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Optimization of nitrogen removal performance and metabolic
pathway of a heterotrophic nitrifying-aerobic denitrifying
bacterial strain Acinetobacter johnsonii sp. N26

XIA Yuanjian, YANG Xiaoli', LI Haihua, ZHAO Bo

School of Environmental and Municipal Engineering, North China University of Water Resources and Electric
Power, Zhengzhou 450011, Henan, China

Abstract: [Background] The accumulation of nitrogenous substances in water bodies will
cause problems such as eutrophication and death of aquatic organisms, which seriously
threatens the aquatic environment and restricts the environmental protection for the sustainable
development of China. [Objective] To study the nitrogen removal performance and metabolic
pathway of Acinetobacter johnsonii sp. N26, a bacterial strain with heterotrophic
nitrifying-aerobic denitrifying function and screened out from sheep manure compost, for the
removal of nitrogen pollutants in domestic sewage. [Methods] The growth and nitrogen
removal curves of N26 in the media with ammonia nitrogen and nitrate nitrogen were
established. The nitrogen removal performance of the strain was optimized by single factor
experiment, and the metabolic pathway was studied by nitrogen balance analysis and functional
gene identification. [Results] The growth and nitrogen removal curves illustrated that N26
rapidly removed ammonia nitrogen and nitrate nitrogen (initial concentration of 50 mg/L) with
high efficiency. For the removal of ammonia nitrogen, the strain showed the removal efficiency
of 95.5% and the maximum removal rate of 5.330 mg/(L-h) within 9 h. For the removal of
nitrate nitrogen, the strain showed the removal efficiency of 93.6% and the maximum removal
rate of 3.147 mg/(L-h) within 15 h, and only a small amount of nitrate and nitrite were
accumulated in the end. The strain had the optimum nitrogen removal performance in the
medium with ammonium chloride as the nitrogen source and sodium succinate as the carbon
source at 30 °C, the inoculum amount of 15%, pH 8.0-9.0, C/N ratio of 15, rotating speed of
120 r/min, and nitrogen load <300 mg/L (ammonia nitrogen). The results of nitrogen balance
analysis and functional gene identification indicated that the nitrogen removal process of this
strain was not only in line with heterotrophic nitrification-aerobic denitrification but also a
short-range nitrification-denitrification process. The metabolic pathways of this strain for
nitrogen removal were NH; -N—NO, -N->NO—N,0—-N, and NO; -N—NO, -N—->NO—
N>O—Ns. [Conclusion] 4. johnsonii sp. N26 has excellent performance of heterotrophic
nitrification-aerobic denitrification and application potential in the treatment of ammonia
nitrogen pollution in water bodies. The results can provide a theoretical basis for the application
of heterotrophic nitrifying-aerobic denitrifying microorganisms to the biological removal of
nitrogen in domestic sewage.

Keywords: heterotrophic nitrification-aerobic denitrification; Acinetobacter johnsonii; growth
curve; carbon source; nitrogen removal pathway; functional genes
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1.1 #8
1.1.1  HE#h

S I R SR AR T R 4 R SR AR 3 R 2
HE, SR S R R 5, SN
AT E, 440 Acinetobacter johnsonii sp.
N26, DR [ gL R B 3R i v o0 (CCTCC),
{2058 CCTCC M 2022462
1.1.2 1EHE

SRR A (g/L): EE R 10.00, FAHE
3.00, SAbEH 5.00, ZUE 15.00, pH 7.3+0.1;
WA TR (L) & kEk 0.10, LR 1.34,
B4 AR 50 mL, pH 7.0; KA
H(g/L): AfbEk 0.19, T RN 4.22, Fing
[RERVA M 50 mL (MR Z A E 50 mg/L, C/N
1 15), pH 7.0+0.2; fiSfREE ARG (g/L): il
FREN 030, T EREN 4.22, i E R
50 mL (W LA AN R £ AW E 50 mg/L,C/N 2 15),
pH 7.0+0.2 4 [CER VA R (¢/L) : B R & — 1 5.00,
LKBREREE 2.50, &AkAN 2.50, -L/KARER W &k
0.05, PYKHLAREL 0.05,

DL 3R I 250 mL 4TI 2E 9 100 mL,
FHE R KBS T 0.11 MPa K4 20 min, H#Eh
BRI WO S B AR R R BT B pH H,

.
113 EEXFFIMER

b 283850 ¥ ok B 7= 4 Fr 4l ;- PrimeSeript™
RT Reagent Kit (Perfect Real Time), TaKaRa 2
H); Hieff™ gPCR SYBR Green Master Mix (low
Rox), il EYRHCA R A PCR 514,
S E R AE MR A BR A F o KR IR
i, WMEIEEHSLRAERT s WS TAES,
IR L FR S S ARABR S w5 BHMAT L3500t
JETE, JEntE Al A A IRSTHE A &k
IRKp s, BilFRLEIFgRM s pHit, B
ARSI A IR A R s SRR B4,
UM H BB A7 PR 7 5 26 E it PCRAY,
FERR MR B 2w o
1.2 7%
1.2.1 ARSHEAHLNE

PRI N26 B VS A T R IR, A
FEIK 30 °C. 120 r/min ¥55% 24 h, 1ENREFHE
A . B AR S), 1% 15% i
BN A 100 mL 24 S5 77 AL A AN IR h /U R 4k
H, 30°C. 120 r/min 5557 36 h, % 3 h BUbEAS
Mo LARIZRAL =S (R IR PR o s Erxt e,
SEFEGRIY ODgoo . A . THAA . WAHAEZR . &
RO FLERAF RO R, b SR MR)
N R IORE I BRI AR L DU, BRI  H
FE I AL B ML i 35K h 8= W R LE
ORI HER IR AR . DY
1.2.2 BRAMERERIMAL

TE bR 3 5553 F0 S B PR AR 1 Al |
Fiz PR DR S Y B, ) A R SR
MRIRFIERR . AfbsR . Wk . EE);
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7.0, 8.0, 9.0, 10.0), C/N (0, 5. 10, 15, 20,
25), H#i(0. 30. 60, 90, 120, 150 r/min),
AAAT(50. 100,150,200, 300,400, 800 mg/L),
XF BT N26 HEAT R SR R A UAL S5, R IR B o7
72 h, 12 h BRI ODgoo LA K 2R . A
R, IFTRER . HSZMX 0 h B[
123 DhEEEEMERE

THREHE R 1 %8 B B Rilg iR
A 58 i . P00 E f PCR 473 19 7 b 2
DhREFE, el Dh e NG amod . narG.
napA . nirS/nirK. nor. norB } nosZ %5, 433
K H amoA-Fl/amoA-RI . narG-Fl/narG-RI .
napA-F3/napA-R3 .nirS-F1/nirS-R1 .nor-F1/nor-R1 |
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1%, SIS IR 1 iR,

& RNA fli#2: ] TaKaRa #I£50 &
PrimeScript'™ RT Reagent Kit (perfect real time)
HEATEL RNA (4 o B 28 2o i b B A A i A 7
FAOX B, SRIEREUTVE | VRS 9 RNA TTIES S

&1 PCRYEBMERERSIMFT

Table 1 Primer sequences of the target genes
amplified by PCR

Primer name Primer sequence (5'—3')
amoA-F1 CCCTCATCATGGACACCGTC
amoA-R1 CAGGAAGCCGGTGTAGTCAG
narG-F1 TGTCCATGGTCTCCTACGCA
narG-R1 TAGAAGCTCATGCAGACGCC
napA-F3 AGAGAAAGAGGGCGCTTACG
napA-R3 GGCGGGAGAACTGGACTAAC
nirS-F1 TCAACAACCTGCAGGAGACC
nirS-R1 CACCTTGTCGGACTGGTTGG
nor-F1 CGAGTGGATTCCGATCCAGG
nor-R1 CGATGAAGTACGGCACCTGA
norB-F1 ACCCGCGACAAGTTCTACTG
norB-R1 GCACCCATGATCAGTTCCCA
nosZ-F1 TGTCGGTCTCCAAGTTGACG
nosZ-R1 CTCACGATTGCATCATGGCG

T4 5 min, fIAIG# DEPC b HUK % RNA
UUUE, FARECEETTHINE RNA VR4,

S 5% PCR JUWAKZ : 5xPrimeScript Buffer
(for real time) 4 pL., PrimeScript RT Enzyme Mix
I1uL, 5% Oligo dT (50 umol/L) 1 pL, Random
6 mers (100 pmol/L) 1 pL, & RNA ¥£5% 1 ug,
RNase Free dH,O #Me& 20 pL. #£ 37 °C/)i
15 min, 85°C/ZN; 5s, —20 °CIRAFE& .

EH PCR WA Z . Hieff™ qPCR SYBR
Green Master Mix (low Rox) 10 pL, Forward
primer F Reverse primer (10 pmol/L)4% 0.4 uL,
cDNA (i B¢kt 1:10) 2 uL, RNase Free ddH,O #p
A& 20 pLo s fE PCR W Z&F: 95 °C 5 min;
95°C 10's, 60 °C 30's, 3t 40 MEFR, AR5k
FroORME . RS HIG , 4T 60-90 °CHfift
HHEE
1.3 2%

NH,"-N {07 R 40 PG 4 e e RE v
NO; -N FJll R FH 48 S04y e AP NO, -N
0 2 SR FH 4366 BE TR TN (00 e
A R i 28 DA R BE IR P ODgoo 2R
A e BE I E P

2 HERE4M

21 EKM&ESERT M

D7 R PR N26 FEIRAAR 2 A 35 F7 FE A R
RIEF I AR ZIH9 ODgoo, VLA TS
A WAHAR . BAMIKRE, 2H K N26 1
AR SRS . Hor SR E 53
ROBHOFE A B2, SR GEBR)W)
W BE AR K R A M S R R R, B
WO B 248 K b B & BT R, R
W 25 9 TR 22 (H 20 5 T K AR AR i 1 R

M 1A w0, DLECE R ME— T, #
i ODgoo 4 0.075; 1E 0-15 h, BAHik AXH4L
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ffM 1.055; B 7E 1524 h EAFRE S, ODgoo
TRiFfeE, Wi KEE R 1.085; £ 24-36 h
PEATETH, A o AR R T A A

Y LT B R TR A R R, AR
B RK . AWK 0-9h 2RI FF, MOh
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36 h — IR FPR EE R A R ARE, AR K
AR FHER(NO, -N)TE 0-3 h WM 0 F T+
13.187 mg/L MG &AL, HH 21 h JLF5E4a
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96.0%, 36 h ZERENN 98.4%, SDAGEH)
HIAR IR B R ARE B TE 36 h WA . AR . WY
BAGEKPEMERILTERE D LB, IFHIZ

FeBad A5 PR AR ) P A KRR 2P Rl
W)TE 0-36 h PREFFRE FREREHE, N0 h 1Y
56.188 mg/L FF#%] 36 h 1Y 37.913 mg/L, &
BN 0.507 mg/(L-h), EBRECEN 32.5%.
L 1B A] I, AR AS R HE— AR , ODeoo
WIhhM 0.075, 1E 0—15 h, AW HE A BUE K
W, N26 AR ECEEEIE TN, 15 h B ODggo
M 1.025; 76 15-18 h FE A EWFaE W, &
KL, ODgoo M 1.025 4% 1.085; Ffi)5
£ 18-36 h AT T, BN HAEYHIE—H
TR S, AT 36 h 5 ODgyy N
0.72, ZALE 36 h PIkETH B2, —HYE
FEEREE AR . I A U B A B AR 55 1A
PRI PO A K AR EFF 2P, MO h Y 50.418 mg/L
T RES] 15 h 9 3.210 mg/L, xR ERRE R
M 3.147 mg/(L-h), 15h EBEBCEEN 93.6%; 1E
SR 21 h, S EGERFAE 3.000 mg/L LIF Y
W, 36 h EBRFILFiAF] 100%°7, WAy A
AAE 0-15 h NI 0 EFH%] 14.918 mg/L, Ff)5
BTG, B3 30 h L2 Rk, BRAGER)
7E 0-9 h R T %, ZBR#AHN 2.713 mg/L,

A <-NO;“N - NH,-N A TN (turbid) B <-NO, N =<+NH,"N -2 TN (turbid)
K- NO,-N -O-TN(clear) O 0D, K- NO,-N -O-TN(clear) -O- 0Dy,
155 12+ 155
150 5 150 =5
45 B Lot 45 2
140 = 140 2
(=) =]
135 E R 08 T 35 Jéh
{30 £ Q@ 130 2
125 ¢ S 06 125 &
120 3 120 8
155 04 15 5,
] o
10 ; 0.2 10 ;
15 R E
a0 0ol® =2,
Time (h) Time (h)
1 HERA). EERB)ARIEMNEK N26 MEKMNBR R
Figure I The growth and nitrogen removal curve of strain N26 when NH,; -N (A), NO; -N (B) as nitrogen
source.
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Figure 2 Effects on strain N26 growth (A) and nitrogen removal (B) by nitrogen sources.
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Figure 3  Effects of growth on strain N26 by carbon sources. A: NH;-N. B: NO3 -N.
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Figure 4 Effects of nitrogen removal on strain N26 by carbon sources. A: NH, -N. B: NO; -N.
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Figure 5 Effects of growth on strain N26 by temperature. A: NH, -N. B: NO3 -N.
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Figure 6 Effects of nitrogen removal on strain N26 by temperature. A: NH; -N. B: NO; -N.
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Figure 7 Effects of growth on strain N26 by inoculation volume. A: NH, -N. B: NO; -N.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1384 WAEY

FIER

Microbiol. China

& 8B Al UL, RfE AP AYIE N, Bk N26 Y
REALBE ) Bk RIS TR T R
MR RAE 15%0, RASfLRE ) ik, 12, 24,
48 h THAERB ERZE0H 64.6%. 87.9%.
91.1%; 4R 1%, Bvk N26 S fifg fh
RGN, 24, 72 h AR LBRES IR 32.8%.
70.9%. Zi4 LA EEHE Ko HT, 15%J2 Ak N26
2SR N e B i
225 AR pH M RAERERIF IR

W RSB ARG IR . SRR A s 7
) pH{E (4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0),

100 -

s}
(=)
T

I~
<)
T

NH,*-N removal efficiency (%) >
) @
< <

<
T

0 12 24 36 48 60 72
Time (h)

B8 EFEXE N26 i RN

WY pH XTI A PR BR A 5200 . H K] 9A (9B AT UL,
FEF—BF 2, AN AR pH (EM 4.0 T3
10.0 B, TR N26 752 A FAH SR IRBE T 14:
KGO R FFHE R s, Kb
RINET pH 8.0 B A KAF LI AT, TER S E A
5T pH 9.0 By A KNS et . IRl 10A, 10B
AL, pH<7.0 B pH 10.0 i}, Htk N26 IRk
MAEACRE T 872 ; R AIEL T pH 8.0 I fild
fRBE T i, 12, 24, 48 h @A BRI BN
87.3%. 98.7%. 99.6%; TERHASEIMEL T pH 9.0
I RS RE ik, 12, 24, 48 h ISR LK

oe]

100

80

60

40+

20¢

NO,™-N removal efficiency (%)

A: AA.B: MHER

Figure 8 Effects of nitrogen removal on strain N26 by inoculation volume. A: NH; -N. B: NO; -N.
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Figure 9 Effects of growth on strain N26 by pH. A: NH, -N. B: NO; -N.
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Figure 10 Effects of nitrogen removal on strain N26 by pH. A: NH; -N. B: NO; -N.
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Figure 11  The change of pH with nitrogen removal process under different initial pH. A: NH,"-N. B: NO3 -N.
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Figure 12 Effects of growth on strain N26 by C/N. A: NH; -N. B: NO; -N.
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Figure 13  Effects of nitrogen removal on strain N26 by C/N. A: NH;"-N. B: NO3 -N.
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Figure 15 Effects of growth on strain N26 by rotating rate. A: NH; -N. B: NO; -N.
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Figure 17 Effects on strain N26 growth (A) and nitrogen removal (B) by nitrogen load.
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WIREFTIREIL R, nor WV AHERE: A fL A I il
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THASE, P YmESR, R ANHEL
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napA J2: J& JURH R R 38 I i i T RESE ™ narG

Table 2 Nitrogen balance of NH; -N and NO5 -N removed by strain N26

Nitrogen Time NH,"-N NO; -N NO, -N TN (turbid)  Intracellular-N  Proportion Gaseous-N  Proportion
source  (h) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%) (mg/L) (%)
NH,Cl 0 50.253+£2.231 1.467+0.513  0.079+0.000 56.188+2.104 0.004 0.0 0.000 0.0

36 0.018+0.037  0.096+0.032  0.079+0.031 37.913+0.254 37.028 65.9 18.275 32.5
NaNO; 0 0.900+0.231  50.418+1.543 0.097+0.000 50.802+2.254 0.553 0.0 0.000 0.0

36 0.753+£0.033  0.214+0.037  0.097+0.036 42.214+0.255 40.275 79.3 8.588 16.9
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Table 3 Results of functional gene identification of strain N26

Functional genes Key enzymes Functions Direction Identification results
amoA Ammonia monooxygenase NH,"-NO," Dissimilation +
narG Respiratory nitrate reductase NO; -NO, (anaerobic) Dissimilation —
napA Periplasmic nitrate reductase NO; -NO, (aerobic) Dissimilation +
nirS/nirK Nitrite reductase NO, -NO Dissimilation +
nor Nitrite oxidoreductase NO, -NO;~ Dissimilation —
norB Nitric oxide reductase NO-N,0 Dissimilation +
nosZ Nitrous oxide reductase N,0-N, Dissimilation +
GDH Ammonium-assimilating enzyme NH,"-biological nitrogen ~ Assimilation /
nasA Assimilated nitrate reductase NO; -NO, Assimilation /
nirB Assimilated nitrite reductase NO, -NH," Assimilation /

+: BHME; — BAME; /0 R

+: Positive; —: Negative; /: Not identified.

S PR i R b A SR B D RE S [, PRI A N26 H
A napA BTG narG, FWTHEPE N26 8 i i 4k
SRR WRESR, MESRANEE
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1 Al B P A NO, -N—NO—N,0—N;
PG AR AR o AR R RIBE R 2R e W B Bk N26 fild
L A RE T 5 T b S A RE T, A1
3 M IE B SR 5 A R & BRSO T
AR, AR F M P 2 s T2

Biological

3 it Assimilation
nitrogen
RY :
amoA nirSIK
NH ———> NO, . NO
nirB
?‘ /
&
nasA nirB

NO; ——5 NO, ——> NH;/

18 HEHE N26 IR iHIRE
Figure 18 Metabolic pathway of strain N26.

HH I HEN amoAd ThEEFEN 1 FikGE 138 T napA
IR . wkk N26 ERfbd i, @it GDH
Pl 1) 22 R i B A A B AN, 2R
AL O AR SR , 587 WA AR o D) RE A
nirB YL R AR R, MEIREREE nasd
1 nirB MK RGA IR 2 A PR R AR
AR R . RO oA A T B
FENYE, HEwR N26 b Rihsie
NH; -N—NO, -N->NO—N,0—-N, #1 NO; -N—
NO, -N—-NO—-N,0—-N, (& 18), X J&— e
I A AR, [RIHIERA TR N26 HA DL R AT
YERE, TSI N UA DR ISR ER L R,

norB nosZ

N,O > N, Dissimilation

GDH Biological

. Assimilation
nitrogen

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



B Mas: FaRmi- 18 L Acinetobacter johnsonii sp. N26 Il &M B8 AR BT& 12 1391

3 Wi

AR SRR OEIE, SRR
AR RN EBR 5 N26 (1 s 3 i 78
Ifa] b OREE— 2, U A - R AR T 2 2k
AAEXT R R, IR A KR SRS S A
Jits TEBR N26 e TR 22 B K P By 28 BRI 2%
R, HK AP 2R A B AR B0 AR PR A AL i R R
FREIKF 5 WPk N26 7R A EAEE T AR K EE
HACRE S TIEH AR IE T, WA AL
RAERE®S FMASA, zZh FWH LM
Pseudomonas mendocina 3-7 5224, Wit=
AW R, EE A ERE TADD 7ERS A%
I i 285 80 ) B A R O S R A A L. PR
N26 itk FErh DA WS A 2, i
SRNA I Z, Ul RS R A P ) =
AR, TR A S A AR T
Ha) YA S A, HTE R A T AR
{14 J5 A 0457 B B ) 2 EE ARG, SO AR Ok
Acinetobacter junii ZMF5 . He 2555t Pseudomonas
mendocina TIPUO4 . Padhi 2%} Klebsiella
pneumoniae CF-S9 HIBIFFE I UE B A 5 E N 5+
TR AU A S AF AL B ME—Fp ) 7= o A A BRAY
SER I T WS AR R, 1k
N26 HYRMRECRE TR 2, BB A R X%
WA B H AR, R R A rERE %
W4 Almeida SFPHIHEMZEBL. Fkk N26
FEL AN T 36 h BALBRES TIEMSA
WET, HEK FEAN EBRBEEY A, b
BRI A EAG, SRS T RS —RRE(E,
SRR AR PR AR S SR A A - SRR A TR
AT 5 il DR TR BT, T X 3K — R 0 B A 5 )
fief LA I8

W A RE A AT, 15 IR R
il AR WAL, Bl iR T R, fx

IR EE A 30 °C, HiE RN 15%, fxid pH {H
4 8.0-9.0, FciE C/N N 15, Fpid %34 4 120 r/min,
B IE AT <300 mg/L (AR, %45 REIA
SNFF I N26 J&—Fhid & 1 T 15 K FE K b
RACFLRGEY), SIFHESIE & b P B AT TR
HD-NAH 78 B & SR i B b5 B Rk N26 A
), HiaE O/N N 18, AKEE IS pH (E
9 7.0-10.0; H—RIET, M mATHE HD-NAH
1) 22 535 3 R P 2 [ SR By Il A5 B> R > Tl
BA, BEHEE N26 fEm - AE bt FEp L H
L E T RS ARG — IR AT AL, TR N26
1) 25 B SRR L PR R R BN 5 Z AR . A,
Ye WL () Pseudomonas putida Y-12, H%t
208.1 mg/L Z A A 72 h AbFERLE Ny 98.8%; &
SR Z=BURE R ) Klebsiella oxytoca YZ-12 W) fik
A MM<150 mg/L,

L RGE AR R AT, WAL E AN AT
N26 M U AR — s R A Ak - R s A Bk AR, S
by 25 $i T8 A AR [ 51 2500 204 3 3 A2 A TR A
F : Chen Z515V% Y 7= B8iAT 16 (Alcaligenes sp.)
TB X 2 &AM AU A2 5 B bR N26 ] 5 Xu 25
KB T = 42 2F A I8 (Bacillus  thuringiensis)
WXN-23 XS E B A M 5 HR N26 A
[f]o BEZdE Y, A Yot A e S A R A A
fisfb-IAE AT AS SR B F DL B AR, A LE A TE
A B 5 i A SRR K el R v T e ) A T i R
P, UF PSS BN G A A B R R
O AR, EXZ R T R SR
ERTOEEPS BN s 1

4 Zi

M FEHENE b B AR A R — Bk A0
Acinetobacter johnsonii sp. N26, g5 L 22 bR
KA RS, HRERFEAR IR
ERFN A R ER A R K, X Wl AR M 50 mg/L
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IR RASEIN 36 h ZBRFCRILIEH] 99.5%L
T, K EBREES I 5.330, 3.147 mg/(L-h).
PR N26 7624 J BT AR Ko B i fb ge I i
TR T, w9 WA R 6 X 1 Pk
AERKAREFEER . TR 0 5 Hnt, W
PR N26 1A 1 R EURCR 4335, Thae kA
U E 4 SR I BRI PR N26 A AN Rk 4 il P g
B BREh A0 JE W D REFE X narG, 1T AT LR IR R
il J& J53 i PR kA SR B ) D REJE B napd, 1B
Acinetobacter johnsonii sp. N26 J&—Fk 5 F&filf
M-I A AN BT I . TERE N26 S 3RMi k-7
AR P B AR A R . AR A R IR
R TEREN; IRE R 30 °C; HEREN 15%;
pH 8.0-9.0; C/N & 15; %3} 120 r/min; %
<300 mg/L. SFEASL-I7 AU b N26
e &AL & 42 8 NH,'-N—-NO, -N—-NO—
N,O—N, #l NO; -N— NO, -N->NO—-N,0—-N,,
JE— R RS Ak - RORS fh e AR . TR AR N26 (AR K
PR Ze . A 5B DA S T R B R 4
TUIHERE N26 & —PRmal. 1RERY S FRAH 147
AL B, AT o8 S 2L 5 SR -4 EUR A Ak
PSR 5 bR RS
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