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Abstract

Lichens are composite organisms consisting of a symbiotic association of a fungus with
a photosynthetic partner (the photobiont or phycobiont), usually either a green alga or
cyanobacterium. According to more recent studies, the biological activities of lichens and
lichen substances include an antibiotic activity, antitumor and antimutagenic activity against
human immunodeficiency virus (HIV), allergenic activity, plant growth inhibitory activity,
and enzyme inhibitory activity. This study screened lichen extracts with a potent in vitro
antifungal activity against plant diseases caused by phytopathogenic fungi. The compounds
were isolated from Stereocaulon alpinum and Sphaerophorus globosus, and their chemical
structures were identified as methyl hematommate, methyl B-orsellinate, 5-hydroxyferulic
acid, sphaerophorin, and 2-heptyl-4,6-dimethoxybenzoic acid by electron ionization
mass spectrometry (EI-MS) and nuclear magnetic resonance (NMR) spectral analyses. In
vitro disease control against Alternaria mali, Cochliobolus miyabeanus, Colletotrium
gloeosporioides, and Verticillum dahliae was evaluated. And among the five compounds, only
methyl hematommate was effective against A. mali, C. miyabeanus, and C. gloeosporioides.
The compounds were isolated from these lichens, which have a similar biosynthetic pathway,
respectively. This is the first report of these compounds being isolated from these lichens.

Keywords: lichens, methyl -orsellinate, methyl hematommate, sphaerophorin,
5-hydroxyferulic acid

Introduction
] 9] H+= X H(algae, photobionts)?} &5 °|(fungi, mycobionts)”} 3/Y5t= SHE AJ
BA 2 AAH R oF 14,000%0] BE5IT 9lon 2 HMBE okg, A&, HAlE A

224 o] Ueto|A] da] o] 851 YrkHur et al., 2003). A 2]Foll A 444
22} tiAHE S oFe] A ZHgo] Hojdt Zlo® A QAL tiEA S 2 ysnic acid
oF 22 JEEL Aol ule 43 HAEZDZ BH6I Xl th(Gabriele and Anthony,

1999, Guzow et al., 2019). =3t X o] F P4 HFo|7} #H|oh= 24 TAFER] sodium
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usnatet= EFFE F L Y+, iecanoric, psoromic, usnic acid FH]E Ao 2 Hio]2{ Aof &S 71HA]
L 7lo2 IdHA 9;!1:]'(Ingolfsdottir et al., 1998, Mayurika et al., 2011, Guillermo et al., 2018, Schinkovitz et
al., 2018). A9 F+= ¥ YA A A Ao A AR o] 52 X AP, 5| QFA] ol A FE] AbE
A1 AAo] FA] Z53F 7|2 oM = AobdE 4 T AA|R 350F o)A A oFE0] F=A
Hhol| A A E, ZFA e A of| A ol F 23t A eH-E TSkl lTh(Huneck et al., 1984). Tundra®t &=0]]
A Z}AYSh= Cladinas, Cladonias, Cetrarias, Thamnolia Vermicularis, Peltigera, Boyoria, Usnea 2] A 2] &+
TEO] A B9 F 9ol 30 - 60%E I, Aol <Jgh vkl F3t 715w A EF A B EGH| S
o @2 Y-S Fth(Mason and Hale, 1983). Z|Loll= 52 F<>(Daniel and Aphael, 2009)L YA A=
a4l o] 9K (Pjovano et al., 2002) 2.2 0]-85}3 1 2™ SO,, NO,2t ozone®ll E0]Z 0.2 Q17}s}t7] ufj&of tj7]| 2
A ZYE ol o] &stAL AtE o] Ao S 22 &4 Y e A/ EE o] -85 1L UtH(Russo et al., 2008;
Mayurika et al., 2011, Guillermo et al., 2018). ©] Y}o| = UmbilicariaZ; #|2]F2] 3t FQ1 Ao]HAl-2 U Eoj
M Hd oz AR S A Aol M= 1g 2] YE E= o= o] 5| 1L 9lof(Li et al., 2008) A
O FERE oot A B4 A7E s 1 Qo F=o] AR, xR, AL v E 22 I3
9] 2tAgt o]l &gt Al = FEA = AH4lRte] £ES thAP & WA 710 R Sksi gttt o] & A
EAoA FEE A2 2 PAR AEFAY AFEolBE M= Aeg/d a7t ok F3ke] g0
A RBEA 2 stola B S41E 7Hs ot obe 22 UA B B4+ 29| /FFAdo] =11 A oA =
ggdo] =of ot A 7HA] L A A] 2 =& SRS S 4= 7] wiFol Fakek g2 7FA] AL Q)
o} ololl gk A A v 71} & = A= EE &
)9 2384 o]gsto], F=9 o7&, AR
AeEHEEL2 /7193 el Histo] Zidu|8o] Wil O g3t dejdojn, e <t =
7] wiZoll 22 kA 7ol QlofA -8 T 0 & AA|E| L T} Tt X[ o] R R RE Thget WAL
2485 g5t A2 M2 sehEo] TS S 555 lead compound S A 3-$Hh= Mol M= 2 2
2pal AJZtE]o] |4 itk 2 oAM= F=olA AFH S A F FEEEREH FHEEEL S 25t
shettx2 & Aot A 2 29| o] & 7HsAd & A EstaLA} gttt

2 o
ST

Materials and Methods

SA X2l

]

A A 2] & Stereocaulon alpinum®t Sphaerophorus globosus+= <=3 tstul 2] o] F-2-8of| A £ dho} A}

Al 717]
GAEZR = 4 &R & o) AFE-SF n-hexane, chloroform, EtOAc, MeOH, n-BuOHS 2] 80+ =U]
A 4=2K(18 L, Sanmchun pure chemical Co., Ltd., Seoul, Korea) A& HA|5HA] &1l AF23FI T Nuclear

magnetic resonance (NMR)-& &0+ CD,0D (Merck, Darmstadt, Germany), DMSO-d, (Sigma-Aldrich, St.
Louis, USA) 2 CDCI, (Sigma-Aldrich, St. Louis, USA)S AF&35}%1 2™, HPLC -2 & AR&3F MeOHS &
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25 A5t AHE-5HITE Flash column chromatography-8- silica gel (70 - 230 mesh)2} 2418 silica gel
thin layer chromatography (TLC, Kiesel gel 60F254 (0.25 mm), Merck, Darmstadt, Germany)S AH-&-5+% T}
HEA Al 10% H,S0, ¥ vaniline-H,SO, 5 AH8-5F1 T} High performance liquid chromatography (HPLC)
+= LC900 series (JASCO, Tokyo, Japan)/UV detector, medium press liquid chromatography (MPLC)+= Combi
Flash (Isco, Nebraska, USA), fraction collector (model 704, Varian, Palo Alto, USA), electron ionization mass

spectrometry (EI-MS)+ Hitachi M-80A (Hitachi, Tokyo, Japan), NMR spectrometer JNM-AL400 (400
MHz/100 MHz, JEOL Ltd., Tokyo, Japan)= AF&5F21tF NMR ] internal standard<= tetra methyl silane (TMS)
£ AH85F3 .9 H, chemical shift= ppm (8) 2= LWEHARITH

AN 1Y
A Aol ARESH At A Y YA W (Alternaria mali), R ¥ (Verticillium dahliae), B 71
M| L9 o(Cochliobolus miyabeanus), B7] ©t4 ¥ (Colletotrichum gloeosporioides)< =78 -3-8-A+-

A n Y=L AIE 9] Figo], & Fofol| A FF Hrol AR8-5F]I T

A o] Foll A 22 dt 571A] 3HHEE 432 A A B Yol thoto] in vitro T 4 AR EZ AAISHA
o} 7} A EH Y2 PDA (potato dextrose agar) HJA| S ©]-8-5}0] 25°C incubatorol| 4] 3Y 7t v Fstal PDB
(potato dextrose broth) HjZ|of] Y& 0] 25°C shaking incubator®l| 4] 3 v & B FH Al ZH Y2 blenders
o|-&sto] mpaf| & IAHIZ| Q] 0.1% =2 FZotATE FSH LA | o] A& FollA et 22 7t

1,000 ppm 2.2 A5+ paper diskoll S2HA1Z] & AAHRR] Aol 2]/d5taL 3Y 5SF incubatorol| A BIF
Aol S-S SHskA

O
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Stereocaulon alpinum2Z5E 2% 22|

Stereocaulon alpinum 10.05 g2 3HITF2] 80% aq. MeOHOl| |5t A 20X 72A|7F &350, =
Z°-2 Whatman NO. 4 o Z}A](Whatman, Maidstone, UK)Z {1} & 7 5F7]|2 40°Col| A 5F5+]
1.81 g9 MeOH 2 E& At} o] B ES CHCL, : MeOH (9 : 1, v/v) &1

chromatographyS A A] & TLC 2A40f oJ3l 479] &2 Ut} & E F Sa2, Sa3S prep-HPLC
MeOH : H,O (75 : 25, v/v, UV 254 nm) °]54} Sz 715lo|A B2 B & A A5+ 2. fraction collector
£ 0]85}9] 300 drops?] £F5+2] compound 1 (15 mg), compound 2 (10 mg), compound 3 (10 mg)S &&|5}k
% tH(Scheme 1).

27O = silica gel column

Stereocaulon alpinum (10.05 g)

— Soaked in 80% MeOH

— Evaporated in vacuo

— Silicagel column chromatography (1.81 g)
(CHCl3: MeOH/9 : 1— MeOH 100%, v/v)

Sal Sa2 Sa3 Sa4
— Prep-HPLC column chromatography — Prep-HPLC column chromatography
MeOH : watet/75 : 25 MeOH : water/75 : 25
! |
Compound 1 Compound 2 Compound 3

Scheme 1. Isolation of active compounds from Stereocaulon alpinum.

Sphaerophorus globosus25E| 2% 22

Sphaerophorus globosus 10.11 g2 38]%F2] 80% aq. MeOHOl| 72A|17F Al 20f| 4 ZA|gt & of7}5}ct =
Z %2 Whatman NO. 4 oA 2 o2} & 7} 55 7| 2 40°CollA 5F510] 1.52 g2 MeOH FEE5 AU
™M, o] &5 CHCI, : MeOH (9 : 1, v/v) 21271 O 2 silica gel column chromatographyS A A|$F & TLC
24 0] o5l 472] B EZ LRt a7e] B&E F Sg2& prep-HPLC MeOH : H,0 (75 : 25, v/v, UV 254
nm) °| 5/ SujR7Asto|A 22 B85 A A5 2T fraction collectors ©]-85+] 300 drops?] £%]51o]

compound 4 (10 mg)2} compound 5 (8 mg)E &2 5+ th(Scheme 2).

Sphaerophorus globosus (10.11 g)

__ Soaked in 80% MeOH

__ Evaporated in vacuo

| Silica gel column chromatography (1.52 g)
(CHCl3: MeOH/9 : 1— MeOH 100%, v/v)

| X | |

Sgl Sa2 Sa3 Sa4
‘_ Prep-HPLC column chromatography (MeOH : water/75 : 25)
|
Compound 4 Compound 5

Scheme 2. Isolation of active compounds from Sphaerophorus globosus.
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Results and Discussion

stsiA

oL==20

2] o] Fol| A B35t 5712] FFES in vitro BAS AAISH A1} compound 104 FUE I F-S A 95t
Atz AR YA o, ¥ AN T Y, B 7] B s ol A A3l ZAJ-S LEFH AT Compound 2, 3, 4, 5=
BE FAlatol thet A8l Z/g o] LELA] §E kT (Table 1).

Table 1. In vitro antifungal activity of compounds isolated from lichen against five phytopathogenic fungi.

Phytopathogenic fungi
Chemicals Conc._l . . C . Cochliobolus Colletotrichum
(mg/mL"™) Alternaria mali Verticillium dahliae . O

miyabeanus gloeosporioides
Compound 1 1,000 1 NI 1 1
Compound 2 1,000 NI NI NI NI
Compound 3 1,000 NI NI NI NI
Compound 4 1,000 NI NI NI NI
Compound 5 1,000 NI NI NI NI

L, inhibited at a concentration of 1,000 mg-mL"; NI, not inhibited at a concentration of 1,000 mg-mL".

7528

Compound 1

Compound 12] EI-MS spectrum 4 A3} (M + 1)" 211, (M - 1)’ 209 m/zE2 T& = o] Bx}&Fo] 2109 &
Q15+t "H-NMR spectrum 4] A3}, 2.49 ppm (3H, )0l 4] aromatic ring®l] Z8t= 0] 9+ methyl group2]
proton peak”} LFEFSEIL 3.94 ppm (3H, s)°ll 4] methoxy group2] proton peak”} 2= 2™, 10.30 ppm (1H,
s)°l 4] aldehyde proton peak”} Q1% ATH Table 2). 0] S TAHZE =34} (Hiserodt et al., 2000)2} H| 1 5}of
compound 19] 8tst1Z 5 B4 C,H,,0;5 (mol weight [M.W]: 210)Q! methyl hematommate = Z 5} Tt

Compound 2

Compound 2+ =3t o] A% e 2 2| %]l 9™ EI-MS spectrum =7 23 (M + 1)'197, M - 1) 195
m/z2 FFE o] BxtEFo] 19692 &I 'H-NMR spectrum £4] 23} 2.45 (3H, s), 2.10 ppm (3H, s)
aromatic ring®] A& % o] U+= methyl group2] proton peak”} Q1= 131 3.92 ppm (3H, 5)°l| 4] methoxy
group?| proton peak”} LA™, 6.21 ppm (1H, s)°lA] aromatic proton peakS 215} TH(Table 3).
PC-NMR spectrum 24123} 172.75 ppm (C-8)°11A4] carbonyl carbon peakS Q18+ 163.19 (C-4), 158.2
(C-2), 140.2 (C-6), 110.58 (C-5), 108.58 (C-3), 105.16 ppm (C-1)°|A] benzene ring®]l 7]Q15}= carbon peak
7} 2 219109 51.79 ppm (C-10)° A4 methoxy group2] carbon peak 7} ¥H2HE] At} T3+ 24.01 (C-7), 7.56
ppm (C-9)°1| 4 methyl group2] carbon peaks Q15T o] & ZTAHZ FHZH(Schinkovitz et al., 2018)2} H]
15} compound 298] SFeFL R E BAFAIC,H,,0, (M.W: 196)Q] methyl B-orsellinate 2 2 A 5H3i T
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Compound 3

Compound 32] 'H-NMR spectrum 24123} 6.78 (1H, d, J = 2.0 Hz), 7.12 ppm (1H, d, J = 2.0)°A] F=7+
ol meta®] X & SFIL 3l aromatic proton peakS RISIA L, 6.22 (1H, d, J = 15.7 Hz), 7.88 ppm (1H, d, J =
15.7 Hz)oll A “$S7tol| trans Z3HSE 27H2] olefinic methine proton©] &= AT}, TESF 3.91 ppm (3H, s)°llA]
methoxy group2] proton peak S RIS} o] & HIEF O Z compound 39| 3F8FL 25 5-hydroxyferulic acid
(C,oH,,05 [M.W: 210)) 2 AA 5} T}

Compound 4

Compound 49| 8}st3L2 = "H-NMR} "C-NMR spectraZ- 3jA45t0] 275ttt 'TH-NMR spectrum &
A] A3} 3.85 ppm (3H, s)°l| A methoxy group2] proton peak, 6.39 (2H), 6.76 (1H, d, J = 1.9 Hz), 6.66 ppm (1H,
d, J = 1.9 Hz)°l| 4| aromatic proton peak”} ¥ At 23 0.89 (3H, t, J = 6.8 Hz)l|A] methyl group2]
proton peak, 2.64 (3H, s)°llA] benzene ring®l| Z &St methyl group2] methyl group2] proton peak, 3.02 ppm (2H,
m)°l| A benzene ring®l| 23St methylene peak”} &= AT}, 1.31 ppm (8H, m)°ll A 47]2] 173 methylene
9] peak, 1.64 (2H, m)©l| 4] methylene peakS 215+ Th "C-NMR spectrum 2423} 55.07 ppm (C-16)°1 A
methoxy group2] carbon peak, 169.9 ppm (C-7)Z} 174.88 ppm (C-14)°1 A ester group2] carbonyl carbon peak
7} B9tk 164.65 ppm (C-2), 164.92 ppm (C-2"), 154.65 ppm (C-4)0l| 4] AAof] 173} benzene ring2)
carbon peak”} THE Q1T 98.61 (C-3'), 103.91 (C-1'), 108.33 (C-1), 108.70 (C-3), 111.67 (C-5'), 115.98 (C-5),
143.20 (C-6'), 149.72 ppm (C-6)°llA] benzene ring®ll 7] 1S}= carbon peak2} 22.24 (C-12), 24.22 (C-9), 28.68
(C-10), 29.33 (C-8), 31.40 ppm (C-11), 36.17 ppm (C-7)°II 4] 67H2] methylene carbon peak, 13.68 ppm (C-13)
ol A methyl”7] & &RI5IAL} o] & ZAZE 3 ZH(Elix et al., 1994)7} H] 15} compound 45 sphaerophorin
(CysH,40, [M.W: 416]) 2.2 ZAA 5}

Compound 5
Compound 59—] SR E S A5t7] 95 NMR spectrum= 245 23} compound 59 2=
compound 45 F& FRE ZH1 915 A0 2 of| =3It 'H-NMR spectrum 24 23} 3.97 (3H, s), 3.85

ppm (3H, 5)01]/\-] methoxy group2] proton peak, 6.39 (1H, d, J = 1.9 Hz), 6.47 ppm (1H, d, ] = 1.9 Hz)o| A 4 Z
Zt2] meta couplingstal Q1= aromatic proton peak”} IHZE]| AT} 0.87 ppm (3H, J = 7.12 Hz)OllA] methylene
group}t Z 3 methyl group2] proton peak, 1.25 ppm (10H, m)°ll 4] 57§ 2] methylene proton®] peak”} %55
o] = At S 2.46 ppm (2H, m)Ol| A benzene ring®l] 2 &St methylene proton peakS 2151t} o] &
< Z compound 55 2-heptyl-4,6-dimethoxybenzoic acid (C,;H,,0, [M.W: 280]))2.2 545} % t}.

2 Aol Zesto] 127 58 H SE(Fig. 252 R T HE A RolM e 2elE v o &
Aol A ARERE o] Foll M= A5 = oH, 22 AP FEE FHEJS AoE 54
H IFEEY 3t 24 0] Wil thgst &/ o] Bk o] Qlo} 7|dof vlx|+= &
&t S o] & IFEE2 AAYE Al A FTHHA] &2 A o] FollA Bel7) & oL

g F ol k= A7 Qo 2 A9t o] 2HehE&-2 vl 4]
O 7 Hol g% o] 35hE Y Ot R A5 A5 -2/ uA Q] A7gol T

£
o

__lfl__
L=
o]

o

T

el

§9 F:Ll

Mo o

e oo

24
7]
s

15}

ox.
o ol

oX.
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M
ol
oQ
1o
ot
[u?
N

mEﬁL

o
Rl

3]
3}

Korean Journal of Agricultural Science 47(1) March 2020 188



Isolation and structure elucidation of antifungal compounds from the antarctic lichens, Stereocaulon alpinum and Sphaerophorus globosus

Table 2. '"H-NMR spectral data of compound 1 - 5.

Position ~ Compound 1 Compound 2 Compound 3 Compound 4 Compound 5

2 - - 6.78 (1H, d, J=2.0 Hz)" - -
3 - - - 6.76 (1H,d,J=19Hz)" 6.39(1H,d,J=2.2Hz)
5 6.30 (1H,s)* 6.21 (1H,d,J=2.1 Hz)’ - 6.66 (1H,d,J=19Hz) 6.47(1H,d,J=2.1 Hz)
6 - - 7.12 (1H, d, J=2.0 Hz) - -
7 249 (3H,s) 2.45(3H,s) 7.88 (1H,d,J=16.0 Hz) 3.02 (2H, m) 2.46 (2H, m)
8 - - 6.22 (1H,d,J=16.0 Hz) 1.64 (2H, m) 1.62 (2H, m)
9 - 2.10 (3H, s) 3.91 (3H, s) 1.31 (2H, m) 1.25 (2H, m)
10 3.94(3H,s) 3.92(3H,s) - 1.31 (2H, m) 1.25 (2H, m)
11 10.30 (1H, s) - - 1.31 (2H, m) 1.25 (2H, m)
12 - - - 1.31 (2H, m) 1.25 (2H, m)
13 - - - 0.89 3H, t, J = 6.8 Hz) 0.87 3H,t,J=7.12 Hz)
15 - - - 2.64 (3H, s) 3.85(3H,s)
16 - - - 3.85 (3H, s) 3.97 3H, s)
3 - - - 6.39 (1H, d, J=1.9 Hz) -
5' - - - 6.39 (1H,d, J=1.9 Hz) -

s, singlet; d, doublet; t, triplet; m, multiplet.

“ Proton signal multiplicity and Coupling constant (J = Hz) are parentheses.

Table 3. “C-NMR spectral data of compound 1 - 5.

Position Compound 1 Compound 2 Compound 3 Compound 4 Compound 5

1 104.20 158.20 126.40 108.33 115.32
2 168.26 108.58 105.69 164.65 163.75
3 108.46 163.19 145.66 108.70 100.90
4 166.64 110.58 135.88 154.65 167.33
5 112.11 140.20 149.56 115.98 102.27
6 152.26 105.16 106.25 149.72 141.83
7 25.09 24.01 145.66 36.17 33.36
8 172.10 172.75 114.13 29.33 26.44
9 193.65 7.56 55.07 24.22 31.11
10 52.32 51.79 168.92 28.68 29.71
11 - - - 31.40 29.42
12 - - - 22.24 22.37
13 - - - 13.68 14.15
14 - - - 174.88 169.20
15 - - - 19.40 55.31
16 - - - 55.07 56.63
I - - - 103.91 -
2' - - - 164.92 -
3 - - - 98.61 -
4 - - - 166.21 -
5' - - - 111.67 -
6' - - - 143.20 -
7' - - - 169.90 -
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o HO (0]
=
OCH3 OCH3
7
HO OH HO OH
CHO 1 2 C 3
HO OCHj,
13 OH
o)
7 o)
OH
OH
OH
H3CO OCH3,
16
H3CO 4 5

Fig. 2. Chemical structures of compounds 1 (methyl hematommate), 2 (methyl B-orsellinate), 3 (5-hydroxyferulic
acid), 4 (sphaerophorin) and 5 (2-heptyl-4,6-dimethoxybenzoic acid) isolated from lichens.

Conclusion

Aojgi 2R ot TG SUH ABA| B f71A2 Aol FolH WAL 13 23 DAL
EE2INEE, 2T EA. T 3 A& A

2 A e}, & Aol A= F= 2] 2] F-91 Stereocaulon alpinum Xt Sphaerophorus globosus 5% & = 5-E]
5%20] 22F tiAMHE S EEl5to] et 25 S5k, A= Yt Alternaria mali, Cochliobolus miyabeanus,
Colletotrium gloeosporioides, Verticillum dahliae TSt Asi&/d-& HESIUE Bt shtE52] shshx
+ EI-MS&} NMR spectral dataS #4]5}0] methyl hematommate, methyl [3-orsellinate, 5-hydroxyferulic acid,
sphaerophorin, 12| 11 2-heptyl-4,6-dimethoxybenzoic acid = 575} T}
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