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Analysis of DNA and proteins contaminated in
fermented alcohol for industrial use
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The amounts of DNA and proteins contaminated in
fermented ethanol rectified for industrial use were inves-
tigated. Ethanol samples were evaporated to dryness,
then dissolved to TE buffer or ultra-pure water. DNA
was analyzed by the UV method, the Pico Green method
and the quantitative PCR analysis. Protein was meas-
ured by the Bradford method and the Micro BCA method.
Detection limits of each method were determined. It is
confirmed that any DNA and protein were not detected in
industrial ethanol products. Distillation tests adding
ADNA and BSA were performed. There is no DNA and
protein in distillates come from the distillation tests.
Fermentation and distillation tests using GM corn were
carried out. The amount of detectable DNA was gradu-
ally decreased during the fermentation and distillation
processes. DNA would be degraded and eliminated in the
processes. There were not any DNA and proteins de-
tected in the distillate produced from GM corns.
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Abbreviation :
GM (genetically modified)
GMO (genetically modified organism)
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k5B OBAEINAET LIVF—AGMER &,
BROREWIFMEEL > TS, FBELY ) —IVicH
LTd, Z2F—V v EREKR GMO miEDRARE
Mmo, duEDIVFEREERMSSESN S EE NS
5. Ff, byEmIVPSMCH Y FERLEITONT
b GMLOWE - R BEATE LD, ERALLERO
METH?ETFHENE CHETIKGMORT LI
FoEICLT, TERARBETY ) —IVOFEHIAS
ATH BN, - RFORETRHRIIBOTHIRZ R
FHKD DNA R 7 V3 EhsnfEgEsh s, 8
MICBRET A ERERMICAD ARV EINTE .
Lirl, ThEEISILRZENREERESh TG, -
1z

AHREIE, RBLY ) —ILVFODNA & VI HBE
53Hr, ERILT B AEEWNLT S L L BIT, EBEITGM
FrEOaVERRE UTHE - RERRET L, #
ETFRICEBIT 5 DNA BLXUY VRV BOEB =R~
ZEEHME LT

¥ ) —VERREEEMT TRV, REoRiL
HELT, RV 7oL RBEELE G345
iy ) —Viklo—ERE LD, BLINARL—F —
CVE-3100 CHERIEALIMAED % H T 60°C TRER
Wi s BpR L7z, 20#%, DNA HlFIZIZ 1/10 2D TE
buffer (pH8.0) IZ, % v/ BHHHIZIZ 1/10 BOE
BiZKITH#E L7c. DNA BE 04T IdEE 260 nm T8
i+ 5 UV @ F 72i33tHE (Pico Green #, Molecular
Probe 8 %7z, ¥ v 37 BEE D457 Brad-
ford # (BIO-RAD #:#!) ¥ 7213 Micro BCA # (Pierce
8D %MW TITE » 72, Pico Green #, Bradford #
B & U Micro BCA HEZ A —H—D< =2 T IVITHE->
7z. EROEMEYHE L LT ADNA (HAY — 48D %
723y vMiE7 V7 3~ (BSA, BIO-RAD #8) %
7z. ADNA % UV & 7213 Pico Green =2 HWTH S
MUDEEFHE L TH o L. UV, Bradford i
$ £ U Micro BCA I3 EREERT UV-2400 (GiR%
VEFHEBY) %, Pico Green BT I =70V F oA —% —
TD-360 (Turner designs %) % i 7z, E& PCR ik
12 JAS MFRBR NV KT w 2115729, Tabb, &
¥} 200 mg A & DNeasy Plant Mini Kit (Qiagen #1:%¢)
ZMWT DNA 2t LT 100l ICFARL, =5/~
ERFET RS 1 ml 2RL2ICERSE, BRE% 100
vl OBEBHATEE L. Zh oS 10 ul 2 PCR KIG
AW, =4y bELT Ay EDIYOHBRIEIR
+ (CaMV P35S) & XUNIBE#E#IZT (SSIIb) O
PCR 41§ %2 1775 - 7. Primer 8 £ ¥ TagMan Probe
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I3 Fasmac #H8%, KIGHK 2XPCR Master Mix & Kt
#:1& ABI PRISM7700 {3 Applied Biosystems #1841 %
FAWT, Comparative Ct IECA—H—D <= 2 T IVIZ
o TRIG » BIEIT - 7. KEEICTEB T 5 GMO ##1E
HROBRHBRIL 0.05%, ERMAIZ0.1%THS. &
FRAR 0.1% K513 DNA B & b THED, K5 F1L
ENTWBEHIZBEF PCR RIGHE S ¢ 8l LS
H#ETH 2 &M S, CaMV P35S I & U SSIIb D
PCR HIEEMOF L EMER L LTHICEKEL L 7.

RNEBRBOY » Ficix, RExLy ) - (995
vol %4k, FIYEMSEH R A BB EHMIK T 25 vol % IFy
WLUTHW. COFRT Y ) —IVEHK 200 ml i
ADNA %7213 BSA 2%, RERABREITE -7, &H
¥ )—)4 50 ml) BXUREEAE 9150 mD) i<
DWWTDNA &7 RV BREEMT U, 38, ZHE
EEIZ, LWIFh b 500~1,000 ml HA A AR OB R
BT, 7y 37HEMTICiEA S A8%E, DNA HMFICiX
27V ABObDE[MH L. DNA SHTicid s xT
A= b V—TRBELUIAEERBEEZHOWE, X7V
Z B3 B OBEHIBDEIIE U T L5% R I 2 LT
M OITIE - 72,

GM b Emav A REE - ZBABRICIZ, b
o3 EMPelE P-14 (Fritsch #18!) 12 & 0 RL#% 500
um iICBREL, o LTy 7 U liERD TR,
709 g O¥FE N T E D O VITBBE@EMIKZEMZ, pH 5.0
ICHEE%2211ICART v 7 U1z, EEHEMB O B
D BEEE % 20% & U7z, Bacillus subtilis ¥ a-7 3
5 —¥ (FDEHZEALED 30 mg 24300 L THI 40 2R iE
LTH|ALL, &— 27 L—T7 % T 110°C T 30 437
Z U7z, 58°C & TR U2 S 8HI%, Rhizopus J&HIFk
TG HFA L AF6 (KB U4 A LB 044 g Cobh
0.1%) A&MU, 1 RRBLEITE 7. 32°CE TIHA
L, BINR10% &7 5 &5 ICEBORMETE - 7. B
13 7 )V 3 — )VEEERE Saccharomyces cerevisiae 396-9-6
V BRERL, YM K (0.3%BE R+ X, 03%FF L+
Z, 03%RYRF by, 1%7)Va—2Z, pH45) IZT1
RBELV 2 RiiE#RE BT OLIc bR, HEE
RBROKBRIIIBVr—T77—Av5— (HAABE
21, I oHAHE AL, 32°CT3 HMEREHE
(200 rpm) K53 U7c. REaEBARAT: 2 Ref % T 21 OKF#R
#2472 100 ml/min THEK L7z, REBERTH, XBEd
AAH%EEROZT U ZBEBEBEEHOTCEEL, ¥
HKERELY ) - &Lk

HB - ZYETFEICH 1T 5 DNA OFEHMFICE, &L
FROBKAE100ml 32L&, EHBIZ-20CITREFELT

{EZEEY Vol. 43, No.4, 2005

WES > TIvE L, Thoiz20T, klERKICE
B PCR M %EITIE o712, F1, Rl ZPRABRTES
NIcEBELY ) =20 TR, bRl EFEBIC DNA B
KU v BREESH LT

BHEBHMAKEH T volBICHE LIy ) —)L
IZ, ADNA (20 £g/ml) % 7213 BSA (10 ug/ml) Z#H L
2« FR ORI 2 1TR 0, AIE TR 3450
B AR D7z, BUER (n=6) ¥ 101.7£2.2% (ADNA)
BLU 97415.0% (BSA) TEIZLEMNEIN S Z 0
BoMhEN 57, DNA F2id 7 VX7 BORHIEBRIE
BIALEL T2 O T E DA R R ZE S 5% LU T &85
i n=6) &UL7. §74bb, UVHE, Bradford#, &
& Uf Micro BCA #i3 1 #g/ml T - 7z. Pico Green
1320 ng/ml Tdh -7z, (KBEFIHOESREROER
Mz, UVHE:, 03~20ug/ml OB THBERE =
0.999 ; Pico Green #%, 10~100 ng/ml, r=0.998 ; Brad-
ford #, 0.2~1.0 #g/ml, r=0.999 ; Micro BCA #, 1.0~
3.0ug/ml, r=0.991 Tdh - 7z,

THMARBELY ) — V8 (95 BEFFK, 95 BE 14K, 99
1k, UBBSETY  —LEnd) i3, @AMKERL
5= (UBHELY ) - End) 2EEFREL,
AR TRECERIhTHEEShTH S, G
) —lEbvEDaVERRELCHBEIY J —I
D DNA » 7 VX7 BR D5 %4775 - 72 (Table D).
WFNDOSHH > TIVICBOTHLREBRAUTTH -
7. BT ¥ ) —IVi3, Bl K F 7213 buffer (B
T5EAMUNREREEZEZ ShbAEEEL, KFENR
STIEREETH - 7.

25 vOl %I EE IS L 7o Rk = ¥ / — 112 0, 1,3
rg/ml ® ADNA F 72i3 BSA 240 L THRMAE R
RO, BohBE TS ) — s XURFERES
D DNA BV v BREERA~N.. RBLY /) —
D DNA BLU Y 37 BEIIVLITHOY » FIN
BOTOHRHBALITTH - 72 (Table I, IID. Ei+F
Dy URITBREBIRMSY VNV EED 925~101% T
Hot. — K, BB P ODNA I UV Tid 140 ~
1529% T& 5 D iTxt L, Pico Green # Tl 11.3~
129% ThH 7. ZOEDFREES D, K TFoE
L U BIASICHEEBMK & ADNA 2 Ah, #igSHRT
T LU T B LT~ I, 74 o— ¥ )IVESIK
Bkt K AR k9 B &, MBARKMOBHAE & HIC
DNA BESFILL Tz, i, ZOH U FIVHOD
DNA &3 Pico Green ETHRMEXL VKT L, UV iE
TREMBL VB LEIBRELEZD oL (2 TR
F—Z 3R L TWEW), Pico Green #i3 2 &84 DNA

P73




Table I. Analyses of DNA and Proteins of Ethanol Samples.

Existance of
CaMV35S and

DNA conc. (zg/ml) Protein conc.

Ethanol sample

uv Pico Green SSIIb DNA (zg/ml)
99% 1% grade ND (n=119) ND (n=4) ND (n=1) ND (n=119)
959% special grade ND (n=19) ND (n=2) e ND (n=18)
95% 1% grade ND (n=296) ND (n=6) ND (n=1) ND (n=296)
Crude corn ethanol —b —b ND (n=3) —b

ND, not detected ; n, numbers analyzed.

aNot analyzed. ®Not optically detectable for cloudy samples.

DNA was measured by the UV method (detection limit:1ug/ml), the Pico Green
method (detection limit: 20 ng/ml). Existance of CaMV35S and SSIIb DNA sequences
was analyzed by the quantitative PCR method in the JAS assay handbook. Protein was
measured by the Bradford method (detection limit: 1 zg/ml).

Table II. Residual BSA of Distilled Ethanols and Residues.

Mean (n=10) of recovery rate (%)*SD (%)

Added
BSA Bradford Micro BCA
(ug/mD) Distillate Residue Distillate Residue
0 ND ND ND ND
1 ND 92.5+30.3 ND 101.0+30.4
3 ND 94.0+17.2 ND 984+148

ND, not detected.

Recovery rate (%)=100-(Recovery conc.):(Recovery volume)/(Added conc.)-(Initial
volume)

Distillation tests (#=10) were carried out using 200 ml of 25 vol% ethanol added BSA.
After distillation the distillate and the residue were analyzed. Protein was measured by
the Bradford method and the Micro BCA method. Detection limit of the both methods: 1
ug/ml

Table III. Residual ADNA of Distilled Ethanols and Residues.

Mean (n=10) of recovery rate (%)=*SD (%)

Added
ADNA uv Pico Green
(ug/ml) Distillate Residue Distillate Residue
0 ND ND ND ND
1 ND 152.9+23.1 ND 129+15
3 ND 140.0+10.9 ND 113409

ND, not detected.

Recovery rate (%)=100-(Recovery conc.):(Recovery volume)/(Added conc.):(Initial
volume)

Distillation tests (n=10) were carried out using 200 ml of 25 vol% ethanol added

ADNA. After distillation the distillate and the residue were analyzed. DNA was
measured by the UV method (detection limit:1xg/ml) and the Pico Green method
(detection limit : 20 ng/ml).

DAERET BY, —F, UViEid 248 DNA (10D=
50 ug/ml) YUSZ, 1 484D DNA 72132 RNA (10D=
40ug/ml) BLY, 1Ko+ IV ITX71L4AF K (10D
=20pug/ml) OFEE2EERKET 2P, UV EHRER
B 2 A8 DNA offix 7z, ZBom#Eic X v iR
DNA i3 1 & #fbt B L K4 1L S /72 ¥, Pico
Green IECIREWMHEICE s 12 &EZ ohie. —F, UV
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Table IV. DNA and Protein Analyses of Samples after Fermentation and
Distillation Processes using Genetically Modified Corn.

Appearance rate  Existence of

e (%) of CaMV35S and DNA conc. Protein conc.
recombinant SSIIb DNA (ug/ml) (zg/ml)
DNA sequence sequence
Milling corn suspension 18.8 D e 5 1
Glycosylated solution <0.1 D <4 T
Fermented broth <0.1 D = e
Distillate ND ND ND ND
Residue ND ND =4 —%

D, detected; ND, not detected.

%Not analyzed.

Milled GM corns added water were glycosylated with enzymes under the heating
condition. After fermentation and distillation process, the distillate was analyzed for
DNA and protein. The sample (100 ml) in each step was analyzed by the quantitative
PCR method. The appearance rate of recombinant DNA sequence was determined by
the quantitative PCR method in the JAS assay handbook (detection limit, 0.05% ;
quantitative limit, 0.1%). The existence of CaM V35S and SSIIb DNA sequence was
showed as qualitative data by above-stated PCR method. DNA was measured by the
UV method (detection limit:1xg/ml) and the Pico Green method (detection limit: 20
ng/ml). Protein was measured by the Bradford method and the Micro BCA method
(detection limit of the both methods: 1 zg/ml). The data was showed as the average of

duplicate analyses.

DTH5. IS, DNAITDONWTHERPEANDOBITIZ
RHOLNTBNI ENHL M ER ST,

EBEICGM by ED IV EROTHE - ZAPARE
TFHOETRICBIIAGMELZFOEFH 2H 2
(Table IV). BHLEPBSICH LT, CaMV35S Bldllk L Of
SSIIb Ad%1i3 PCR TR I hicds, ERTER LM
BLAX)UVTHY, GMO LR 0.1% i & 75 - 72,
DNA DES FALDS I D A TS LIS hre, F
BHE TR D FBE S A A DB T3 & 75B IR FHEERS A
Biahd, BELY ) —LVTRBREShE, -7
1, ZELY ) —IVHFODNAB IV VN ER
1%, UV #, Pico Green %, Bradford %, ¥ & U Micro
BCAHEDOWTFHOHEIIBNTERHBRAUTTH -
72 (Table IV).

EBRIZHBE,L SITR > TLBHY VT NVITBOVTH
DNA B&LU S VX7 BREBBRICHEITLE LI &
B U7z, £/, Bfb - BEEBREICBUWT, DNA I D
SREND Z EMHERS .
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REBPT v 7 VHEFER EBERE(LT 2858 TIE, M
BEERL V- FUELBERICEENhE 7077 —E®
DNase iZCE O DD ¥ /37 B DNA B fRESh
5 LRI N,

VUbo#ERX, REELY ) —VOBBETRRIZETS
DNA B &KUY V3V BOXEBHHEAL, B - A D
BETRICB O TERHERD DNA 27 237 G o
BEshsdicw, BERBRFELLZOI ENPDTRE
hi.
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