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Research progress of Paenibacillus polymyxa and its lipopeptide compounds
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Abstract: The Bacillus spp. and Paenibacillus spp. produce abundant secondary metabolic compounds,
especially of which the antimicrobial lipopeptides are being mined the treasury of natural antibiotics and
Paenibacillus polymyxa is a best representative among them. The biocontrol mechanisms of P.
polymyxa are related to its lipopeptide compounds, mainly including fusaricidins, polymyxins and
tridecaptins. Those lipopeptides related to antagonistic microorganisms in P. polymyxa have been found
to be produced by non-ribosomal peptide synthase (NRPSs) being a large multienzyme complexes.
Based on a brief introduction of application of P. polymyxa in plant disease control and medicine use,
types and functions of lipopeptide compounds produced by P. polymyxa have been reviewed in this
paper. Combing our studied on biocontrol work, the research progress in chemical structure,
antimicrobial activities, mechanisms of action, analogue synthesis and mass spectrometry detection of
fusaricidins, polymyxins and tridecaptins were summarized. The prospects for the trend of future
researches have been made, which could provide a reference for further discovery, exploitation and
utilization of natural resources of lipopeptide compounds.
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A. A vegetative cell; B. A endospore released from a sporangium;

C. Endospores stained by malachite green dye.
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Fig. 1 Vegetative cells and endospores of Paenibacillus
polymyxa
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ﬁ General structure of fusaricidins \
Series 1-3 Series 4
/ Ser D-GIn \ mfcofo \
D-allo-Thr —> pAasn —> D-Ala | ser D-Gin
D-allo-Thr —> D-Asn —> D-Ala
4 5 6
2 1 T4 5 61
: 3 2 1
L-Tyr €«— D-Val <«— L-Thr
L-Tyr €<— D-Val <— L-Thr
L-Val D-allo-lle
L-le D-lle L-Val D-allo-lle T
L-Phe L-lle D-lle

k L-allo-lle GHPDJ K L-Phe GHPy
k L-allo-lle

A RIRIE R A 2 T 850, HIKFIIRIIER 2 ¥ 0fp: GHPD: 15-M3E-3-32 5+ b lg .
B. AR R — M, R 4 (Series 4) MR i R 1~3 ARARTE 4 L ZIEBRIER: 1 MHERTE R

A. Molecular structure of Fusaricidins A. It is composed of the peptides and fatty acid. GHPD: 15-guanidino-3-hydroxypentadecanoic acid.
B. General structure of fusaricidins. The variants of the series 4 are composed of the series 1-3 variants linking a Ala.
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Fig. 2 Structures of fusaricidins

m/z Chemical structure of fusaricidin variants Fusaricidin

/Seriesl 869.8 GHPD—DTpr—DVaI—rVaI—b Ser— Asn—» A]Ia unknown \
883.8 GHPD—-T*hr—rVaI—»VaI—» Thr— Asn—» P\Ia Fusaricidin A

8978 { GHPD—-T+hr—rVaI—>VaI—-Thr—»GIn—»P\Ia}
7, ol B T
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-

Series2 947.8 GHPD—*Thr—Val—>Tyr—> Thr—> Asn—>Ala  Fysaricidin C; LI-FOSQ
961.8 GHPD—-Tpr—rVaI—bTyr—b Thr— Gln— A]Ia Fusaricidin D; LI-FO3b
975.8 GHPD—»Tpr—bX —Tyr— Thr— Gln— ﬁla unknown

N, W,
(" Series3 931.8 GHPD—sThr—»Val—»Phe—> Thr—» Asr—>Ala  L|-F07a A
945.8 GHPD—-Tpr'—-VaI—vPhe—- Thr— Gln—vﬁla LI-FO7b
959.8 GHPD—-—TIH‘—-X —+Phe— Thr— GIn— P’Ia unknown
N E
Series4 ALla
1032.8 GHPD—’TJ'II"—*Val—’Vm—’ Thr— Asn— ﬁ\la Ala-Fusaricidin A
LN A

3 RRMERZERS (T4 HAE m/z KA Vater 52)

Fig.3 Composition of the fusaricidin variants (The m/z values are from Vater et al*")
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IR AT BRI R R 20, & 4B WoR T 2
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@ Polymyxin E1 i \ L-Dab __.v"'ri'mz“-.;-oab Lleu
A ‘ . L:Dab THC CHs |
¥ 5 - s 3 CH. piSicos i g 3 |
{ 6-methyl-octanoic acid c"J'E ; HZT/< f;|'_|2 'y Hy cI;/ Ca) i ﬁ : L-Dab | }; I-{ :.'"-.-_____L‘_e_u_‘
i H, Ho  H, i 4 H I i s A N i | ,.-",'H H Sl
i C i i G C‘H /INH-..._CH ..N 2
A AAA K Koo
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i ;
} Hay Hy -‘& HA i | nE-
i c. G Cda HMN. _C G 1 i
WaVeVave Tha AN | AN
La 2 W, H H,C ci,dl—d}amlnobutyrlc (Dab) acid OTh .’Hzc/ : 2:-
2 ) S "
Heptanoic acid (CgH150) [!“.fz \‘r_lquz__‘ ji-Beb
@ General structure of polymyxins Dab w3 E] _)
5

(Fatty acid) 1 2

-

FA w3 Dab === Thr=——> = Dab

4

(— Dab €= Dab
9 8

A ZHIAR E1 7r 74544, Dab: 2,4-"FHHTHR: B. ZHER - MEMRA, 2 MEEREHE LRTH, 3. 6. 7. 10 L&A 4H.
A. Molecular structure of polymyxin E1. Dab: 2, 4-Diaminobutyric acid; B. General structure of polymyxins.
Amino acid at position 2 is usually conserved but position 3, 6, 7 and 10 are variable.

4 ZHERNSEH
Fig. 4 Structures of polymyxins
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Table 1  Structures and detected peaks of polymyxins
AR E Positions of amino acids
LRI R iR Fe JF i b
Polymyxins Fatty acyl tails 3£z 6fr ThE 10437 m/z
Position 3 Position 6 Position 7 Position 10

Al 6-Methyloctanoyl D-Dab D-Leu L-Thr L-Thr 11585
A2 6-Methylheptanoyl D-Dab D-Leu L-Thr L-Thr -
B1 (S)-6-Methyloctanoyl L-Dab D-Phe L-Leu L-Thr 1203.4
Bl-Ile (S)-6-Methyloctanoyl L-Dab D-Phe L-Tle L-Thr 1203.4
B2 6-Methyheptanoyl L-Dab D-Phe L-Leu L-Thr 1189.7
B3 Octanoyl L-Dab D-Phe L-Leu L-Thr 1189.7
B4 Heptanoyl L-Dab D-Phe L-Leu L-Thr 1175.7
B5 Nonanoyl L-Dab D-Phe L-Leu L-Thr 1203.7°
B6 3-Hydroxy-6-methyloctanoyl L-Dab D-Phe L-Leu L-Thr 1219.1°
C1 6-Methyloctanoyl L-Dab D-Phe L-Thr L-Thr -
C2 6-Methylheptanoyl L-Dab D-Phe L-Thr L-Thr -
D1 6-Methyloctanoyl D-Ser D-Leu L-Thr L-Thr 1144.0°
D2 6-Methylheptanoyl D-Ser D-Leu L-Thr L-Thr 1130.0°
El (S)-6-Methyloctanoyl L-Dab D-Leu L-Leu L-Thr 1169.7
E2 6-Methyheptanoyl L-Dab D-Leu L-Leu L-Thr 1155.7
E3 Octanoyl L-Dab D-Leu L-Leu L-Thr 1155.7
E4 Heptanoyl L-Dab D-Leu L-Leu L-Thr 1141.7
E7 7-Methyloctanoyl L-Dab D-Leu L-Leu L-Thr 1169.7°
El-Ile (S)-6-Methyloctanoyl L-Dab D-Leu L-lle L-Thr 1169.7
El1-Val (S)-6-Methyloctanoyl L-Dab D-Leu L-Val L-Thr 1155.7°
E1-Nval (8)-6-Methyloctanoyl L-Dab D-Leu L-Nval L-Thr 1141.7
E2-Val 6-Methyheptanoyl L-Dab D-Leu L-Val L-Thr 1141.7
E2-Ile 6-Methyheptanoyl L-Dab D-Leu L-Tle L-Thr 1155.7
Eg-Ile 7-Methylnonanoyl L-Dab D-Leu L-lle L-Thr 1183.7°
Ml 6-Methyloctanoyl L-Dab D-Leu L-Thr L-Thr 1158.7
M2 6-Methylheptanoyl L-Dab D-Leu L-Thr L-Thr 1158.7°
S1 6-Methyloctanoyl D-Ser D-Phe Thr Thr -
T1 6-Methyloctanoyl Dab D-Phe Leu Leu -
T2 6-Methylheptanoyl Dab D-Phe Leu Leu -
Pl 6-Methyloctanoyl D-Dab D-Phe L-Thr L-Thr 1192.9°
P2 6-Methylheptanoyl D-Dab D-Phe L-Thr L-Thr 1178.9

W R (m/z) SR H Tambadou 221,

Note: "The m/z values are from Vater et al®"l,

AT 30 MLEY A ARIED =, Hr, £
N2 M H P. kobensis F2A4EP, T2 AN F 2
AR P. circulans P2 AEPICRIIANE 1 7).,
AHN, BIRZKTH AR A2, Cl. C2. S1. T1 M T2 45
¥ LB AR, {HIER R WL AT H Y MALDI-TOF-MS
EAEI

% 2 NEH K MALDI-TOF-MS X} AS 6] £k
% ShX301. ShX302. ShX303. Hbl F1 Hb2 Jli &
g, I 2R 2= AR AN AR &R R AR AR R
Z5, Hrb, P& ShX302. ShX303 fl Hbl 7 /4E
£ ki % B1(E B1-Ile). B2(E{ B3), {H ShX301

A Z MR R B, 1 Hb2 R AT 2R H &K
23 +=RRENEFHE

TERER RN E T RIK, 13 AR
HRaWimr sl 13 MEER P 2, 4-2
REET IR, RERBALM N-Kii 5 5 56 17
FRIIMEEAIER: . L= KRR FE A0 (B 5):
SR+ = IR MR T IR B s S 8~12 Bk,
WEAA o B AR TR . KEEFIH
FARN L S 2 R ES o 1 2 R R A AL B AR A
TERL T ANE AR, FIR T - = IR K% (B 5
Kl 6).
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#&2 MALDI-TOF-MS 3} & #h K F AT EIEF RN ELR
Table 2 Determination of culture filtrates of P. polymyxa strains by MALDI-TOF- MS
He ik R 5% Intensity /(a.u.)
Lipopeptides miz ShX301 ShX302 ShX303 Hb1 Hb2

Polymyxins B1/ B1-Ile M+H" 1203.4 - - 452 2 449 -
M + Na* 12263 2 065 - 2351 2175 -
M+K" 12414 3892 - 5495 4098 -

Polymyxins B2/B3 M +H' 1189.7 - - - - -
M + Na* 12123 196 - 238 180 -

Polymyxins E1 M+H" 1169.7 - - - - -
M + Na* 11923 - 1672 - - -
M +K* 1208.4 - 1432 - - -

Polymyxins E2 M+H" 11557 - - - - -
M + Na' 11783 - 181 - - -

Tridecaptins E M+H" 1617.3 19 - - 337 -
M + Na* 1 640.3 127 - - - -
M+H" 1616.4 19 - - 337 -

“ RIRTCo
Note: ‘=’ means no.

M RERZE AT A R B+ =k

wEWA+=KE A, By CH¥* I E¥, Shoji AN AL R AW, PR ZERAET 12 R LR
“HE HPLC KL T +=K&R A 22 ML s AN +=E AL 12 MR ER A ZRR/ 75
‘* —— — 1
Tridecaptin \
p Val Trp Q ‘
A1 | CHy | ! |
H \ HC—CH3 | Dab Gly _ Ser | CHz | TriF
CH3~CH,~ CH=(CHa)p - o CH,~ CO+NH- CH2 Co:—\NH CH- COTNH CHy- co‘ —INH - CH - Col- NH- CH7CSJ __Cleavage
CH, oH - ?Hz - : ?Hz | ( NH
\ OH | H, \
FA CHz | H_ |H,C—C— OH, Ser
NH2 \ ;o
- c=0 \
_er= -
****** N T T T TN T T T T T T T T T 1 NH
‘HOOC $H2 NHH co (|3 ~NH- co- HzC NHT,cCO— CH NHJ‘CO C—NHT, ‘CO 8- NH{CO— CIH \
\
L - EHi B J‘ CH-CHy HCI' CHs || CIHz | CHz ¥ CIHz /! CH, :
o cH, | CH; || CHy | ¥ ch, I L,
Ala T | CooH || \ N, 1
s Val - E00R ! SNz Ny |
Glu - T Tpha
Leu Phe Dab Dab
H, H H, 1 2 3 4 5 6 7 8 9 10 11 12 13
A2 H3C—C —C—(CHy),— C C C Val—Dab—Gly—Ser —Trp—Ser —Dab—Dab—Phe - Glu— Val— Val— Ala
C|)H3 OH o miz 1 536.82[M+H]*
Ha H Hy 1 2 3 4 5 6 7 8 9 10 1 12 13
A3 HiC-C —C—(CH2)4 C C C Val—Dab—Gly—Ser —Trp—Ser —Dab—Dab—-Phe—Glu— Val—lle— Ala
CHs OH o
Hy H Hy 1 2 3 4 5 6 7 8 9 10 1 12 13
A4 HiC—-C —Cl)—(CHz) C C C Val—Dab— Gly—Ser —Phe— Ser —Dab—Dab—Phe—Glu— Val — lle— Ala

CHj, OH

Y, RN T=RER A

o
- JKA# TriF RO AT

: site of peptidase cleavage.
El5 +=BKE AWM
Fig. 5 Structures of tridecaptins A
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Tridecaptins

Hy H Hy Hp 1 2 3
B1 H3CCCC —C—C -C'-C-
CH,  OH O m/z 646.4[M+H]*
H H Ho H Hz Hp 1
B2  H)C-C-C—C-C
CH; OH o)
H2 H H2 H H2 H2 1 3
B3  Hyc—-C -c—c'-C
CH; OH o)
Ho 4 Hy H Hp Hp 12
B4  Hyc—-C -C—Cc’'—C—
CHy  OH o
Hy H H H» 1 2 3
Cc1 Hsc—cz—cl:
CH, OH o
H, H H H, 1 2 3
C2 HC—-C ‘?—(CHz)
CH, OH o
H, H 1
3 HC~C ~C—(CHa)s—G
CH, OH o
1 2 3 4 5
E1l HaC—(CHy)g—
on "
1 2 3 4 5
E2

OH

2 3 4 5 6 7 8
—C —C —ﬁ—GIy—Dab—GIy—Ser—Trp—Ser—Dab—Dab—IIe—GIu—VaI—VaI—Ser

2 4
—C —C —(ILI‘—GIy-Dab—GIy—Ser— Trp— Ser —Dab —Dab — Val—Glu— Val—Leu—Ser

3 4 5 6 7 8 9
(¢} C C Gly—Dab— Gly—Ser — Trp— Ser —Dab —Dab — Val—Glu— Val— Val — Ser

2 3 4 5 6 7 8 9
C C C Val-Dab— Gly—Ser— Trp—Ser —Dab —Dab—Phe - Glu— Val—lle—Ser

H
C C I(I: Ala-Dab— Gly—Ser — Trp — Ser —Dab—Dab—Trp—Glu— Val—Leu/lle - Val
m/z 1603.77[M+H]*

4 5 :6 7 8 9
Gly—Dab—Gly—Ser— Trp-v-Ser Dab—Dab—Ille—Glu— Val—Leu—Ser

4 5 6 7 8 9
(CHy)4— C C C Val—-Dab— Gly—Ser—Trp— Ser —Dab —Dab—Phe—Glu— Val—Val - Ser

4 5 6 7 8 9
C C C Val-Dab—Gly—Ser— Trp—Ser —Dab—Dab—Phe—Glu— Val—Val —Ser

TriF

10 11 12 13

m/z 831.6[M+H]*

9 10 11 12 13

5 6 7 8 9 10 11 12 13

10 11 12 13

10 11 12 13

10 11 12 13

10 11 12 13

6 7 8 9 10 11 12 13

6 7 8 9 10 11 12 13

H;C— (CH2)9—C C—ﬁ Ala—-Dab— Gly-Ser — Trp— Ser —Dab—Dab—Trp—Glu—Val—Leu/lle— Val
m/z 1617.80[M+H]*

El6 —+=Rk%EB. CH EBLH
Fig. 6  Structures of tridecaptin B, C and E

AW, M=K A2 REIER. ME, Wit
% 7 511 LC-MS/MS M5 ORI T 2 M #A24k,
e ANT=IkE A3 1 A4, +=kK A3 5
Al WREERR T, (A7 EMAR, -+
=IKE A4 5 A3 2 Rt A4 BRI 5 A
B W R N R BB . Jeal R I+ =ik & B AN
CHNZREYE Y, MEIEL+=KEB &
f Ba. BB. By Al B (J N B1. B2. B3 il B4)
4Ny, M=MK& C &F Cal. Ca2 F1 CAI
@R Cl. C2f1C3), +=Kk&E EMLEHWER
2 NSRS T m/z 1 617.80 [M +H] X RT Cp3
+=HKEK E &k (E 6), m/z1603.77 [M+H] %f M
T Cpy =K% E B4k, W& £ NG IR 7 A0 22
1N CH,™, A4h, fELHSEEMNTH Paenibacillus
terrae PRI T +=F A1W, B E T m/z
1 550.85[M + H]" ¥, fEFEHCT = k3 B i, 7EIR
IK AR I AR B B IR T HE 5 5 B A = A 2 AN P
BT REE, + =& B 6 MEARER
(Trp) A1 7 AL 2 FEBR (Ser) [8] v] 8 KB (TriF) 7K
( 6) P24 2 AN (m/z 646.4 [M +H]* A1 831.6 [M +
H])Y, [FRE, + =R AL AR 4K (TriF)
KA (B S HEr, BT =JKE B fil C ik

g5 Cgi 4B R, (Hik% A K H MALDI-TOF-
MS 58 FH S T R IE DRI A R Sz
Bz, A4, =K M &/ P. jamilae 774 )1
(RFINE 6 1),

# 2 A1 MALDI-TOF MS Il € 45 B Bor, #
% ShX302 F1 Hbl A=A+ =ik % E, 1 ShX301.
ShX303 Fl Hb2 AF=AATf]+ = k& . K E T
& m/z 1 617.80 [M + H]", EXMNT C; +=k&
E B4,
24 HAEREEYIEFHE

TR R B ) B0 R K AL A AL HE A R T T B
E NI TSE TR SEUNIR A VSE 0¥ F S I )7
HERP BRABABERTARAR .. REAR .
HEE. WARMEEARK Y, »FRERT
3500 Dal*1, SEfR b2 R AR R A A B 1R
BRI, BREILE (911 Da) SHEBER. HE
R, HiEAR. 2E8 K. 2, 4- FHIETRMER,
ML I8 2 (903 Da) S £ %R NAR -
SRR HER. HERRM 2, 4-—HE TR, H
AEMENRREY . RAKE RS A HER. WA
MR 2% K. WEK. BFERM 2, 4- 7T
B, (HAEMRREY. MR EAEA K
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gy, X FEEEURCY, 23 B RN 10 000 Dal,
HHAL A GERESATE R

PRABRIUE R AR T =IRE4h, —2t
WA DD AE 22 R 28 2 AT B8 = mh e e I
gLk E (paenilipoheptin) /2 1 7 M W
(Ser-Dab—Trp—Val- Phe-Tyr-Glu) fil 1 4> C,5-4-%&
BRMiR R KR RE RS BRI C-Ki
RIEREIL I, 8706 m/z 1 123.59 [M + H]" %}
BT Cps-p-RAEMR RGN L ER AL, 1
m/z 1 109.66[M + H]" Xt BT Cy,-p-RA IR R L
kR A2W21, BATTHON R — N AR B 5 1 i kA
AV, HETEAE LB A PR ET.

3 BERCEMRIEEERIERLS]

3.1 RERAEER

B TR B LR S TR M A R R —
FH P 20 B L e, (AR R AL A 5 4
T A, HEDU A B IRV E#E AR Bionda 5
WHE A PR R A B LI-FO4a 9 AR, AT
BT 13 MEMFIARIKA G, R T KT
B 7K AR T P A R A R e R 398 T s P 4 v
(TG T, AR ML A2 40 T 1 A Y B i IR . B
SRAS R % B 18 B 2 R R Ak & 0] 1B SRR R
AR E PR v, (E B 7 R L 4 K
DLARIE o

FERIE R AL B. C Ml D X4k )
Fusarium oxysporum F K78 % fl & Botrytis cinerea
B M| S ¥, §ff LI-FO3. LIF04. LI-FO5.
LI-F06. LI-FO7 FI LI-FO8 X 2 % [ [ () 4 35 £,
B it 1 & BR & Staphylococcus aureus B 1R &G
PEE 271 SRR B 20 2 B JE R A I E L,
Xt FH R AR B Phytophthora capsici 5| 2 B BRARUE
WA KA AL V. dahliae 5l &I T & 20 44
IR AT HI B 6 OR35S ANFR R (ShX301.
ShX302. ShX303. Hbl Al Hb2) 1 [ 5% 8 10 14
%, RMBARENI#HrA A8 HEE AL B. C. D,
LI-FO5b. LI-FO8b. LI-F07a 1 LI-FO7b, {HFk & ]
ARG BRI ANE] . Hodr, BR&R ShX301
o DR TN 6 A A 1 4 ) 9 e e e 1, (LR R B A
BR] 20 RO A B S 3 A FH AN 2
32 ZHhEER

LR RN L KBA RN, G R A
Pseudomonas spp. F KB Coliform spp. F
A REMPEIEMES. ZHEZ B1L M EL 4§22

TR 93P 4 B 1 A T L o is R 4R, HAEH
SR A g 2 8 (lipopolysaccharide, LPS). H
Hr, LPS B3 NS, 1 ANMRSE I A A% 2R 5 -
3-Wi S EE TR (Kdo) 455 BT A A H & A 2 4 (1)
B R 1A R) O-Bt)s B T A 1)
Skl 2R 1 B-1-6-EE 42 1) D- %) B iz (G1eN) AL
PERI A, GleN 7E 1 F1 4 7 ERe iRtk . i iR
CHFIREE KSR Cp, M C ) TR & L 4
MR sE F, Bl g-F2lEEsE (B-hydroxyacyl chains)
CEHE AR Cpy M1 Cry)e MR A FEJ9EKIH &
Y, BECERBSE, AoTRTEANIEEL
f. ZHKiwZ Bl 8L E1 @ISR Z PR A H#%
HARZEMBE I, 2 K515 %R IR #E AR _E D-
6 FL R IR-L-7 Fit IR (A & B1) 5L D-
6 Pt BR-L-7 fr e s BRI KA N, 5510 1 AH
WM A AFE, SIEAME R E R KRR .
A 22 K5 TR 20 5 22 TR 40 B A T LR B A
HZ R E Bl 5EL BIHLHI S,

2R R S 2 KB E A, T A
HINZ KRR B A E T2 HTEIT, il r
RZKH 2= B ALE, JUH OB 44 1 2 =2 [ B 1t 4
PR AR B 2, R SR B L R Pseudomonas
aeruginosa~ 2 AEIFE Acinetobacter baumannii
i 98 50 TR 1A B Klebsiella pneumoniae®s . % KB
& P1 A P2 AT 6 R0 SR BR SC IR Erwinia
spp.» F AR T B T6 KR AR R 700,
BEARKZHEREERFAEZER, MEME R
S1 A1 T1 BEARESREA ] 4 = IRBAVEGH R, (H 2K
B ER TR =2 I B A4 40 T ) 4000 7 9 44 B A 22
%\%%—[32,57]0
33 +t=hE

T =R E R RS TR, IR K
NEZREERRU, WEE2,4-"AETK.
ZRRER AL X E LB AL B 0 R A S A
Campylobacter jejuni H.AG 1. 25 [P fi1] 3§ P 4058,
BB T =R AL R & BRI
WESE, T=ARER AL RN X AV R AN E
B, AR B RS RH T =R A S R RIE T,
[ SR A5 248 B 0 /0N 23 B0 1 3R a0 0 oy 2 3R R A
UK. AN, BN R AL E A A,
RIT =R AL BUB TGS 2 5L R R 1)
PR, RIS AR (D-TrpS). 8 il —& BT R
(D-Dabg) #l 12 fi7 57522 R (D-allo-1le12) %f 5  [K
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FAPEAN B A T, T 8 o7 & T MR BB E
PER AT D, S AT R, =K
A1 BIE BIA0 M P AL 5 20 P S 1 4 B R A
JER 145G, TERCT =IKER AL 11 B &1k,
W TR T BT, SR ARG 2 B M4 A A
BUEISY Ak, —SehIRRobi iR+ =K 2= 4 B id
= A IR (TriF), 7 5 ALEZ R (D-Trps) #1 6 AL
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IR A R 40 B ARG AL . ALk, Ballantine
SEUT Yt G T A PUIKER (TriF) 1)+ =IRR ML
Yy, PR 6 AL 9 R ILER, FHfliix
2 AR IR R B GRY B B s,  FH Gk T KA K
fiR, BT HPBEEE. XN TEREHRER
A AR T .
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