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Chemical constituents from the culture filtrate of a Himalayan soil
fungus, Preussia sp. and their anti-inflammatory activity
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A new naturally occurring benzoic acid derivative, benzyl 2,4-
di(benzyloxy)benzoate (1) and six known compounds (2-7)
were isolated from the fungus, Preussia sp. found in frozen soil
of the Himalaya Mountain. The structures of the new compound,
together with the known compounds were determined by 1D-
and 2D-NMR experiments, as well as comparison with published
values. In addition, to the best of our knowledge, the known
compounds 2—7 were isolated for the first time from the genus
Preussia and the family Sporormiaceae. The isolates were
evaluated for cancer chemopreventive potential based on their
ability to inhibit nitric oxide (NO) production induced by
lipopolysaccharide (LPS) in mouse macrophage RAW 264.7
cells in vitro. Compounds 1 and 2 inhibited NO production by
50.7% and 88.5% at a concentration of 100 mg/ml, respectively.

Keywords: Preussia sp., Sporormiaceae, benzoic acid derivative,
diketopiperazine, nitric oxide

Preussia <52 Sporormiaceae }o]] £3}31, °F 5152 23}
i, Zouf LR A8 AR Zo| 4] EhAEI TH Arx von and Van
der Aa, 1987; Arenal et al., 2004). Preussia &2 d-FE52 2~
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E2jo}, 3% W ofzel7h S0l 4] A% Ul Bol=A u
Ax= Ao &2 BE QItGuarro ef al., 1997; Arenal et al.,
2004; Mapperson et al., 2014). ©]7 2] ¢17Lo]| 4] preussiafurans
A2} BE Z§F5H= dibenzofuran (Talontsi ef al., 2014)5 2
pyrrolidine, benzoic acid, sterol, spirobinaphthalene 2] &%= 4|
59 spiropreussiones A2} B Z12] 1L spiropreussomerin A (Chen
et al.,2009) 5-°] Preussia sp.ol| 4] 22 =] it P. typharumo]|
A] epipolythiodiketopiperazine 2] -3-%=A|&-2] preussiadins A
Q}B, A1 F-E A; 18] 3l leptosins A2} C 50| 22| E 2 thDu
etal.,2014). T3} Preussia 4:0) &3 =52 cytotoxicity
(Chen et al., 2009; Du et al., 2014; Talontsi et al., 2014),
antimicrobial (Chen ez al., 2009) ¥ antiplasmodial (Talontsi et
al,2014) 50| = Aoz B FHQith
Nitric oxide (NO)+= 35F9] nitric oxide synthases (NOS)
o] o]l ZnljlE]= HE-3-9] o}u| 1At L-arginineof| A A4 E
THMoncada et al., 1991). Nitric oxide t SR} A A A,
gt atel Wl 2 S ofg] 7152 74 BARA A 7]
5= HISHA|A Al AFE, Az HA %Oﬂ ot Anggard,
1994). SFA|9t I =3F NO A2 | & £ H(septicshock), F
ulE] A4 4 (rtheumatoid arthritis), 0] 4] H 7 2 1F-3(graft
rejection), % AJ%H(tumor growth)I} 7 o|(metastasis) 2 2]
97, TR (diabetes) 52 @elo] HtiAnggard, 1994). ot
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ZEAINOQ] A= A o o W X 5ol ot JT-S T A
o= yzhEL,

S 9 TA| o] 45T} o] Fte] 7150l 4 8ol
U HBEES Aok ol A sldetopAke] S ER
E] 2] % u| Y&, Preussia sp. 2] HEH-2 S25-5-0] nitric oxide
(NO) g/ ol gt oA E/d-& vehd-& ERlstqich & A+t
of| ] Preussia sp. ) ool © 2 1 E] o) gl sfstEe] sfakT:
22 FHSIAL 0|50 B 9% BAS 2L

nie @

ATol] AFLE Preussia sp. (MG753547)%= 20101 9 U]
g, s|"etoKHimalaya) 4H] FE oA 5] = ¢ m, internal
transcribed spacer 1 and 4 (ITS1 & ITS4)2] A= 4z B
wol] Slstol ERE ek o] ALEH Preussia sp.] 2 o)
FEZ-70°CE BEE L

7171 & ALk

UV 9[RS Z}Z} Shimadzu PharmaSpec-1700 UV-visible
spectrophotometer 2} Bruker Tensor-27 spectrophotometer &
98 AE519 k. 1D W 2D NMR-& Bruker AVANCE (600
MHz) spectrometer& A3-5}$ T} Mass spectra+= JEOL JMS-
700 mass spectrometer (JEOL)E- ©]-83}4th TLC+= Merck
precoated silica gel F254 plates & AF515 2, RP TLC 2=
RP-C18 F254s plates7} 0] 25|21t} UV light2 o] 85401 254
nm<} 365 nm ol A 1214 0 2 3+15} a1 10% sulfuric acid
£ o|-g3}o] 2HA 201319tk Column chromatography ©f| ©]
L5 =X A= silica gel 60 (230-400 mesh, Merck), RP-C18
silica gel (YMC GEL ODS-A, 12 nm, S-75 um)¥} Sephadex
LH-20 (Pharmacia Co.)7} ©]-8-%] %It} Semi-preparative HPLC
=YL9100 HPLC system (Young Lin)-2- ©|-83}%3 11, column
© == Alltech reversed-phase YMC-Pak C-18 column (10 pum,
20 x 250 mm)2 A&-3}3ic)

ajl
=

2|

N
ﬁ'ux.
HI

Preussia sp.+=25°Co{| 4] 4 g/L malt extract, 10 g/L glucose
2} 4 g/L yeast extract= vjgHE 2 L2 modified yeast-malt-
glucose mediumof| A 30 -2t thAl 7l €] 4-L penicillin flasks
(Duran) = AH510] WebEIodeh. Al RaEE7)E ALE

ato] A A9, 0.45-um filter = ALg-3}0] o] Tha}g] 0.1, o
ol & o a]ao]| Amberlite XAD-20 resin (40 x 8 cm)S &7
3}al, o] FAF 21 2= H,0-MeOH (100:09)| 4 0:100)-2 A&
5h3lom, MeOH (W§H2) 9] =545 =2l AAIE oF3lth
23 column chromatography ¥ of| 2]5lo] Ee]H FE2E5S
0 55715 01 8510] $ulE AT o] AT, 252
4.5 g& AU FEES H0 (1 L= 34531, of 2 obA
Ho] E(EtOAC, 0.5 L, 33))2 0] 8-5}0] EtOAc 2822 ¢S o
ATk EtOAc H38E(1.9 g)-silica gel column (230-400 mesh,
2 kg), CHCI3-MeOH (100:00]|4] 50:50) 2] g-uf 2A 0 7 2]
2 AT, 670 LI RESIESH)ES AT} 22
ES2 (200 mg)+= C18 gel columni} o]F54+2 2 H,0-MeOH
(100:0°14] 100% MeOH) -&i& AH&-3lo] 4719 =72
(ES2R10]| 4] ES2R4) &2 Aot 3}3HE3 35 me)> 28&
ES2R4 2 58| CHCL; 1 & ©]-§-5}o] &M 0] 712 Fej 2 4
Al =] e} 458 ES2R2 (30 mg) =B £5]-8 HPLC )| 4]
RP-18 column®} MeOH-H,0 &3} 8-1lj(60:4001 4] 0:100)&
ALg-5to] B15HE4 (2 mg, tr 85 min) €} 5 (1.5 mg, #r 90 min) S
Z}zF Z2stiet 2k 6 (1.5 mg)> 428 ES3 (50 mg) =
H¥ silica gel column¥} 3-8 HPLC [MeOH/H,O (40:609]]
A1 100% MeOH)| & A1-8-5Fo] A 5151t £2= ES4 (100 mg)
= Sephadex LH-20 gel column (200 g)3} o]5-AF 8-u1l], H,O-
MeOH (90:109]|4] 0:100)2 0] £-5}0] 47] 9] A2 S(ESALI o]
Al ES4LA)ES AQith o]& = ES4L2 W ES4L3+=RP-C18
F254s plates (H,0:MeOH-30:70, UV: 254 nm) £ 0|85} &
AEE-S 31813 t) 3FeHE 1 (8.0 mg) 1 2 (dimerumic acid,
12,0 mg)’= 581 ES4L29} ES4L3 25 E] CHCL-MeOH (1:1)
2 ZA| =] o] 2¥7Fo] =43t S 1l Zh A o] mk-oT] YPEj R A
o] Zth. 3} 7 (adenosine, 1.5 mg)¥} 2 (4.0 mg)+= 453
ES5 (100 g) 2 5-€] WH2-H silica gel column 2 £3]-8 HPLC
[MeOH/H,0 (0:1009]| A4 20:80)] & AR5} E8]51%th

Benzyl 2,4-di(benzyloxy)benzoate (1) : White amorphous
powder, UV/Vis hnax (MeOH) nm (log &): 270 (4.10), HRMS
-FAB: m/z [M + H'] caled for CagH,50,, 425.1753; found:
425.1741,'"HNMR (600 MHz, CDCl;): see Table 1. BCNMR
(150 MHz CDCls): see Table 1.

Dimerumic acid (2) : Amorphous light brown powder, UV
(MeOH) Amay (log €) 215 (3.9) nm, HRFABMS m/z 485.2602
[M + H]" caled (CH37N405), 'H-NMR (600 MHz, D,0) &
5.93[6.22]* (1H, s, J=7.2 Hz, H-7/H-7"), 4.21 [4.21] (1H, d, J
= 8.4 Hz, H-2/H-2"), 3.79 [3.78] (IH, dd, J = 7.2, 2.4 Hz,
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Table 1. "H- and *C-NMR data of compound 1

Position I
& i & S

1 1133,C 1" 136.63, CH 7.25-7.44, m*
2 160.5, C 2" 127.2, CH 7.25-7.44, m*
3 113.3, CH 6.61,d (2.4 Hz) 3" 127.7-128.9, CH 7.2577.44, m°®
4 163.5,C 4" 127.7-128.9, CH® 7.25-7.44, m°
5 101.5, CH 6.58,dd (8.4, 2.4 Hz) 5" 127.7-128.9, CH® 7.2577.44, m°®
6 134.2, CH 7.91,d (8.4 Hz) 6" 127.2, CH 7.25-7.44, m°®
7 165.8,C 7" 70.8, CH, 5.12,s

I 136.68, CH 7.25-7.44, m* I 136.30, CH 7.25-7.44, m°®
2 128.1, CH 7.25-7.44, m* 2m 127.7,CH 7.2577.44, m°®
3 127.7-128.9, CH® 7.25-7.44, m* 3m 127.7-128.9, CH® 7.2577.44, m°®
4 127.7-128.9, CH® 7.25-7.44, m* 4m 127.7-128.9, CH® 7.2577.44, m°®
5' 127.7-128.9, CH® 7.25-7.44, m* 5m 127.7-128.9, CH® 7.25-7.44, m°
6 128.1, CH 7.25-7.44, m* 6" 127.7,CH 7.25-7.44, m°
7 66.5, CH, 5.32,s 7™ 70.4, CH, 5.06, s

Spectra were recorded at 'H (600 MHz) and '*C NMR (150 MHz) in CDCl;. Chemical shifts (&) are in ppm, and coupling constants (J in Hz) are given in
parentheses. The assignments are based on DEPT, COSY, NOESY, HSQC, and HMBC experiments.

"¢Overlapping signals in NMR spectra.

H-10/H-10", 3.73 [3.72] (1H, dd, J = 7.2, 2.4 Hz, H-5/H-5"),
2.40[2.44] (1H,t,J="17.2 Hz, H-9/H-9"), 1.89 (1H, m, H-3/H-3"),
1.79[1.73] (1H, m, H-4/H-4"), 1.85 [2.0] (1H, m, CH3-11/CHs-11"),
BC-NMR (150 MHz, D,0) & 169.9 (C-1), 54.15 [54.18]*
(C-2),30.4 [30.6] (C-3), 21.6 [22.1] (C-4), 47.2 [51.1] (C-5),
166.8 [169.3] (C-6), 117.6 [116.6] (C-7), 147.8 [151.6] (C-8),
40.9 [42.2] (C-9), 59.20 [59.25] (C-10), 17.8 (CH5-11). *Brackets
indicate a minor rotameric peak

Uracil (3) : White amorphous powder, FABMS m/z 113 [M +
H]"; "H-NMR (400 MHz, DMSO-ds) &:5.45 (1H,d,J=7.6 Hz,
H-5),7.39 (1H, d, J= 7.6 Hz, H-6).

Uridine (4) : Colorless needle, UV (MeOH) Ay« (log e) 256
(3.98) nm, 'H-NMR (400 MHz, DMSO-d): & 8.55 (1H, d, J=
8.0 Hz, H-6),5.81 (1H, d, /J=8.0 Hz, H-5), 6.83 (1H, d, /= 4.0
Hz, H-1"),4.92 (1H, m, H-2"), 4.91 (1H, m, H-3"), 4.67 (1H, m,
H-4"), 4.21-4.32 (2H, dddd, J = 2.0, 2.0, 12.0, 12.0 Hz, H-5"),
BC-NMR (100 MHz, DMSO-d): & 152.2 (C-2), 164.4 (C-4),
102.8 (C-5), 131.1 (C-6), 90.2 (C-1"), 76.0 (C-2"), 71.2 (C-3"),
86.8 (C-4"), 61.8 (C-5'), FABMS m/z 244 [M]'".

Adenine (5) : Colorless amorphous powder, FABMS m/z 136
[M+H]", "H-NMR (600 MHz, CD;0D) &; 6 8.06 (1H, s, H-2),
8.02 (1H, s, H-8).

2'-Deoxyadenosine (6) : Colorless needle, 'H-NMR (600 MHz,

=32l A Als4d AllE

DMSO-dy): &1 8.32 (1H, s, H-2), 8.18 (1H, s, H-8), 6.44 (1H, t,
J=6.0Hz,H-1"),4.57 (1H, dd, J=3.5, 3.0 Hz, H-3"), 4.07 (1H,
dd, /=3.5, 3.0 Hz, H-4"), 3.85 (1H, m, H-5'a), 3.75 (2H, dd, J
=3.2,12.0 Hz, H-5'b), 2.82 (2H, dd, /= 3.2, 12.0 Hz, H-2'a),
2.42 (2H, dd, J=3.2, 12.0 Hz, H-2'b), FABMS m/z 251 [M]".
Adenosine (7) : Colorless needle, 'H-NMR (400 MHz, DMSO-
ds): %u8.73 (1H, s, H-2), 8.61 (1H, s, H-8), 6.76 (1H, d, J=6.0
Hz, H-1"), 5.50 (2H, dd, J=3.5, 6.0 Hz, H-2"), 5.07 (1H, dd, J
=3.5,6.0 Hz, H-3"), 4.78 (1H, m, H-4"), 4.15-4.33 (2H, dd, J=
3.2,12.0 Hz, H-5"), *C-NMR (100 MHz, DMSO-d): & 153.4
(C-2), 150.0 (C-4), 121.5 (C-5), 157.2 (C-6), 140.5 (C-8),90.8
(C-1), 75.5 (C-2"), 72.2 (C-3"), 87.8 (C-4"), 63.8 (C-5"), FABMS
m/z 267 [M]".

Nitric oxide (NO) 2t A5

RAW 264.7 T2 A| 3ZE 96 well plateo]] 2 x 10° cells/well
A2 FE R B8k 24 A7 g i oF gk 5, LPS (0.5 pg/ml)
A 2] 1A o] 32 et 5 ==(0, 6.25, 12.5, 25, 50,
100 pg/ml) v 2] 4] zol] H 2|5k LPS H 2] F2024417H 5
A ZE v et o3 Al SZ vl R 100 plE -2 %F9] Griess
A]2H 1% sulfanilamide, 5% phosphoric acid, 0.1% N-(1-naphthyl)
ethylenediamine] ¥} £3}5}9t) o] EJHE-LS A1 L0A] 105
SO ¥Eg-A]7] T}, microplate reader2 ARE-5Fo] 14} 540
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nmollA] B 2519, o} AL Nitrite) % = sodium
nitrite calibration curve (0-100 pM)E Ag-3}o] AA ST

2t o

Preussia sp.2] HEFS: 552 silica 2 C-18 gel column
AzntE vy 2 22t $ YA 9 238 HPLCE A
Algte] 7890 A ES 22 5kt Fig. D).

shetE 12 2M9) 7k P2 fojFl 2w, positive-ion
HRFABMS©J|A] o] £2] [M + H] o] 83} ion& 425.1741
m/zol| A TESIAL o1& AR ANRN425.1753 mi/z, CosHasOy)
3} W] 25}0] CogHoa04 0] EAFA| I E AV S 5513 T 3ot
% 12] 'H-NMR (Table 1) spectrum-2 3}8}4] o]% 2H & 7.91
(1H, d,J=8.4 Hz, H-6),6.61 (1H, d,J=2.4 Hz, H-3), 6.58 (1H,
dd, J=8.4,2.4 Hz, H-5)] o] ] ABX type 2] aromatic system 2}
§:15.32 (2H, s, H-T'), 5.12 (2H, 5, H-7"), 5.06 (2H, 5, H-7")o]| A]
3711 9] oxygenated methylene & 2 &; 7.25-7.44 (15H, m, H-1'
to H-6")o]| A ©+ 2]3}= benzene ringS-& 2]1|3}= 157]2)
aromatic proton5-& eIt PC-NMR spectrum © 25
E] 3}8H4 o] 57k & 165.8 (OC=0)°f| 4] 5}1}2] ester carbonyl
carbon, & 160.5 (C-2)2} & 163.5 (C-4) A|1G S0l A F 719
oxygenated aromatic carbong, [& 136.68 (C-1"), 136.63 (C-1"),
136.3 (C-1")ol| 4] 37l19] quaternary aromatic carbon<s, [ & 66.8

o
4
) (0]
1 /70 7'
2 1 4
(0]
¥
o

0 0 NH,
HN | | NH </N f\N
" PY P
o N N o) ! N HO
H o)
3 ) .

OH OH

Fig. 1. Chemical structures of compounds 1-7.

(C-1'),70.8 (C-1"), 70.4 (C-1")] ]l 4] 3 7] oxymethylene S 2!
b 127.25€ 128.9 (C-2' to C-6")71A] ] 3}6HA] o] 57HER
X E] 15711 9] protonated aromatic carbonS2] AR E L ich
HMBC spectrum& H-7'7F OC=0/C-2', H-7"%} C-2/C-2",
H-7"3} C-4/C-2"& Ato| o] WHEHH-"CAIEA S Ko
], o]+=371€] benzyl 2+-§- 7]50] 212t 511t9] ester bond 2}
= 711 9] ether bond 58 £3}¢] aromatic ring2] C-1, C-2, C-4
Aol AA = o] 5= SJmIskTh(Fig. 2). WA, Skta 1
2 benzyl 2,4-di(benzyloxy)benzoate & § ™ & i T}

sRhE 12 A7 e = & ddA ey
(Tang et al., 2014), 2 Aol A Y& Himalaya 5 E32] 1]Aj
E{(Preussia sp.) 2HE 2o 2 BEa]%Q]ch

235 2 (dimerumic acid)= B2 24 9] 71 e = Hof
.21, positive-ion HREABMS o}| A [M + H] o] 8lg-5}=ion
= 485.2602 m/zol| Al TESIGLAL, o] & AR o] E&of Tttt
CoH3eNy05 2] 2414 W B2}2k8 {52519 ot 315 2 (dim-
erumic acid)©] 'H- 2 *C-NMR spectrum-2- 47]2] methylene
groupE3} 31L}2] oxymethylene group, 3}-+2] methine group,
3 %2} olefin group2 YEM+= & 5.93 (1H, s, J= 7.2 Hz,
H-7)/& 117.6 (C-7)2} & 147.8 (C-8)0l| 41 9] 3314 o] E-4t
£, 1811 5 7} 9] ketone groupE-& 2 ¢ th HRFABMSO]|
A de Bxlardl Bxial o 2 B $13HE 2 (dimerumic acid)
£ ATES o]2T 2 Ao dqEsigon], HIC

HMBC A82 §30] o} S9] 47 TAS Balsheiek. wreb,

11

(0]
OH
0 5 6 /8
: \
HN f OH
NH
HO
N O
NH, NH,
N X
N X N
N
1) A
=
N W Ho N N
o O
6 7
OH OH OH
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------ > 'H-"C HMBC

Fig. 2. Key "H-"C HMBC correlations of compound 1.

sletE 29] L2 &= dimerumic acid®2 E7% 3} TtHLee and
Pan, 2013; Krasnoff et al., 2014). TE3E U X] 57l 2] SHEE
&2 3ok A9 9 B ghake] v]io] ofste] 77t uracil
(3) (Kitajima et al., 1999), uridine (4) (Kitajima et al., 1999),
adenine (5) (Saladino et al., 2006), 2'-deoxyadenosine (6)
(Kitajima et al., 1999), adenosine (7) (Uemoto et al., 1999;
Saladino ef al., 2006) 252 S E %l o0, o]& 6719 3}
SHE T Preussia 452 &2 Sporormiaceae I}o| A 2SS
2 dojHtt ol& & P. ypharum O 2 5E] E2] 5 thiolated
epipolydiketopeperazine @} 2% O & S-A}S} dimerumic acid
(2)+= entomopathogenic fungus Metarhizium robertsii X
Monascus-2r ol 4 B 1 E| Itk Lee and Pan, 2013; Krasnoff
etal.,2014). SFHE 12 313HE2 9 33} 17| Preussia sp. 2] 5
AEo® £ HUAL 3R 12 o7 ] EAdo] Kk
] 9kk o i, SFSHE-2 HH(dimerumic acid) 1} ©] % 2] N-oxidized
SEAEL 3HAES(Yamashiro ef al., 2008; Lee and Pan, 2013),
3oH(Kawada et al., 2010), W X173 2 5 Z-2(Tseng et al., 2016)
22 ggEo] Bl H ok

2 Aol A= SkehE 1Y 2/ o] Tisho] 9] TNl
RAW 264.7 cellso]| 4] lipopolysaccharide (LPS) #| 2]of| 2]3}
o] F-= % nitric oxide (NO) 9] A/J=F AAIE 4513t ©]
-9 nitric oxide A& 243 A1} F o|EF 02 A5}
= 25 Hylon, 53] 3FhE 22 RAW 264.7 Af|22of| =43
= U A] ¢h= 100 mg/m1 9] 5= 2 2] 2] S wf LPS<] 2]
3lo] §-=% NO AAEH63.5 mM) T} H| w8}e] 7.3 mM7EXA]
0F88.5% AA|ot= A& B AL, SFhE 11 5 F=ollA
31.3 mM7HA] ©F50.7% 1A|3H= 210 & UrebehFig. 3). 2
SO 2 o] Halk= 3Rk 1 92w T H F A5l
ek S7HA Q1 A7t e shoharl A7 e w, oo = 3l 4
ot gl HAE A A =0 Y 7|05 & Ao g AlmEHrh

p

=32l A Als4d AllE

(A)

Con. of NaNO, (um)
|

[
I
o
L
L
|

®)

Con. of NaNO, (um)
- 8 & 8

i

I
L
I
I
.

|

Fig. 3. Inhibition effect of compounds 1 and 2 against the NO production
in LPS-stimulated RAW 264.7 cells (A, treatment with 1 + LPS; B,
treatment with 2 + LPS).

X O
- I

ol

WalopAke] = & of| A WA ¥ Preussia sp. 25-E] A5 #l
ZAF-S-E= A benzyl 2,4-di(benzyloxy)benzoate (1)2} 671 2] &
HX SHEE27) o] 2 E Atk AqEdE 2 o RkE
=9 £+ 1D-2-2D NMRA Y] 9 3 gk}o] vl aof o]s}
o] 274 =3} 3HE 2-7- & < 4 Sporormiaceae}o]| A]
Agog dojfiek e B2 79 tAAE RAW
264.7 cellso]| A lipopolysaccharide (LPS) & 2] || &J5}o] G=
H nitric oxide (NO) 2] AT AA & S5l 9 T} &= 1H
72712100 mg/ml 0] 5= 2 2] 2] 35 wff LPSo]| oo -
I NO ABATS 21271 50.7% 9 88.5%7H4] JAoh= A& 2

At

ZALL| 2

H AL X934, KOPRI (PE17100)2] A4S 1t
YAk Aedistu 7 2uet 5 7]7] Qo] Ak BA
A

d, Al A7 H 9] meg ke, ofof A= YTh
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