CHAPTER II

HISTORICAL

of these compounds arg ACSCEBEd 2

1.1 Sterols 7 -

Sponges wea the’ @Sy inveriebrates Shown to contain sterols other than
cholesterol. In light o
has been investig

x. -, & crois, their use in chemotaxonomy

any years the carbon range of
sterols extended fromg ut discoveries of a norcholesterol

and of baikalostero Al b 1- onge sterols from C, to Cy, (Kerr
and Baker, 1991). Fof Palrosi@ St i"{ nge of their sterols varied from C,¢

to Cy). The most intriguifEfeature ¢'presence of cyclopropanes, such as
ia ficiformis (Mattia et al., 1978; Ravi et
i lgnecholesterol (2) (Proudfoot
and Dijerassi, 1981}, 23, 24-dihyc 3\ £ ficiformis (Siedel, Proudfoot
and Dijerassi, 193& ct—pet besigitol (5) and 23, 24-dihydro-Sa:-
calystanol (6) from hebes (Cho and Djerassi, 198
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Also, alkylationcomid oe: of the cholesterol side chain (Ca2-

Ca7). For example: fiICISICIOLET) had a Z3-CIh /I"Zroup, norficisterol (8) (Khalil et al.,
1980) and (24R, 25K)- )"'{/ mmethylche hﬁ-'ﬂr dien-3 -0l (9) (Khalil, Djerassi

and Sica, 1980) had
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Other unconventional sponge sterols included A329 sterols (9) of P. ficiformis
(Khalil, Djerassi and Sica, 1980) and 58-stanols such as coprostanol (58-cholestan-
33-0l) (10) of P. ficiformis (Seidel, Proudfoot and Djerassi, 1986).

The most 4
polyhydroxylated s ,
isolated from P. weini®raf - &
and orthosterol disfilfay
1991).

Ofia spp. were the sulfate esters of
ivities. These compounds were
A (11), B (12) (Sun et al., 1991),
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active in vitro against feline
leukemia virus {FELV : i zspectively). Only weinbersterol
disulfates A showed"acr#i AgaIns] ?‘- odeficiency virus (HIV) (ED4,
= 1.0 pg/ml) (Sun et &%, JO91 )} 4% thest \~\ silfates A, B and C showed acuvity
against FELV, mouse influei mouse corona virus (A59) (Koehn,
Gunasekera and Cross, 199 about the sterols of the Perrosia were

SN
summarized in Tablg

Table 1 Sterols from P

Carbon ﬂ“gu ﬂ_q_mj ﬁﬂw i Source *Ref.
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Table 1 (continued)
Carbon range Structural formula Source *Ref.
C-27 P. ficiformis| 3
‘ a .Y
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L4 [ d P. hebes 2
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Table 1 (continued)
Carbon range Structural formula Source *Ref.
C-27 P. hebes 2
C-28 P.ficiformis | 3
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Table 1 (continued)
Carbon range Structural formula Source *Ref
C-28 P. ficiformis | 3
C-29 P. contignata | 1
:I e !
i =Y Y] “wil
o> AUBANUNTNEINT | 2 feems |22
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Table 1 (continued)
Carbon range Structural formula Source  |*Ref.
C-29 P. ficiformis| 2, 3
P. hebes
C-29 P. ficifermis | 3
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Carbon range Structural formula Source *Ref.
C-29 P. ficiformis | 3
C-29 P. hebes 2
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Table 1 (continued)
Carbon range Structural formula Source |*Ref.
C-29 P .hebes 2
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Table 1 (continued)
Carbon range Structural formula Source *Ref.
C-29 P. hebes 2
C-30 P. hebes 2
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3 Seidél, Proudfoot, and Djerasm 1936
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1.2 Fatty Acids
Most of fatty acid

fatty acids from the sponge. Pefasia fi
acids contained s{réig 41022

rosia were unbranched acids except some
is (Ayanoglu et al., 1982). Typical fatty
: Vg whereas these demospongic
acids contained 5 FCATpons . mese compounds were shown in

Table 2, E

Table 2 Fatty acids infPegrosia spp. aJ

a Nanm Y **Ref.
D1/ DI
Y. , Ilaﬁe]t;llﬁdlxﬂoui-:lﬂl:ﬂ) 4
P. pellasarca, P. ficiformis, Petrosia sp. Tetradecanoic (14:0) 1,34

P. pellasarca, P. ficiformis, Petrosia sp. |4,8,12-Trimethyltridecanoic (16:0] 1,3,4
P. pellasarca, P. ficiformis, Petrosia sp. 13-Methyltetradecanoic(i-15:0) | 1,3,4
P. pellasarca, P. ficiformis, Petrosia sp. 12-Methyltetradecanoic(a-15:0) | 1,3,4

Petrosia sp. Pentadecanoic (15:0) 4
P. pellasarca, P. ficiformis, Petrosia sp. 14-Methylpentadecanoic (i-16:0)| 1,3,4
P. pellasarca, P. ficiformis, Petrosia sp. 9-Hexadecenoic(A%-16:1) 1,3,4

Petrosia sp. 11-Hexadecenoic(16:1) -
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Table 2 (continued)
Source Name **Ref.
P. pellasarca, P. ficiformis, Petrosia sp. | Hexadecanoic(16:0) 1,3,4
P. ficiformis, Petrosia sp. 15-Methyl-9-hexadecanoic 1,4
(A9-i- -17:1)
Petrosia sp. Methylhexadecanoic(17:0) 4
P. ficiformis | ” ) Methylhexadecanoic 1
P. ficiformis, Petrosia Spe, 5 Nethylhexadecanoic(i -17:0) | 1,4
P. ficiformis, Petrosia Sp. e 1a=Wethylhexadecanoic(a -17:0)| 1,4
Petrosia sp. ~\\"‘\{\\~; v-5-hexadecenoic (16:1)| 4
Petrosia sp. @ecenoic(A9-17:1) 4
Petrosia sp. ' '.- \\\;:\‘\ scenoic(al 1-17:1) 4
P. pellasarca, Petrosi. ’h \\\\\, oic(17:0) 3,4
P. pellasarca : ; Ci nnic{&g-lﬂ 1) 3
P. pellasarca, P. ficif i ._ ‘)\. ctadecenoic(Al1-18:1) 1,3,4
P. pellasarca, P. ficiforyl isia spu] Oc A anoic(18:0) 1,3,4
P. pellasarca, Petrosia sp 3 hyloctadecanoic(19:0) 3,4
P. ficiformis . 1-Methyloctadecanoic(19:0) 1
Petrosia sp. fethyloctadecanoic(i -19:0) | 4
Petrosia sp. o —— wadecenoic(19:1) 4
Perrosia sp. E : ..‘ ic(19:0) 4
P. pellasarca, Pe:ro.m sp. 8,11, 1 Emosatermcnmc{iﬂ 4) 3.4
Perrosia sp. 8,11,14,17-Eicosatetraenoic(20:4)] 4
Petrosia sp. ﬂ u El ’J ‘Vl EJ V] ‘ﬂ’?!l @?mc@ﬂ :0) 4
P. pellasarcaQetrosia sp. icOsanoic 3.4
Perr, i-21:0) 4
184N 304 WSRERY |-
Petrosth 13-Heneicosanoic(Al3-ai -21:1) | 4
P.fi c;,l"'onms 7,13,16-Docosatrienoic
(A7:13,16.22:3) 1
Petrosia sp. 4,7,10,13,16,19-Docosa-
hexaenoic(22:6) 4
P. pellasarca, Petrosia sp. 7,10,13,16,19-Docosa-
tetraenoic(22:4) 34
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Table 2 (continued)
Source Name **Ref.
P. ficiformis 24-Metyhl-5,9-pentacosadienoic-
(A3:9-i-26:2) 1
Perrosia sp. Docosanoic(22:0) 4
Petrosia sp. 2-Hydroxydocosanoic(22:0) 4
Petrosia sp. Ny }-Methyldocosanoic(i -23:0) 4
Petrosia sp. o asancic(23:0) 4
Perrosia sp. . ' racosenoic(24:1) 4
Petrosia sp. ‘Va- cosenoic(24:1) 4
Petrosia sp. | senm{:(Zti 1) 4
P. ficiformis . . A - docosanoic(24:0) 1
Petrosia sp. ' | sanoic(24:0) 4
Petrosia sp. @ 28 PN nacos noic(25:1) 4
P. ficiformis hyltricosanoic(25:0) 1
Petrosia sp. _ # Heéxacosadienoic(26:2) 4
Petrosia sp. , — £-Blomo-5,9-hexacosadienoic
6:2) 4
Perrosia sp. v xacosenoic(26:1) 4
Petrosia sp. ——— .k noic(26:1) 4
Petrosia sp. i =‘e}-— 01c(26:0) 4
Petrosia sp. 0-Hepitdcosadienoic(27:2) 4
Petrosia sp. 2y 6-Bromo-5,9-heptacosadienoic .
ﬂ‘lJEl’J NENINEIN S :
Perrosia sp. q) eptacosenoic(27:1) 4
Petr. 4
bR 89N 7 UL giaticiiai= TR
P peﬂ’ arca 24-Methylhexacosanoic(ai -2'?'{}} 3
P. ficiformis Z,Z-25-Methyl-5,9-hexacosa-
dienoic (A9 -i -27:2) 1
P. ficiformis Z,Z-24-Methyl-5,9-hexacosa-
dienoic (A9 -ai -27:2) 1
Perrosia sp. 5,9-Octacosadienoic(28:2) 4
Petrosia sp. 5,9,23-Tricontatrienoic(30:3) 4
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Table 2 (continued)
Source Name **Ref.
Petrosia sp. 6-Bromo-5,9-octacosadienoic
(28:2) 4
P. hebes, P. ficiformis (5Z,9Z)-6-Bromo-25-methyl-5,9-
hexacosadienoic(A3:? -i -28:2) 2
P. ficiformis ,9Z)-6-Bromo-24-methyl-5,9-
_.-:__,‘ gosadienoic(A>? -ai -28:2) | 2
F. pellasarca o OSOETaCosenoic(28:1) 3
P. pellasarca anmc(ZS 0) 3
P. pellasarca Yloctacosanoic(i -29:0) 3
P. pellasarca acosanoic(ai -29:0) | 3
P. pellasarca h \‘ Jsanoic(29:0) 3
P. pellasarca ; 7 \ \- tadienoic(30:2) 3
P. pellasarca - 1agontanoic(30:0) 3
P. pellasarca F ] e contanoic(31:0) 3
P. pellasarca = fiacontanoic(32:0) 3
P. pellasarca — 9,22,25,28,31-Tetratriaconta-
noic(34:5) 3

va

** Ref.: 1 Ayanoghserats 1982 Y
2 Wijeko lh":, Aye J
3 Carballeifajand Reyes, 19 m
4 Carbielleirs and Shalabi, 19'93

1.3 mdﬂlﬂuﬂqwﬂﬂjw3’]ﬂi

Carbaftkira and Shalabi, hB‘S'E investi atr.d six aldeh}r es from the caribbean

dcc?mam mmmﬂﬁgﬂﬂ liliiiﬁic:i;

(26:1).

1.4 Alkaloids
There were a few papers about alkaloids from the genus Petrosia. The
ichthyotoxicity of Petrosia seriata was associated with a group of at least eight
alkaloids. Two new bis-quinolizidone alkaloids, petrosin-A (16) and petrosin-B(17),
had been shown to be stereoisomers of petrosin (18) (Faulkner, 1986). The other
alkaloid isolated from the marine sponge Petrosia sp. collected at Belize was
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petrosamine (19). It was a novel pigment which showed antimicrobial activity against
Staphylococcus aureus and Bacillus subtilis. The colour of the pigment petrosamine
was dependent on the polarity of the solvent and varied from blue to purple and green
(Molinski et al., 1988).

19

mﬁm S WU S s genus Perosia were

summar:z.ed Table 3 :ncIudm.g other acctLEmc compuunds from other marine

Pemﬁfaﬁﬁﬁwm W"TVTEI“’T’&“E]“‘ from the genus

1.5 hcct}'

The number of acetylenic compounds found in marine organisms which
structures were known todays is about seventy compounds. Some of these
compounds had previously shown a variety of biological activities such as
antibacterial, cytotoxic, and enzyme inhibitors (Bourguet-Kondracki et al., 1992).
Acetylenic compounds are divided to five groups by their structures as the
followings:



1. Straight chain acetylenes
These compounds are composed of carbon ranging from 9 to 55 atoms.
Most acetylenic compounds are members of this group. However, some
compounds have substituted groups such as halogens (bromine or chlorine), keto
or enol groups, acid or their esters. Consequently, the straight chain acetylenes are
divided to three groups by their substitution as described in Table 3.

2. Acetylenes with one or mig Hj / rppyran rings.
There were unly 3 : / ‘/ S _group. Four compounds (20-22)

were isolated from S daet¥Prela (Mc Donald et al., 1975;
Vanderah and Schn : and Shelly, 1981). The others
(23-26) were isolated cula (Wright et al., 1993).
Their names and strucuf€s
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3. Acetylenes with pyridine zing\

There were three coi ‘ Siftyne A (27) , Niphatyne B (28)
isolated from the sponge'Niphaias sg uineoaanitl Crews, 1987) and Xestamines
A (29) isolated from X ' averiSakemi, Totton and Sun, 1990).
Their structures are shg

4. Acetylenic glyceryl ethers

23

Two diyne enol ethers: 3-{[1Z)-7-hydroxy-13-methyltetradeca-1-ene-3,5-

diynyljoxy }-1,2-propanediol (30) and 3-{[1Z)-7-hydroxy-hexadeca-1-ene-3,5-diynyl]
oxy}-1,2-propanediol (31) were isolated from sponge Petrosia hebes. Both of them
were not significantly cytotoxic (P-388, ID50's >6 and >11 pg/ml, respectively) (Perry
et al., 1990).



¢ spiobtusenyne (31) from Sea Hare
Aplysia dactylomela (Gpi€hane Sch Shelly, 1981) that differs from
other acetylenes. The strug :

Tganisms Were reported to have a

\ : " oty * ;
variety of biological activitiés. e mést interesting@éompounds were
oI TP DA Vi T id B e soves
activityl as HIV-1 protease inhibition at IC50 = 6-12 pM (Patil et al., 1992). Most
activities of these acetylenic compounds were antimicrobial and cytotoxic. Other

activities of them were antifungal, ichythyotoxic, and enzyme inhibitor. The total
biological activities were summarized in Table 4.

24



Table 3 Summary of straight chain acctylenes

Name and/or Structural formula , — Ar SONICE. Reference

1. Ordinary acetylenes

Aiello, Fattorusso and
Menna, 1992
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Table 3 (continued)

Name and/or Structural formula

2. Oxygenated acetylenes

H, H

I
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Reference

St

i
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F'TUEJ’J‘VIEI

c Cnbrachafma vascilum

'VI?W BN

Qﬂﬁﬁﬂﬂimﬂﬁﬂﬂmﬁﬂ

Aiello, Fattorusso and
Menna, 1992

Aiello, Fattorusso and
Menna, 1992

Aiello, Fauorusso and
Menna, 1992
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Table 3 (continued)

Name and/or Structural formula

HO, H Hy
L CH,
c
HC? 8

39

CH,

HO, H
", CH,
C
HC?
12 43
40

T CH

ey " :
SN] -
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Reference
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FJWI’J’/]EJ'IQEJ

Aiello, Fattorusso and
Menna, 1992

Aiello, Fattorusso and
Menna, 1992

Aiello, Fattorusso and
Menna, 1992
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Table 3 (continued)

MName and/or Structural formula

Reference

Cribredhalina vasculum

Aiello, Fattorusso and
Menna, 1992

Aiello, Fattorusso and
Menna, 1992

Cimino and Stefano, 1977
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Table 3 (continued)

Names and Structural formulae

References

45 18-Dihydrorenierin-1

46 Debrorenierin-|

ﬂuﬂawﬂn%Wﬁﬁﬁ?
R8N imwmawmaﬂ

47 Renierin-2

Cimino and De Stefano,
1977

Cimino and De Stefano,

1977

Cimino and De Stefano,
1977
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Table 3 (continued)

Name and/or Structural formula

48 18-Hydroxyrenierin-2

OAc

\’7 -

H Toac

49 Caulerpenyne

Reference
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Cimino and De Stefano,

1977

Amicoetal, 1978
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Table 3 (continued)

’ =

Name and/or Structural formula ‘

Reference
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Paul and Fenical, 1980

Castiello et al., 1980
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Table 3 _(continued)

Name and/or Structural formula

OH

R +R2 0 CnHZn 4
56 n= 26
57 n= 29

WN\/

RI"'RE Icn”ln 4

§9 n= 31
60 n= 34

R +Ry = CIIHIEAI
61 n= 26
62 n= 29

58 n= 28 'E,I‘

W
B

Reference

oSt ficiformis
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I
&
51

_.1

-y

.-:-'“I

iF |

YANHNI NIRRT
(RA9NT UM INY§ Y

Cimino et al., 1981

Cimino et al., 1981

Ciminoet al., 1981
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T'able 3 (continued)

Mame and Structural formula

Reference

'@l'fi»‘fw-—- ‘
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63 Ry+Ry = CyqHy,

. e
v
= W 'y
24 ¢
B B b i
HO OH W B A
= 'y & B L
-
s e r: o
= =
H ’
2
OH

64 Petrosynol
pong: Petrosne sp.
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Cimino et al., 1985

Fusetani et al., 1987

Fusetani et al., 1987
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Table 3 (continued)

Name and/or Structural formula

Reference

OH
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67 Melyne A: n=10 ‘l
68 MelyneB: n=9
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69 Melyne C

Wright et al., 1987

Quidoa and Crews,
1988

Quinoa and Crews,
1988
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Table 3 (continued)

Name andfor Structural formula

Reference

v | E—
~.,.‘4’_“ ____,.l‘
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70

Corak Fégrinia lactuca
{ontipora mollis
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Quinoa and Crews, 1988

Higa et al., 1990

Higa et al,, 1990
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Table 3_(continued)

Name and/or Structural formula — _ DU

e

Reference
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L Montipora mollis

74

Stp!mnadmhna truncata
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75 Slplmnndmt

Higa et al., 1990

Higa et al., 1990

Fusetani et al., 1987
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l'able 3 (continued)

Name and/or Structural formula

Reference

aling truncata

N\
.pw: .
>

N\ 4

L0 ey

76 Dihydrosiphonodiol

wonochalina triuncata

- q. [

77 Tetrahydrosiphonodio 1

qu ﬁml,“j VI H | fﬁl?’;ﬁrﬁrgﬁamﬂ

78 Petroformyne-|

Fusetani et al., 1987

Fusetani et al., 1987

Cimino et al., 1989
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Table 3 (continued)

Name and/or Structural formula

Reference

on

79 Petroformyne-2

o
au

80 Petroformyne-3

R e o 3 ol .gﬁgﬂpm"”"%fbfﬂrmta
”"Qmmnimum’mmaa

81 Petroformyne-4

Cimino et al., 1989

Cimino et al., 1989

Cimino et al., 1989
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Table 3 (continued)

MName and/or Structural formula

Reference

o

82 Petroformyne-5a

o

83 Petroformyne-5b

AN IUNRIINYIAY

84 Petroform§ne -6

Cimino et al., 1990

Cimino et al., 1990

Cimino et al., 1990
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Table 3 (continued)

Name and/or Structural formula

Reference

drasta ficiformis

.‘_\\‘

ol

ALY Y

L >

85 Petroformyne-7

P

P@trosia ficiformis

IR

o Y

86 Petroformyne-8a

UL ANy NSnETHE™

87 Petroformyne-8b

Cimino et al., 1990

Cimino et al,, 1990

Cimino et al., 1990
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Table 3 (continued)

Name and/or Structural formula

Reference

il ficiformis Cimino et al., 1990

ANET PR

R
b

RPN

i

Cimino et al., 1990

Fusetani et al., 1983
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Table 3 (continued)

Mame and/or Structural formula

Reference

3. Acetylenic acids or esters

3.1 2-yne system

QQ\TA/CH% COOCH,

OH

91 Petroformyne A
: r,-;:f:._———: ‘, : ciformis
= J

S v R N Ny o
\/\v‘-‘“*‘” ?’Iﬁ’ﬁl'}ﬂﬁmﬁwymﬁ
"R ANN TN AR INYA Y

Cimino et al., 1990

Cimino et al., 1990
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Table 3 (continued)

Name and/or Structural formula

Reference

- f; ciformis

I‘.‘
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NN INens
s npn, AMIAINTU YW INENAY

Cimino et al., 1981

Cimino et al., 1985
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Table 3 (continued)

Name and/or Structural formula

Reference

3.2 5-yne system

Bra .

Br

96

Wa oW o O o

espongia muta

pa: Liagora farinosa

7 7 — 28

TN | 1
AULINENINYINT
AR IUAMINYE Y

Schmitz and Gopichand,
1978

Paul and Fenical, 1980




Table 3 (continued)

Name and/or Structural formula

Reference

Br

- G S RN 'EI
A~ AN TUYMINY A Y

Paul and Fenical, 1980

Hirsh, Carmely, and
Kashman, 1987,
Patil et al., 1992

Parl et al., 1992
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Table 3 (continued)

Name and/or Structural formula

Reference

102

B X

[

Cll4

05 R
06 R

—

o

Ww/m:réﬁaqo&w SNYNT
N AR Z

Sponge: Xes pongia muta

mn'sfﬁulm’mmé' ]

Palil et al., 1992

Patil et al., 1992

Patil et al., 1992

9%



Table 3 (continued)

Name and/or Structural formula

Reference

Brh“'- \

108 R = CHy | A28
) |
ﬂ_‘: pe: Xestospongia muia
TN
Z e
- 109 ¢

BIINYIAY

110

Patil et al., 1992

Patil et al., 1992

Hirsh, Carmely, and
Kashman, 1987

(g



Table 3 (continued)

Name andfor Structural formula

Br
111

4 i
Br® =

112

Ly

Reference

nge: Xestospongia

Mﬂlﬁmﬁmm

pagﬂmzuumwmaﬂ

Hirsh, Carmely, and
Kashman, 1987

Quinn and Tucker, 1991

Bourguet-Kondracki et al.

, 1992

8y



Table 3 (continued)

Name andfor Structural formula

Reference

Br

fesipspongia sp.

Tk il B E ' Iy ]
.n" ‘ "'q‘ % 4 ‘ |- : ] .

‘ ) e B o . i
.-" g s ! 0 " " . s 1 I ‘L . :...—

= A S i S St - - -

Br
o
115 Ly
¢ : Petrosia voleano
Br T
SR s ~A )} s -t
'- Y
AN 2
— |

AuEINENINEINS
ARIANTAUYMIINGIAY

Hirsh, Carmely, and
Kashman, 1987

Fusetani et al., 1993
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Table 3 (continued)

Name and/or Structural formula

Reference

i

—_—

_‘;;.;‘

- . ) [ /
" - i v-'ll_-'. -
B 2 -8
el T
Ll L fﬁ“ ’ | Py L . .
- .‘__‘.J‘ _ : -

N
S ISIESIE R

117 17Z (ol -
118 17E _
‘._—__._ 3 yolcano
-
t{_ |"‘
Br—x. _ Al
17 - T

; ﬂuﬂquWswawnﬁ
:;':a ﬁ;mmﬂmymawmam

Fusetani et al., 1993

Fusetani et al., 1993
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Table3 (continued)

Name and/or Structural formula

Reference

wPetrosia volcano

J

BrM%Wﬁmwmm

QW?ﬂ\iﬂ‘imﬂJﬁﬂﬂmaH

123 9E
124 9%

Fusetani et al., 1993

Fusetani et al.,1993
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Table 3 (continued)

Reference

w,y
Name and/or Structural formula

Nresd cirasia volcano

Br
.
N !
1
i3
= 1
125
3.3 7-yne system E'_
i “HE 9 : Pongia
=
Br S —
126 fa

N awwmmmumwmaa

“Fusetani et al., 1993

Quinn and Tucker, 1991

Hirsh, Carmely, and
Kashman, 1987

Quinn and Tucker, 1985;

4



Table 4 Summary of biological activities of acetylenic compounds from marine

67

" organisms.
Compound Biological activity Reference
96 Cytotoxic to PS in vivg Schmitz and
Gopichand, 1978
66 Wright et al., 1987
27-28 L Quinoa and Crews, 1987
- 90 usetani et al., 1983
sea
64 Inhibit €ell @ i 7 Fusetani et al., 1987
Antifungal’aggias
78-85 ¥ €ifnino et al., 1989;
'L imino et al., 1990
91-92

-] ﬁruio et al., 1990

Toxlr.: toward the geef-dwelling fis Paul and,Eenical, 1980

ﬁﬂmﬁmﬂiw HADINEIRE

subrtilis

Active against Giardia (an intestinall Quinoa and Crews, 1988
protozoan)

53



Table 4 (continued)
Compound Biological activity Reference
72, 74 Antimicrobial against Bacillus Higa et al., 1990

113

75-77

100, 102
103, 105,
107-109

subtilis, Staphylococcus, aureus,

Aspergillus ﬂ V’

sp.

AULINENINYINS
RIANIUNRIINGAY
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