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¥ E  masD Fl bamA J& ¥ A1 KR DR ik 1) SCHERE IR, A 92 I 9O E B PCR BARKG I masD Hl
bamA K& HAT T {8 P BN 2 B AR SR A0 5 B H BB DR AF AR I RCRAR, Ok REUEEZE MR L A
SCHR 5 1 W0t s, A Allele ID6 B FFEHT it 1473 masD il bamA )92 # 6 5E # PCR 5149,
He BORE DNA HEAT 8 1 10 7% 466 B2 7 B S #1292l i B PCR AR MEITZR. AL A & (20 uL)
FastStart Essential DNA Green Master 10.0 uL, U545 0.4 uL, RNase-Free Water 4.2 L, 5.0 uL DNA
Bt . A B BB S 95 masD F1 bamA F& A #Y fe i 1B JOHE 73051 61 °C #1157 C AR ARSI 7
BV RCRIRE R 2 97.5% M1 71.2%, HOSCHIGE 97552809 T 7.6%—44.5%, HAT B 1O EE 4 AR A
B ARSI B 51 X Bt 5 3 XA i TS e B3R TP Y masD F bamA FE P #EAT s BEAS N AE SRR, A1
15 Gl A 39 v 3 i A S T A R DR SRR A 0 D B BT, P 1) -3 v bamA gk R DR 5 DL =
T masD FESEEEA.
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Real-time quantitative PCR for determination of petroleum
hydrocarbon anaerobic degradation key genes masD and bamA

YI Ning WU Manli ™ DUAN Xuhong LIU Zeliang ZHANG Yu ZHANG Xuhong

(Shaanxi Key Laboratory of Environmental Engineering, Key Laboratory of Northwest Water Resource, Environment and
Ecology, School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an, 710055,
China)

Abstract The masD and bamA are key genes controlling the anaerobic degradation of petroleum
hydrocarbons. Real-time quantitative PCR (qPCR) is the common gene detection method which has
the advantages of simple, fast and easy operation. In this study, according to the primer design
principle, the qPCR primers for amplifying masD and bamA were designed using Allele ID6
software. The obtained primers have uniform base distribution, appropriate amplification length,
minor difference of T, values between forward and reverse primers, as well as single peak in the

fusion curve of amplification products, indicating that the primers had good specificity. The plasmid
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DNA was diluted 8 times with 10 fold gradient to construct the qPCR standard curve. 20 pL of
optimized system included 10.0 pL of Faststart essential DNA green master, 4.2 pL. RNase-Free
Water, 5.0 uL DNA template, 0.4 pL of upstream and downstream primers, respectively. The
optimum annealing temperatures for amplification of masD and bamA genes were 61 C and 57 °C,
respectively. Compared with the literatures, the amplification efficiency of this optimized method
enhanced by 7.6% —44.5%, indicating the method has higher repeatability and sensitivity. This
optimized method can be used to quantitatively detect the masD and bamA genes in the petroleum-
contaminated soils collected from five regions in northern of Shaanxi province of China. The results
indicated that the anaerobic degradation genes of masD and bamA were ubiquitous in the petroleum-
contaminated soils, and the gene copy numbers of hamA was much higher than that of masD in the
oil-polluted soils.

Keywords real-time quantitative polymerase chain reaction, anaerobic degradation gene, primer

design, gene masD, gene bamA, amplification efficiency, oil-contaminated soil.

AR B . JF ke DL R b fe AR IR 2 o (75 R R 55 ) 20 BLIM B2 2R 5 ™. FE AT R
iz By AAE DA Rl e AR b A ATk i 14 A7 T Tt T R D v s M A T R, X A AR A B i A R s
M2 =49, 398 v 255 9 R S Tl 2B 3 el 7 A A ik e LA R e P e DA A Tl R L o — AR
At KL, X5 T A0S Yo IR EE A48 52 % ¥ 45 T B . A T o A ) e Rk DR 48 S A 1 7™ A T
A B R R AR R %) T 2 i A1), 3 e X ik e T B L R R A T, BT T oA is e s v A
THE B A TR ) A= ) 26, DT 2 Tk s 1 e R () A 0 1B 2 1 0,

TERFAESRME S B B IRTE NI 2 B 20k A& W D B AE W A SR, ZEAER)Z 1A hiTs
et agerh, DRAREHE AR A WA b i = 2807 U8 L JEDREUR T, el B A 42 vh 3R FA TR 5 1
B (masD) A0 B & 5 RN BRI 7 40 355 300 1R e R A U A 1) A S o e o e 19 O S 20 BRUOL T 2 4005
FEAL G CIN IR 28 | R Ey . W45 76 1 55 M Ak AN 240 28 2 Ay, 7 S AE W1V T A i r 1] 4404 P 1t el
i A, Horf 6- 7S SEFR- 105 1-B L CoA TR EE K] (bamA ) FF 30 52 A4 HYEA G A DR 4 R At A2
A SRR A R U, TR Ik, ARSI T A IR SR KR A D RE L K masD 1 bamA JE M 5% 35 A 11 45 DR S 9 it ol R A7
500 . P A iR IR A8 A 0 I A vk 5 B K

SEHF 9 E 1 I A i 2 V7 (Real-time Quantitative PCR, qPCR) 2 H Al A1 FH A8 JE DR 5 H G 4
ARUFE PCR AR & HP I ADECHRET ) BLa GG, B G 538 7 P AW AR 2R, AH L I 265 5 AN Wy
B, 8k WIS CAF S m B AR, A5 A ARt 2t nT LhE s A AR FIAE b B A SR R DUBCS T A
FI 2B 5 5 B PCR B ARG I By g 58 R ), i H45 38 1947 3G 5 | 40 At o 1R i B 2 DR IE ) v T
JEE T R 1) OB

RAGNUS FENT T BE R 5 4 IR o i AL R masD Fl bamA 1S 986 58 1 PCR Kl 773, J7
AT RS B T PR R R %) 2 S A (E L 0R AR, AU 53.0% F1 63.6%. Aitken 51 S 58
] 5% 11 T ot e 0 S AR AL, B 57 T 9T B SR AR A Wl 5L R (assA) 1Y S5 B8O B PCR ARSI 5 1.
Martijn UV N T 6- 7S A - 106 -1-Fk I CoA IK M i IE Bl (bamA) I SEI 56 6 22 7 PCR A J7 2%,
X7 A AR SRR A )

AR SCE BTG K b Al AR KO BE YT R BRI, DR AR T Ja R IR AR I A O i R TR
masD Fl bamA (%) 7€ & A J7 3% . IR F 7 10 J7 i 0 e s 3% X 380 19 masD F1 bamA FEH #E47
T R AT VT T G 3 o R AR P DA R T A B N R .

1 SZEGHE I (Experimental section)

11 SEE A5
1Q5 52 B 9% i it PCR X (3 [E Bio-Rad /A F] ) 5 ND-2000 13 f& 43 ) 5% B i1 (35 [&] Thermo Fisher
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Scientific) ; Mastercycler ep 4 & PCR( 7 [E Eppendorf) ; DYY-6D Hi 3k % (db 5 7S — X %% ] ) ; GeiDoc
XRABEI AR A (2 [ Bio-Rad 23 Rl ); HR/T16MM /N 5.0 L G A 6 PO X A2 76 A7 FRZA 7]
I 2H DNA $2 B & (AR A AR (AL 50 AR A R, i ED) 5 45X 50k DNA /i i #2138
A (A A AR (i) IR A BR A 7], iP5 412X DNA B [RDfScialsn) & (A TAE 9 TR (i) e dy
AR, HED; T 24k PCR =yl 8200 & (F TAEY TR () M A R AL, fhE); 2xTaq
PCR Master mix( KT201) ( K AR A= L Bl £ (db 50 ) A R~ 7], o [ ) ; FastStart Essential DNA Green
Master(Roche, #ii 1) ; DHSo 832 A4 (A8 T AW T2 (1) B A PR |, .
1.2 SCHRRIE Y PCR 514
i 3k A ) SCHR, ARAS T C1-F B e B8 ) 3R H R 5 T 5L Y] (masD) F1 61 75 28 P - 105 - 1- i Kk
CoA 7Kl K (bamd) W5 5. 5190850 973G 7= KN L 1B R EE DL 1.

R 1 SCHRIARIE ) masD H bamA FERELH S|

Table 1 Primers of masD and bamA degradation genes reported in literature

319 ElEZ2) PR bp BRI/ C ZE 3k
Primers Sequence(5°-3”) Amplicon size Annealing temperature Reference
masD-f KGAYTTTGAGSASCTTTTCS

389 50 [20]
masD-r TCGTCCACRTRTCGTCGTC
bamA-f GCAGTACAAYTCCTACACSACYGABATGGT

354 58 [19]
bamA-r CCRTGCTTSGGRCCVGCCTGVCCGAA

1.3 3 DNA f 2R PHASE AR 1 il 5

i B8 - HERE PN 20 DNA $2 U0 & 3 DR Fp 4 R A Bt PB4 X ) 1= 58 vh S DNA, FIIH
2 1 1) masD 1 bamA 51919 142 B DNA, PCR #"# & & (25 uL) 4: 2xTaq PCR Mastermix 12.5 pL,
10.0 pmol-L™' () | F #5414 0.5 uL, DNA #4% 3.0 uL, ddH,0 8.5 pL. FHEFEF 4. 94 C FiZAE 4 5 min,
94 °C A5 30 s, 3B SR IE b 1A Y 50 °C A1 58 °C, [ 4 30 s, 72 °C ZEAH 30 s, B AE 35 MG
72 °C ZEAH 10 min. R 1.5% 35N WHEE B A UK R 04 348 7=y 1 e S R P e T3] 6 [l oo S
LA, 5 T 8 R E B v T DHSo B2 SN, 25 W5 1 BE O 8 i Pk (1 (6 1 9%, BT 20 mL LB 1%
FREEPEI(10 g MR 10 g NaCl Ml 5 g BERER AN AGEB 2K B, 452 1 1), 30 C #5357 12—16 h,
D3RS Y T W R, i M3 38 5 19 (M13F: GTAAAACGACGGCCAGT; M13R: CAGGAAACAG
CTATGACC) #E47 PCR 434, FIF 1.5% S5t H 158 e vl vk 468 o LR 15 O B e . e R B PR e P )
A ORI f AR T A TR (i) e A BN R HEA T e, AR A5 RS M 5237 1) DNA 7815 LA O
PB4 T SER 5 2 B PCR 51991
1.4 masD Hl bamA 5|4 H1xit

FIJH Allele ID6 FRAFHR 45 52 1 % 't 5 8 PCR 5 Wit 5, B4 masD F1 bamd FEH 514,
BABE I AL 45 5734 7 WK BETE 80—150 bp, J KA LT 300 bp; b, FilE5 9 T, (A 228/, A
M 2 C; B RBIR A, b I EE N 18—24 bp; 51 GHC &R AE 45%—55% Z [H); 51
Wy A B B 1 S IR BE ML A A . A DA b R 3 T SR 9 B PCR 51 ¥ masD-f2/masD-r2 Fl bamA-
2/bamA-r2, W35 2.

£ 2 ARCEIIIY HE masD T bamA W fR3EH 5862 it PCR 514

Table 2 Self-designed fluorescent quantitative PCR primers for masD and bamA degradation genes

519 1Y) IR/ bp B AGREE/C
Primers Sequence (5°-3°) Amplicon size Annealing temperature
masD-f2 GCTGAAGAAAGGCTGCGTTA

98 61
masD-12 TGATACTTACGGGCAGACCA
bamA-2 TGATATGGTGAAGGCGGTGA

195 57
bamA-r2 GCCGAAACCATGTCGTTGAA
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1.5 SERFZEERE B PCR v &Rt ik

S 989G E 5 PCR(20 ul) S Wi A& & . 10.0 uL A9 FastStart Essential DNA Green Master, [~ T i#5]
)45 0.4 uL, 4.2 uL RNase-Free Water, 5.0 uL DNA #&% #¢, [A] B 1% & — 2H 2 il RNase-Free Water ) [ 4
X .

R TR AE B3 5 R BE AR JORBE, A ) A MR R A 0.2, 0.4, 0.8 pL 1 ST 5 E it
PCR 519, fifi fk 28 N 5191 M 435104 0.1, 0.2, 0.4 pmol-L. 51 4 (431 k3 B 4 BB E o 52, 57,
61 °C. S HE R B PCR B WV R T : 95 °C WAL 10 min, 95 °C 281 10 s, B KR BELRFE 155, 72 C
FEAH 10 s, 1% 40 NMEIR. ISR IR FEF: LL 0.5 C-s' i 55 C F+ 2 95 C, BN FRF: S s.

1.6 trifEf Ly gy

AR 43 66 FE T 52 Bk DNA Y BE (ng-pl ™), AR 8E T 288K copy-ul . K B8 04 B 4
REHEAT 8 YR 10 A56 M B2, B 18 puL A BN A 2 pL FORIHG B, AT 22 8 YR I Bk BEH BE . AT
5% HH masD B 10%—10* copy-uL ™" JFi ki DNA 3t 5 486 B8 g5 17 45 v il £ (19 2 i 5 bamdA & B 10—
10° copy-puL ™" Fiki DNA 3£ 6 /N 8f B E bR th Ze g2z il 23X B L 90 46 51 20 ok b ) 55 R 468 X6 5
DU (CN):

CN = [(X/(2773 + b) x 650)] x 107° x 6.02 x 10* D

Horp, Xk B BORE M6 RS (ng-ul ™) 5 T 3R K Ry 2773 bp; b 4 masD F1 bamdA F B, 43 5K 389 bp Fll
354 bp; X Bl HL A -1 4 1 S 650 Da; Bl I {558 H 408 6.02x10% mol .

FI G R BIEL(C,) 5 8 iR AR 15 U1 B0 X BUFE A s EL B 2t O 2R Sy A v i 4122, 1 Ry 3R
" masD F1 bamA [ 55 R e AP

2 R 515H6 (Results and discussion)

2.1 ISR E 7 PCR 514 KR R

HLAE Bk DNA ¥ 4558, I Allele ID6 #04F B 47153t T SR 9250 5E £ PCR 519 I ILAGIR KO
BE, WP i PCR S IF 5 9347 KN | 3R G B L3 2.
2.2 masD Fl bamA K& f5 3 R B9 R S5k 1

FIH SCHR B 1) masD F1 bamA W& ff 5 R 519 (% 1) XF 138 5 DNA 17934, 9758 7= 97 5k
389 bp(masD) M 354 bp(bamA), F=4) i BEE K (B 1A, B). ML 28k & PCR BR3P R i
300 bp, A< SCHRHE AL DNA B 7 25 R F i 1 T6 B masD F1 bamA K& ff5E R )58 %2 i PCR 514
(£ 2), Xt masD F1 bamA WA@Y 3G, a5 79 K/ K 98 bp(masD) 1 195 bp(bamA) (] 1C. D), H.
HUE — 587, UL = e Stk A, BRI AR SCBE T 09 5 1 AR 5 B4 18 SR 4545 SOk AH e, BEGE &
HTF masD F1 bamA [ f# K PR Y 52 4G

TEASTR] 51 Wy e BE R W A7 IR A L DX masD F bamA HEATY 14, A5 520 98 % 2 it PCR a2k
W 2 iR, GAAB TR Ry 9 St B 0 S8 S5 | 2k BE 435120 0.1, 0.2, 0.4 pmol-L™" i, 3 2K
fife 2R 2 oK B 2R 0, U B 51 SR A AP AR C A RSB B/ NR C, (bR T 25 45 5 48
Bdse /N A X 51 W e B AT e B G O HU AR C (BRI E R C, Ar o R 22 (8, 2451 MRk N
0.2 pmol-L™" i, C, A I V- e /N H. C, (B bR i 22 25 B 18 B0/ (3R 3) . S &0 28 5 | ) S 3 Vi B Ny
0.2 pmol-L™".

1Y AE W BE R 2 R 0.2 pmol- L B, 7 i IR A8 S B B i I [ masD 1 bamA TEAS AR KRBT
() S A 2 i PCRB R TN & 3 iz, 24iR SR EE 23 512 52, 57, 61 °C B, masD Fl bamA Vi fiff &
DAL ) s i o 2 A HH B AR S e 38 2% 0, 5190 0 R AR v 0 AR S P S IR B e R R o U R M PRI
Pt AR AEAR ], 38 2o LB C (A XE A C, bR AR 22 1, 4 masD JEPRIR KR 61 °C . bamA FEH
B AGREER 57 °C B, CAER - EIE TN B CAEARER 2225 B uR /. L gk, e ik R
B ) Uk B N 0.2 umol-L!, 519 masD-fimasD-r Fl bamA-f/bamA-r & K I FE 43 5 K 61 °C F1 57 °C
(#£4).
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B 1 FAAFEGIXT masD(A) F bamA(B) Bk Hk P HEAT47 55 0 7 9 BBl v vk ]
(A F1 B WA SCHRARIE 151905 masD F1 bamA ¥ HE455; C F1 D WRIHASCEITIB Y06 masD FI bamA ¥ 36455 memarker; 1.
2.3 4 AR EATINE SR CK O BN )
Fig.1 The agarose electrophoresis of the amplification products of masD(A)and bamA(B)degradation gene
(A and B: the amplification results of masD and bamA using primers reported in the literature; C and D: the amplification results of masD and
bamA using primers with self-designed primers; m: marker; 1, 2, 3 and 4 are the parallel determination results of amplification products; CK is

negative control)

250 - A 250 B
"""" 0.1 pmol-L7! s 01 pmol-L7!
200 F eeee- 0.2 umol-L™! 200F e 0.2 pmol-L™!
—— 0.4 umol-L71 §} —— 0.4 pymol-L™!
_E 150 E 150
5 =)
g 100 g 100 -
7 7
50 50
0 F 0F
AR RS RS SR ST PR R RS RS R
50 60 70 80 90 100 50 60 70 80 90 100
Temperature/C Temperature/C

2 DYk R E Y masD(A) 1 bamA(B) [ i 55 R s ith 2%

Fig.2 Melting curves of masD(A)and bamA(B)degradation genes with different primer concentrations

®3 SlUwELIEEE

Table 3 Primer concentration optimization data

5| WU BE /(umol-L ™) _ masD _ _ bamA _
Final primer concentration CAFMH ChrifElm2: CAFYE ChrifEf 2
C,Mean C,SD C,Mean C,SD
0.1 18.47 0.104 28.95 0.799
0.2 13.79 0.069 23.09 0.044

0.4 14.93 0.357 24.45 0.103
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250 A 10 B
160 |
200 140
120 +
By - By
3 150 3 100
3 = wf
& 100 =%
7 T b
so b 40 -
20
ok of
P R T S S 0 A TR T S R
50 60 70 80 90 100 50 60 70 80 90 100
Temperature/'C Temperature/ C

B3 AENB KR T masD(A) F1 bamA(B) WA 3L PR 1 425 ik ith 2%

Fig.3 Melting curves of degraded genes masD(A)and bamA(B)under different annealing temperature conditions

&4 B KRR

Table 4 Annealing temperature optimization data

N N A
SR - e — — bam S
Annealing temperature CoF39E CHAriEdm 2 CoF¥ME CAREM 22
C, Mean C,SD C, Mean C,SD
52 18.95 0.079 27.98 0.619
57 19.42 0.133 25.11 0.105
61 18.91 0.036 26.10 0.153

2.3 brdfEfh gy

WK 4 Fi7s , masD i 35 DI A v i 28 2 €=-3.3831g(C+39.022, #H 3¢ & % R>=1.000, §' H &% %K
E=97.5%; bamA [ fif 5t K () bR i il 26 2 C=-4.2831gC+50.520, # ¢ R %L R=0.993, ¥ 4 % % E=71.2%.
SCHRHAE I E masD 1 bamA J5 ¥ B9 8035390 R 53.0% F163.6%", 1% 07 1 5 SCHR a8 J7 A
Lo, 3875 T 7.6%—44.5%. A SGE B 1 5 1Y) U Aed™ 88 450, (Y I RcR W i, f2m 1Ok
1) R SR FNAE A

30

60 A C=3.3831gC+39.022 - B C=4.2831gC+50.520
24 E=97.5% E=712%
2 25 2
~ 2t R*=1.000 ~ R*=0.993
< o)
T 20 S 20
[} &)
& 18t Y
= )
= = 15F
2 ) 2
& 4l E ok
= g 10
12 F
L 5k
10 1 " 1 1 1 1 " ] L 1 1 1 1 L 1 " 1
4 5 6 7 8 9 5 6 7 8 9 10 11
Log starting quantity, copy number Log starting quantity, copy number

B 4 masD(A) Fl bamA(B) A 36 R B FR e i 28
Fig.4 Standard curves of masD(A)and bamA(B)degradation genes

24 EEMRE

s s R, KR SE N masD F1 bamA 7] — W FERRBE T AT 3 MM &L T E A, AN R
B bamA FEffHE P 10" Vi BEBR BE SN S /N T 1%R 5), BB FH BT Bt 9 5 |9 % Pl 5 PR A7 2 251
FE i PCR RN, T 325 0 5 42 P e, o] R R AS TR ot ) G T 225 S A ] P A s 29,
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A 1000 - p
600 |-

5 5

2 500} 2 800 |

g =

L o

E 400 |- E 600 F

5] (*]

g 300f 3

8 g 400 F

£ 200F E

3 2

% 100 f- % 200

= a =]

& b N 5

_100 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 ]
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
Cycle Cycle
5 [EMAFER masD(A) Il bamA(B) FI4 1 il 2&

(TE: a A9ICEIE, b A BIPEXT IR ; masD FERBATE FEREE A 10°-10° cop-uL™"; bamA FEFRBHHE FERREE A 10'°-10° copy-uL™)
Fig.5 Amplification curves of degradation genes masD(A)and bamA(B)
(Note: a: the fluorescence threshold; b: the negative control; the concentration gradient of masD gene template were 10*~10* cop-pL™"; the

concentration gradient of bamA gene template were 10'°—10° cop-uL™)

RS EMPOEE ik PCR AL masD Fl bamA H P (¥ 2 P9 52 Mg 45

Table 5 Intra- repeatability of masD and bamA genes detected by real-time fluorescence quantitative PCR
masD bamA
TR v A(copy-uL ™) AP R AN ZE AR AL
Plasmid standard concentration Coefficient of variation within groups Coefficient of variation within groups
75 L Z Rk /o 75 L Z2 Rk [0
C/x+SD Coefﬁy;ije;if%//a/roiation C/x+SD Coefﬁy;i;li?i/a/roiation
10" 4.44 £0.29 6.49%
10° 8.52 +£0.02 0.19%
10° 10.88 +£0.10 0.90% 14.36 +0.06 0.45%
107 14.43 +0.04 0.29% 17.21 +£0.11 0.64%
10° 17.59 +0.06 0.35% 21.07 +£0.05 0.26%
10° 21.06 +0.01 0.06% 26.32 +0.15 0.56%
10* 24.48 +0.05 0.21%

2.5 XP i G g b R A L DR A I

FIFH BT 38 37 () 52 B A B 2% PCR J7 ik g d= Kl 7 Bl 5 4 b XA i is B+ 58 8 masD Al
bamA [ A3k R B #5 DUER, 25 SR 06 6 o, 5 AN XA TS Y 3 1% masD F1 bamA W i 55 R #5 D1 4L
A TE 2.69%x102—7.52%10° copy-g ™' + & 1.00x10*—3.60x10° copy-g ' + [0, + 3 bamA FfpILH 1Y
P& VVBUOR T masD FEfRFEDH, WOAP LR 95 DA I b A il e & f JOAH DG OC R 7E 5 /1 L IX V5 g + 3¢
H AT T ARG ) 380 R e o) A e s DR AR AR i 1) S B BE DR, 150 BH A A k75 e 3 v 25 5 2 TR T R R T IR
SR AR A DY I A= 1, A RT EE  DR AR SR 1 T SO0 i 75 G+ A TIE SR TR L

6 PEdbim M XI5 Y 39 masD Fl bamA Wik R 5 4%

Table 6 Quantitative results of masD and bamA degradation genes in five polluted soils in the northern of Shaanxi province

X friM I/ (mg-kg ! 1) masD 5 D8/ (copy-g ' 1) bamA ¥ VU8 (copy-g ' 1)
Regions Petroleum hydrocarbon concentrations masD copy numbers bamA copy numbers
%€ Ansai 50200 7.52x10° 1.00x10*
ikl 26633 4.40x10° 3.05x10*
Zhidan ' ’
FEL: Y anan 6661 4.65x10° 5.05x10°
Zf#Suide 5533 2.69x10? 3.60x10°
i~ »}J
e 146500 4.43x10° 1.43x10°

Dingbian
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3 451 (Conclusion)

AR S o ARG I A A R AR R ik DG BB TR massD R bamA W)€ 1439 5 19, IO A6 52 i 2%
Y AR, 2 T R S 2 R i PCR B AR X Ja8 IR 480 itk 5 TR massD R 35 96 IR 4 ok ik 2 [
bamA HEAT 7 AN A5 1. 5 SCHRAGE B9 TR L, UL S RO I BA A A B I . R A Y
RO TS 9 T7 YRR BRACAT TR DX 75 e R AT o S AGHIN ) 25 SR W, A i 75 e L e vh 53t 77
TE A 4 1 A i s DR S e A 0 S B DAY, 350 I A 9195 e M v 28 35 36 M0 e PR B U
TEXSAT M5 G 1 SEFEAT I8 S, A7 B A PR A0 AE W R e 1) O =095 e 3 AT 1B SR IR 3.
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