Mar. Drugs 2016, 14, 83 S1 of S18

Supplementary Materials: Antimicrobial Activity of
Monoramnholipids Produced by Bacterial Strains
Isolated from Ross Sea (Antarctica)

Pietro Tedesco, Isabel Maida, Fortunato Palma Esposito, Emiliana Tortorella, Karolina Subko,
Chidinma Christiana Ezeofor, Ying Zhang, Jioji Tabudravu, Marcel Jaspars, Renato Fani and
Donatella de Pascale

Table of contents:

Figure S1. Phylogenetic trees (using the complete deletion option) of the Arthrobacter (A),
Pseudomonas (B) and Psychrobater (C) genera.

Figure S2. 'TH-NMR spectrum of compound 1 in CDsOD at 600 MHz.

Figure S3. Edited-HSQC NMR spectrum of compound 1 in CDsOD.

Figure S4. COSY NMR spectrum of compound 1 in CD:OD.

Figure S5. HMBC spectrum of compound 1 in CDsOD at 600 MHz.

Figure S6. '"H-NMR spectrum of compound 1 in DMSO-d6 at 400 MHz.

Figure S7. 'TH-NMR spectrum of compound 2 in CDsOD at 600 MHz.

Figure S8. Edited-HSQC NMR spectrum of compound 2 in CDsOD.

Figure S9. COSY NMR spectrum of compound 2 in CD3OD.

Figure S10. HMBC NMR spectrum of compound 2 in CDsOD.

Figure S11. '"H-NMR spectrum of compound 2 in DMSO-d6 at 400 MHz.

Figure S12. 2D ROESY spectrum of compound 2 in DMSO-d6 with Rhamnose protons labelled.

Figure S13. Compound 2 showing selected ROE correlations of the rhamnose moiety.

Figure S14. 'TH-NMR spectrum of compound 3 in CDsOD at 600 MHz.

Figure S15. Edited-HSQC spectrum of compound 3 in CD3OD at 600 MHz.

Figure S16. COSY NMR spectrum of compound 3 in CDsOD at 600 MHz.

Figure S17. HMBC NMR spectrum of compound 3 in CDsOD.

Figure S18. HRESIMS spectrum (M + Na)* of compound 1.

Figure S19. MS/MS data of compound 1.

Figure S20. HRESIMS spectrum (M + Na)* of compound 2.

Figure S21. MS/MS data of compound 2.

Figure S22. HRESIMS spectrum (M + Na)* of compound 3.

Figure 523. MS/MS data for compound 3.

Table S1. Cross- streaking experiments of BTN isolates against a wide panel of Bcc strains. The
Bcc strains highlighted in red correspond to type strains. Symbols: +, growth; +, reduced growth; -,
no growth; C+, positive controls, i.e., Bcc strains grown in the absence of the tester strain(s).
Abbreviations: Ps, Pseudomonas; Ar, Arthrobacter; CF, Cystic Fibrosis; Env; environmental.



Mar. Drugs 2016, 14, 83

Supplementary material

tallop;
etes X
Arth| isti oo
robacter_hlsndinolovor o
aNs_X83406 _ o5

Arthrobacter_nicotinovorans_x80743] 74

i ureafaciensﬁ)(80744
ns. *83405
504 |08

3512 o

Arthrobacte!

sce!
Aﬂ\’\\’obacter _aure

WX O
xex M
opac
AR

Arthrobacter d

eﬂuvii‘AM4og361

. X83410

ydans,

Arthrobacter_uratox

46

Arthrobacter_phenanthrenivorans_ AM176541.

39” Arthrobacter

\arilaﬂens;s_AJﬁOQGZB

31 L

Lo0eaouY "

s (T); AG; AF102267
suepfxo

Anhrobac&er_chlorophenohcu

z

S2 of 518

3
0@x
S
Rexd N
N &\©
5 &
< o
& -
0\\0
\(\\OQ 606
)
N 60%06
0“'\2“5‘5’
33A09
< S““\“e\ﬁ,
2\ | o e AME3LTO°
\ = ¢ antarcticus—
\ 60 Anhrobactel
i 71950
\ Anhrobacter__russlcus.ABO
60
I Arthrobacter_sanguinis_EU086805
44 Arthrobactef tivi
—!vingst .
Arth gstonensis_GQ406g1,
e "obacty
4 er_st,
— ackeb,and .
94 Obg, tii_a J640198
77/ 5. 411/7,0 er_ Psyer,
3 bac ro/acz
) i ©Phifyg
Pinys ARz,
G 4179
Q22
4.
7 .13
Ocy i
i
’ﬁ/,/-/u
‘5‘\465
S
T % N 85‘3‘?
% é% e % 25 0
3 8 N3 TR g %
% 0.
3 ey B e, %
w e % % =2
s L B 2, %
58 % B %
2 Z <l N
2 =) £ 9,
R 2 S %
e > =N >
=} \-y“ y @
= Y %
g D R
@ (=} b&\
o [=3} 3
R
% >
2
=
B



M,
ar. Drugs 2016, 14, 83

S3 of S18

9
Q
P
Q.
%
< %\ (o] 3
@ 5. m D Lo
< =z © <t O m
2% % 8 §33-8¢3 ®
%o 3 ©Sa © 29398 &
Y % 2 % g NIoS <88 o
%Oo‘“\o |<(valm,\ 9
433?%,0/ 20"*8:‘0“‘,’,’ ¥
'0‘%0%%0\" mlgqfu_g":,ﬁo,[gl(
P RSN R .Ew==’ wqigltbv H
\9'0000’@0‘9)003 OWo'E.IJrvIIN‘\I-L/J/”)S’%
A %0\ & 2 =~ VO S V
S S, % % V%34 mUo~“’9 I mo;v‘/)
& \ =\ F3LEFy 3
9000@00@003‘9”‘%\0 EDEOEUWQ"W'S‘OQO'?’
% (,0(/0,0 0,30%\?)0}42.\ o\ |E'=6&){E,'va-@g’ VS a4
S, %o%%o 6%%%%%@9%% Q%Im’>1§§§m/§/g%§?&§\ &
%, @/)00@00‘\/ 2. 5% CWM/E"T-LV /0-‘\\/@/\%
M 900‘9@’)29@9\69%'\ ) Ogg‘“"’w’/Qé@.:?q?Q@”b@
». % %, Q\S\\g\\?» O;.‘,,vm £ Cfﬂfgwqé:\:‘\Ko%Q?bq
e, 0 05 0% 0 TG\ %0 EE55558¢ SEETY, £
0, 38, % NN \90\9@@70‘ %Y, -UOEEODE@:/;/ NS v-\\/wogb W©
A, 00\0%0 Qe??g@"@‘&\ @\4@* j'UooEEOQ"U”’// rg"fD/K\,Q“ZS(’) ©
A, e, oy 20 %@,’z'@’o'&\\;.—\w@ m:‘Unoosotg,{;,g?’ FE S &9
S Uy, O %, 0 4578, o %8 0% XL ww::‘cu05°oe¢ LIS &/
ey 0, Vg O, %5 9, Q0 N9 2 e an_mwm::bo I S5 &
b oy, P M, o e s, 5 R T CREO\T gwwmgbgo VRS A
pe | Seyg N Nen b o AT\~ 0.0 &&’”wD:EOOSé"wQ\'v <0
S U EN SN Y Lo grar 01 FISTIS, 51
P, Cudg on, % o U%/;;\Qz/g.z”///g‘?s%oos?/ 0@0)0(?6‘0‘97?"\ By QQW%:%’QT\'@Q\? S o(\er(be) o &
Se or. O e/ 0 //7‘?99/)’/‘9‘9@0997)5’ N QQQQ O N "”@°o<\e
N Uiy, S kas\cl't/ 8{7,38 e,ssp,,b%¢/é<:}9\fo)x s \ BX CRYS &&Qo"’/bo 606‘ <&
Seudy ~Macy, ’0/7@//‘9\5” /,“4,1% 0’179? 5 i o 606\ &
Mo ~Panjpa, lojis 33573 590295 Q -
P o Dipaen o S 7 s
Seudo; Seugo > O nsis R0 766 53151; # P
Monas_pq Nas edL_’CenEEFQ‘?ng%‘? g 4 X 4
Pseudo Stral] juens-‘AMo§401 &
omon, AR AR, 8473~ 1.5 84
P as. quriis., BL25: 46843 8 9,
Pseudomon, seudomonas ?ﬂava Euggg a5 ]
as_psychr _luteola 271 2
- otoler a_D84 %
pseudomonas_ol ans_AJ575816 002
¢ eovorans_D84018 2
Pseudomonas_a\cahgenesgsbszlooe “ [y R8P
Pseudomonas_sabulin'\gri, 52 —19 \ A8 PPeseéJdom 3 nxant
pseudomonas,pe\ag\a,\ﬁgggs%la A\ % BsF‘,éuS?r?]BﬁZg“‘;:“en?‘s-AF 57645
i ) \ ° _panacis_AY787
xm\\ar\ge“s‘s— 6ok 6\ Ssudomonas cichorii 208
Pse\,\domo“asf © £Qoe8 7 \ [, 5 seudom s_cichorii_Z
o nens\>— ﬂSBO o \ 3 1'peudo 0nas Viridiflava 76658
Pseudo““’“as’x ; 096“3/560 s NG %Z“Q, \ pllbse, dononas_co iridiflava_AY1,
oo o a‘ge“““e(c\,eﬁg\)%% SR NN feu%domo%”as-syrrlge'ans A4g e
g S AN Wl b Sedom, as 7 in > 28,
pseVf 0 ¢o<<\°“a (\a\le 0% PO « sSeud 0na _Ticy gae D, 08
poeV oS~ @ N S8 ’\'l%b N UG Mo| S Fre - SerECt Q318
3o 54 5}. BN K 5360 Oy Nas rem Ct, 866
v 60‘“"“30@"@\\6"‘@“\'\‘//%&%% NI gsegﬁ;ﬁg%g”as oamae_A jgamni021
?geo ?se"d oﬂ“ ‘(\05‘5%\5')\5./??%00%@/%% NN gl%%m%nas\caﬁcastano.928 s 378
RO D AR DR 8,00 S T, WPy A8
\360«\060((\0“ \'0\\“ (ﬁ\(’éc}\@g’o%&gb@")% R0 @2[’00’7)2/7638\777/,7/ 4nablhpayae 021402
¢ o® ©7 P S QSO /(S oGy SegErs @0‘/0'%0/;, Do Y0300 Ay
L & g 02 Ty S ; , 20 se, el 3590949 407
RO o #ST 2R /{"QM"? 90 0y, N ’7/2;/’\ 9% 2 0
o \@ow@v,wws;w o [ [ T8 R0 0063t o Vory 27
e o FELe /& Qy°vf\/‘°ﬂ'7\ © Q0 ob N2 NN 5
Q% ‘\’oc"/&) > > & S & 8’50“0)(0 N mmmmmmm(\) /))/) NN Ui sy, (A 8>
QQ)’\IQNVHmmccgﬁcc¢C 'O\P%GO’OOO 0.2 AN 2L )
& oF \Q‘& e?@fb Y ENEMAY NSNLT QQQ_CLQ.Q-OO—'“UW X e XX RONCINOGC A S
K Q7. ¢ qrob ,Q,(.,/?zz, 5658 25 83822 A 30066\2;0\?.\5‘//4\/\
N o & & ) VeI > 3= 953 23 B2B%%2 NN NS e,
@ FEERE "o/ SST ~Om> 233333 a¢¢ooo,/>¢ AR B 5 95,04,
< & S SO 3’@553""“"& |Ooo°oo°°0«033¢¢%%\%\’>} %, %, . S o s 92,
RS L &P gL Ivarc'w/q)lg“’q_w 33:29j%90300¢ TN % % % S, (9’[/\4/(\86‘ 25
S L fg)/é‘ o SSod /~~q,<m Emmmmwmqﬁ”ao;\?d‘\ %%»%@éc? IR
N 90@00\@ STYLs <tl—wu>mwmm (G} v\f‘//oo N0 0
& 9 SIS 0@ 8 g E! | \ %’\wéoo»»e ) 0,
& @Qb°$“/§)§/j§’é?’5§§§§ g’%’g glr',g'lé a‘_g‘%%aogﬁ36\{936?)@%%4/@%@%‘9@\@;:&,0 £N
\Ea@‘aom/ 55519 53% et 3.0.% %23 28 0
FEIEEE 55 ¢ aﬁ@”w%%‘%"éeﬁm e e
& §° S -\ﬁ-_rucc\"::C_.w.\" m@,g?@\ % Q 6 - Q
NS $ S22 |<\—®1A¢e\vou’
Obbboao"”“ 70>mm>$w\ @ A\O;)d’
Qwa eru/QwE >0 > L. > 6 9 P R
L 558 8¢ 28c5 %3%2\7%%{"7(\%\ PCRALRE” %, %y
¢ < F 55%’53’3 Sgu.':‘ol‘g\?a%g%‘%%%"%% o %
Il bE’:owa‘N”""’@m-ﬂgz\go N
fgeged gg&%‘ﬁag—a%@a % @
SO0 g AR ) )
T gsd 5% %% % )
Q2 o I ) @
Q o} %
]



S4 of S18

Mar. Drugs 2016, 14, 83

D
%
Q.
E)
R
»
P g 2 '
% E § ] v
X 3 g & g S
< \ £ g { ’
% e ] g 5 e ' 2
3 % I A A A
) %\, O ] i
Z ) ® 7 L = g S 4
) . % 5 g o_l 1 < S N
P 2 > ) @ 2 > 7 5
) S, \ o 5 09 ~ 4 5’ > 4
%, B3 X z =z g Q 4 4 4
) O , @ g 2 s & © 9
3 %, CX > o h £ ¥ g 5/ & '
% % K ’ Qj 0 q
) . g m 2 a S O & & <
%o, ¥ R % 0o 0 ¢ ¢ § & o
%, % % v 0.02 o X € < & =
> 2 > 3 ool ° ot & *
My % ML S & & a °@\&
&), % R 4
Q \. > > . %
. . Lt o % Q Q;\s% o 3@0‘2’7,
? % Y ’ |
J/ o, NP
e, B %, K % <o AN R & 0o
Vehy, ’b«ir,' Sy R \\ Q | |
bac, (2 2 ° Q CEN a"\\\“\“ -
Urg, ’5 }
ychroba01e iy, 81 4% \;cwobaﬂ 4822
S
~eStuari g 6095, % o1 P arcticus— *
A robi’deL
94 T
Psychrobacter _jeotgalj AF4. ’ .
_AF44120; psychrobac
@ BTN20A_PsY
o | ol @ BTN20B_Psychrobacter
r @
- ] @ BTNy P,
BTN14 Psy 19 e
Cter
cret n i,
peychio®® R ehrop,
TN’L&/ \ Bo Cler V
et © 25 “Hea
o‘(\(0‘° o o b hrog, ) JS&I&S
- =) o ; .
& °’ . .
e GRS v‘ N .
s s> > < B s e
) i d) ; | 84
’ . ] S, %, 7S, 83
et J’ y | |
‘030\ {\\y’ i ?}{b = s 2 %, K R
O e N > N o L %‘90 e
?5‘; & & N QNG ) ™ [ l‘p‘o 4’5 Qo,@ % 4\5‘3)
y P $ E: [ 2 4 7 < (2%)
@ S & S o © % % % % K
& &7 & & w H owm B 7 é% S %0/ %
X 9 v 3 =) S % . |
0% & R & ° g ¥ g %\0 % 9/% ) \340
Q Q p ) . g 5 2 2 2 [ 3 & %y,
5 < S & 3 8§ L N 2 S, 2 % g 0.
y ) . 4 g 3 | o 5 2 % ® £<) 5>
< & 5 ) x o ) 1 [ \ 2.
y ) g 381y 3 %, %, %
& S & Z I 8 3 T 85 B % E ’
& N o/ o & & 3 & & > ki s
QO S & : g m
§ 7 § 5 ; A \
S 2 ;! 5 E 7
p ¢ $ E’q N £ o % /5‘
Q? & & y g . ) ) @
$ $ s § o )
S ~/ S s z ’
og § & 8 ]
s Q
& £ & Z
& s %3
(&) P g
5 R 4
d Q

©

Figure S1. Phylogenetic trees (using the complete deletion option) of the Arthrobacter (A); Pseudomonas

(B) and Psychrobater (C) genera.



Mar. Drugs 2016, 14, 83 S5 of 518

MayV-00635.10.1.1r £17000000
UserName Aberdeen
SampleName BTN1-C8 116000000
115000000
114000000
£ 13000000
£12000000
£11000000
£10000000
19000000

18000000

7000000

£6000000

£5000000

4000000

£-3000000

2000000

£1000000

L

L e —
@ ) 5 5
o & o S
0 ~ S s

Lo

{-1000000

11.36 {
1.22 {

it
@9
9 ©
=N

2.54 {

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
6.0 58 56 54 52 50 48 46 44 42 40 3.8 36 3.4 32 3.0 28 26 24 22 20 1.8 1.6 14 1.2 1.0 0.8 0.6 0.4 0.2
f1 (ppm)

Figure S2. '"H-NMR spectrum of compound 1 in CDsOD at 600 MHz.
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Figure S3. Edited-HSQC spectrum of compound 1 in CD30D at 600 MHz.



Mar. Drugs 2016, 14, 83 S6 of 518

ayV- 35.11.1.2rr
UserName Aberdeen

SampleName BTN1-C8
Experiment: eCOSY Solvent: MeOH

@

1 (ppm)

@@ @ ) . & . ) es
@ s 3

T T T T T T T T T T T T T T T T T T T T T T T T T T
58 56 54 52 50 48 46 44 42 40 38 36 3.4 3.2 3.0 28 26 24 22 2.0 18 16 1.4 1.2 1.0 0.8
2 (ppm)

Figure S4. COSY NMR spectrum of compound 1 in CDsOD at 600 MHz.
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Figure S5. HMBC spectrum of compound 1 in CDsOD at 600 MHz.
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Figure S6. 'H-NMR spectrum of compound 1 in DMSO-d6 at 400 MHz.
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Figure S7. 'H-NMR spectrum of compound 2 in CD3OD at 600 MHz.
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Figure S8. Edited-HSQC NMR spectrum of compound 2 in CDsOD.
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Figure S10. HMBC NMR spectrum of compound 2 in CDsOD.
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Figure S11. '"H-NMR spectrum of compound 2 in DMSO-d6 at 400 MHz.
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Figure S14. 'H-NMR spectrum of compound 3 in CDsOD at 600 MHz.
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Figure S15. Edited-HSQC NMR spectrum of compound 3 in CDzOD.
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A

MayV-00637.13.1.2rr
SampleName BTN1-C10 . . )
Experiment: gHMBC_NUS.highres Solvent: Me©H . ] I - -t

-

“

e -
o . B

£ =
et

N R

S12 of S18

L1.5

£2.0

L2.5

£3.0

L3.5

L4.0

4.5

L5.0

£5.5

£20

£30

= 140

£50

£60

L70

£80

£90

£100

£110

£120

£130

(140

£150

£160

£170

£180

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
58 56 54 52 50 48 46 44 42 40 38 36 34 3.2 3.0 28 26 24 22 20 18 16 14 1.2 1.0 0.8 0.6 0.4

2 (ppm)

Figure S17. HMBC NMR spectrum of compound 3 in CDsOD.
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Figure S18. HRESIMS spectrum (M + Na)* of compound 1.
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Figure 519. ESI MS/MS data of compound 1.
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Figure S20. HRESIMS spectrum (M + Na)* of compound 2.
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Figure S21. ESI MS/MS data of compound 2.
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Figure S22. HRESIMS spectrum (M + Na)* of compound 3.
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Figure S23. ESI MS/MS data for compound 3.
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Table S1. Cross- streaking experiments of BTN isolates against a wide panel of Bce strains. The Bece strains highlighted in red correspond to type strains.Symbols: +, growth;
+, reduced growth; -, no growth; C+, positive controls, i.e., Bcc strains grown in the absence of the tester strain(s). Abbreviations: Ps, Pseudomonas; Ar, Arthrobacter; CF,
Cystic Fibrosis; Env; environmental.

Bcc Ps Psychrobacter Ar
Source Strain C+
Species BTN1 BTN2 BTNI15 BTN3 BTN19 BTN20B BTN21 BTN24 BTN23 BTN5 BTN12 BTN14 BTN17 BTN16 BTN18 BTN11 BTN13 BTN22 BTN4

CF FCF 1 + - - - - - - - - - - - - - - - - - - -

CF FCF 2 + - - - - - - - - - - . . - - - - - - -

B. cepacia cF FCF3 . i i i i i i i i i i i i i i i i i i i
Env LMG 2161 + - - - - + . - . . - - - , - - . - - -

CF FCF5 + - - - - - - - - - - . . . - - , - - -

CF FCF 6 + - - - - + - - - - - - - - - - - - - -

CF FCF 7 + - - - - + . - . . - - - . - - . - - -

CF FCF 8 + - - - - + . - . . - - - . - - . - - -

B. multivorans CF FCF9 + - - - - - - - - - - - - - - - - - - -
CF FCF 10 + - - - - - - - - - - . . , - - , - - -

CF FCF 11 + - - - - - - - - - - . . . - - , - - -

CF LMG 18822  + - - - - - - - - - - - - . - - . - - -

Env LMG 17588 + - - - - - - - - - - - - - - - - - - -

CF FCF 12 + - - - - - . - . . - - - , - - . - - -

CF FCF 13 + - - - - - - - - - - - - - - - - - - -

CF FCF 14 + - - - - - - - - - - . . , - - , - - -

CF FCF 15 + - - - - - - - - - - - - - - - - - B, -

CF FCF 16 + - - - - - - - - - - - - - - - - - B, -

CF FCF 17 + - - - - - - - . . - - - . - - . - - -

CF FCF 18 + - - - - - - - - - - - - - - - - - - -

B. cenocepacia CF FCF 19 + + - - + - - - - + - + + - + - + - - +
CF FCF 20 + - - - - - - - - - - . . , - - , - - -

CF FCF 21 + - - - - - - - - - - - - - - - - - B, -

CF FCF 22 + - - + - - + + - - + - - - - - - - - -

CF FCF 23 + - - - - - - - - - - - - - - - - - - -

CF FCF 24 + - - - - - - - - - - . . . - - . - - -

CF FCF 25 + + - - - - - - - - - - - - - - - - + -

CF FCF 26 + - - - - - - - - - - - - - - - - - - -
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CF
CF
CF
CF
CF
CF
CF
CF
Env
Env
CF
Env
Env
CF
CF
CF
CF
CF
CF
CF
CF

FCF 27

FCF 28

FCF 29

FCF 30

FCF 31
LMG 16654

C 5424

CEP 511
MVPC 1/16
MVPC 1/73
LMG 24506
LMG 19230
LMG 19240

FCF 32

FCF 33

FCF 34

FCF 36

FCF 37

FCF 38

FCF 39
LMG 21462

S17 of S18

B. stabilis

CF
CF

FCF 40
FCF 41

B. vietnamensis

CF

FCF 42

B. dolosa

CF
CF

LMG 18941
LMG 18942

B. ambifaria

Env

CF

MC17
LMG 19467

B. anthina

Env

CF

LMG 16670
LMG 20983

B. pyrrocinia

CF
CF
CF

FCF 43
FCF 44
FCF 45
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CF
Env
Env

CF

FCF 46
MVPC 1/26
MVPC 2/77
LMG 21824

H+

H+

I+

+

S18 of S18

I+

H+

B. lata

CF

Env

LSED 4
LMG 6991

I+

I+

I+

I+

B. ambifaria
B. anthina
B. cenocepacia
B. cepacia
B. contaminas
B. diffusa
B. dolosa
B. lata
B. latens
B. metallica

B. multivorans

B. pseudomultivorans

B. pyrrocinia
B. seminalis
B. stabilis
B. uborrensis

B. vietnamensis

Env
Env
CF
Env
Al
CF
CF
Env
CF
CF
CF
CF

Env

CF
Env

Env

LMG 19182
LMG 20980
LMG 16656
LMG 1222
LMG 23361
LMG 24065
LMG 18943
LMG 22485
LMG 24064
LMG 24068
LMG 13010
LMG 26883
LMG 14191
LMG 24067
LMG 14294
LMG 20358
LMG10929

H+

I+
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