analysis of
aprataxin gene exon5. This method was more useful for DNA extraction and direct sequencing of formalin-fixation
samplesthan the kit method.
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200mg D8kt % Proteinase K @i FEAs 0.5ug/ul @
TNES 8M Ureabuffer (10mM TrissHCL; 100mM EDTA;
1% SDS; 8M Urea buffer) 200ul <37 CIZT, 24 Kt
ML L7z 2otk Proteinase K ZHciikiEss 1.0ug/ul &
b XML E 51237 TCTT, T2HMWILL, &%
Bt (500rpm, 54r, =ik) L7z, LEWIEHEIC
Proteinase K ®igf7% 1.0ug/ul @ TNES 8M Urea buffer
TI7TCITT, 72 ML AL L, JellHhi L7z kig &
BICUTOFIETERZIINB L 72, izt L7z b
B XU T2 AL S 7z ik 12 phenol -chloroform-



RV EEMEED SO DNA Hlie: &8s 1T 41

RV VEIEERDOFV) &3ET, ML, 70%, 80%,

l

90%, 100%T%./—)V& TRV ERDIBRIET S

I.5/)—)V%E¥T, TNEA 8M Urea buffer #12% (i)

l

Proteinase K i1 (%

HIPEDT 0.5 g/ pl £ 725 L)

l Incubation (37°C, 24h)

&5\ Proteinase K 71 (RAGIEEDT1 g/ pl LB IR

llncubation (37C, 72h)

lﬁ—n (5,000rpm, Smin, i)

w—
PCILEE % 3 [Hl47 9

!

CIA JLER % 3 [E]47 9

I DRl

Proteinase K i#%&ii= A% 1 pg/ ul © TNEA 8M
Urea buffer T 21k (37°C, 72h)

l

PCI ALFE % 3 [04T 5

l

CIA JLFE % 3 [Al4T 9

[

ENENOKERR LT 2 —T128ED, =5 — )Vt L ) DNA 20X L, 500 O TE I THEBET 5

Fig.1 Protocol of proteinase K method

isoamylalcohol (LLF, PCl) %Zi#shn L2 T 3L
R¥ L72#%, w048k (10,000rpm, 10400, =il L
7e. ZoLkg OKE) %25, FMICPCI TR, 35
PCl ¢ L 7214 » _EJ& 2 chloroform-isoamylal cohol
(LUF, CIA) ZiNA ST 1R DL EIRE U050 B
(10,000rpm, 1077, =i 5. CIA QLB D 3 TV,
ZO L% ROTFNIHN . SO T i 2B L7z
bok, EWELILLZ2L0FREGTS. BALZDO
12, 1/10#9 3MNaCl & 258550 100% % / — L%
MzC, —20CT24AMH#EHE L, #0sHE (12,000rpm,
20471, &) 2179 (% 7 —Vikhk). WAREREEL,
0%xs 7 —NEz, WG LIk, w@ori
(12,000rpm, 2045rfH, =ii) %17V, REZHIEL, N
Ly Mot s,

MO F P L 03k L7z DNA i3&heh, 50ul o TE
Ny 77— (10 mM Tris-HCI, 1ImM EDTA, pH 8.0)
T L, DNA R L 5 260nm & 280nm OUSLEE D
I (opticdensity, LIT, OD M) #3kw7:. DNA i
X U°OD ol idotERt (Gene Quant T, 7 7 L~

STNAF Ty 7)) BHWT, 10f5EICHR L7 DNA %
2 [AHIE L7z, DNA 25 1E 260nm OB 2 260nm @
WOtEAY 1 DD DNA JRIETH S 50 THRL, ZFOFIHE
EHRETH L 10 TRLZH O ENFhoiifio DNA
WL L7z, OD lidfs bl F34fEE L7,

32 EAOHRWESIFRILY CETEREED S D
DNA #iHH & nested PCR 3%

Fig.2 o5, DNA fhliiE): 2. Proteinase K %
I L72ESANTH DT & MR L7 R HER).
X oT, Kik2. Proteinase K Zflif L7z ikx Hwg,
EAOH BEWEFI AV~ 1) » EEbiilfk L D DNA %z i
L, 1EBEH®PCR (LLI'F, first PCR) & first PCR®
PCR W% 8% DNA & LC, 2K HE® PCR (LLF,
nested PCR) %17\, A TERPWME I TV
aprataxin &z -T2 v > 5 OWiE% 1T 7z. first PCR 2
2% primer (X Moreira 5 2 255 LT 5 primer % Hl
W, nested PCR IZH % primer 12 DNASIS Pro Ver.2.0
(HITACHI) #HWTHi7zIZ#&GH L7z (Tablel). Kb
#1X DNA ; 500ng, dNTP Mixture (TAKARA) ;
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Fig.2 Concentration of DNA extracted by using DNA extraction
kit and proteinase K method
The concentration of DNA extracted by using proteinase K
was higher. The DNA concentration decreased as fixative
time became longer.

Tablel Primer setsof aprataxin exon5

first PCR
forward primer 5'-gtctgtttccttctcttgt-3'
reverse prime 5'-ggagccagcagcactacc-3'

nested PCR
forward primer 5'-agcactacccacctggctta-3'
reverse prime 5'-cgttaccattggctggtctt-3'

8ul, 10 x Ex Tag Buffer™ (Mg?* 20mM & 4 )
(TAKARA) ; 10ul, forward primer ; #iii 0.5uM,
reverse primer ; & 0.5uM  (Tablel), TAKRA Ex
Tag™ (TAKARA) ; 0.5ul %, #slik<aat 100U &
L, PCR Xt first PCR, nested PCR & 1294TCT1
SMERL72t%, 94CT1l4r, 60CTL14, 72TCT14 30
HBORIGHA 2 V% 30 B TWIREIC 72 T T T 53R &4,
4TCTRAFL-.

33 BRAH

PCR#&D SH 5ul B LU, ¥4 XA~v—A—L LT
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WZhF A4 V3 A —%— (DUAL-INTENSITY TRAN-
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n7-DNA Wifr 2 Ny R e LCHER L 7=

3 - 4 EEECHIEN

RS OPEINND V=2 TV AT T4 <7 —1d nest-
ed PCR o forward primer % Hv 7z, BUSERIZ S —27 =
YATIA4=—; 3.2pmol, 7 7L — I DNA ; 500ng,
TL3IvZA (ABl) ; Tul @ik T 20ul [ L7z b
DEHWIZ, ¥—7 LY ZEE 96 T T 1m#k L72£%,

9% CT10%, 50CT5#, 60 CTA45DKILE 2541
M1, ACTTRAF L7, EOBIY ) —VikIZ X D15
by — 7 v ARG #H DK% Template Suppression
Reagent (ABI) ; 25ul T#fEL, 95CT 24 mEk L7z
EflZonice TR I/ 0%, ABI PRISM™ 310
GeneticAnalyzer (ABIl) % v CT#bT L 72,

4 # R

FIVTUEEZ v TS D S O DNA #HH
(Fig.2)

Jii 1 OfE 513, DNA Oiftiess, 1h T3 244ng/ul, 1d
Tl 184ng/ul, 1w Tix 73ng/ul TH Y, 1+ HBEL LR
E L72H 0l Ing/ul DUTTd O MEbEs ol RS 2 T i
> TWw7z, OD i1 h2v1.93, 1d4%1.97, 1w %31.94
ThY, 17 HPYEEZESN/zb D13 0D HAs2.00 22
Twe.

—J4, )i 2 OFE53E, DNA iEESS, 1h Tla516ng/ul,
1d Tl 417ng/ud, 1w Tid 414ng/pl, 1m Tl 290ng/ul,
3m T3 269ng/ul TH Y, 3 ABIOREETH DNA O
WA RETH -7 £/, OD lkix1h4$1.84, 1d#1.87,
1w %3189, 1m731.88, 3m»31.87 Th-7-.

4.1

4 -2 EAOH gEWHLwl VERE ME#ER DNA
® nested PCR

S S 472 DNA Ozl EAOH BV, NC & %12
ng/ul THY, OD HiEZN21 168 & 1.67 Th-7-
$ 72, FBIME AT 272012078 1 To DNA $ilith b 47
o7z ZORER, Hi S 7z DNA X EAOH Vi
B, NC 2 b2 Ing/pl BUFTh Y, HEEoMEmRR % Fli
5Tz ODHIZ200 % ATHY, 17 A EFL=

400bp—

200bp—

M 1 2 3 4 5 6 7 8

Fig.3 Agarose gd eectrophoresis of first and nested PCR prod-
ucts
Amplification products were electraphoresed on 1.5%
agarose gel, stained with ethidium bromide and pho-
tographed with UN light. Lane M was a 100bp size marker.
Lanes 1 to 4 were amplification products of aprataxin
exonb by first PCR and lanes 5 to 8 were amplification
products of aprataxin exon5 by nested PCR. The DNA
from norma human peripheral leukocytes was used as the
positive control (lanes 1 and 5). Lanes 2 and 6 were ampli-
fied under the same PCR conditions, except distilled water
was used instead of genome DNA (negative control). Lanes
3 and 7 were amplification products of aprataxin exon5
from the suspected EAOH sample. Lanes 4 and 8 were
amplification products of aprataxin exon5 from Normal
Control (NC).
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U UEE LT Y MR & MO R 2R L7z, BAIK
B X5, HRYEMZOWIEOKR, first PCRTIZ10%7
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ML ORI A Sk d > 72, nested PCR Tld, 189bp
I B SR OgiRA R 2 7z (Fig.3).

4-3 Y—9I> 2 (Fig4)

BR TN OFE L EAOH SEWERIB L U'NC & 12,
JENFTREC b o 72, ABFZEx %> EAOH BEVEERIIC 513
%, aprataxin#fn -T2V ¥ 5121d, @\EITARI TG S
NTWB L7 HEHDOCOT ~DpZR (LIF, 617C—T),
689 FHD T o L3EIAFA (LUF, 689insT) DZEH 1%
ARoNehotz, iz, 7V EEKIIBWT, BRI
AN o7z,

5 % 2

AWfZe T3S, A=) VREET Y MNEEEE Y, &
B, WEREO DNA 2 Hibs 5 ket L7z, 3, H

T CTTACCGTG
70

617C in aprataxin exon 5 of EAOH
suspected sample

T CTTNC\C GTG

70

617C 1n aprataxin exon 5 of NC

Fig. 4 Resultsof sequence of aprataxin exon5

AN =) YEE L7727 v MRk 5o DNA filith T,
proteinase K, PCl 3 XUNCIA % Hiv:7z DNA #hi 5T
H2HIE20HH, fii%h DNA it F v b E W hE L
E0db, XVEIREDDNA 2352 L5 TEL. 2
DK E LT, flis DNAfliF v F & w72 5T,
PV VREEICK DY O BRDTD, FAYVERTT
=Yk %, DNA 2585 v MFHRES » 737 2155012
WIS LR TELDH72T EAEZ BNA. proteinase
K OWALSIGHE &, DNA ORIUE % [k L 728 Tld,
proteinase K OLISIEH 2SR Z L, DNA O
DVEPo 22 e I TWAL Y, /2, Kim? i3k~
V) > IEERIRRI 0 LSS Sk DAk L, DR Lo
LT ERN <) v EEMRED SO DNA HiliAsH= 22 -
ellEHELTVWS. 2%, K= CEEMBEDS
® DNA filith 2 % 2 72556, oMz T, Fv~
VASKDEW LY o3 B LRI R S v,
%:2°Tl3, proteinase K OHALBUGIKE ] 2 A5 96 R[] &
MR e L, B, mOiEE S 7zt L

CTGTGG GGGA
40 1

689G in aprataxin exon 5 of EAOH
suspected sample

N\

CTGTG GGG G A
140

689G in aprataxin exon 5 of NC

Electropherograms of the case with suspected EAOH (top panel) and control (lower panel) sequences. Arrows point to 617C and

689T. The reported mutations9) were not identified.
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