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A screening program aimed at discovering inhibitors of the bacterial type Ill secretion system identified the MeOH
extract of the Caribbean spon@aminus sphaeroconis an active hit in the initial assay. Bioassay-guided fractionation

of the crude extract led to the isolation of caminosidesIAtd D (4), a family of antimicrobial glycolipids. The
structures of the three new caminosides2Bt6 D (4) have been elucidated by spectroscopic analysis.

Escherichia colirepresents the predominant microbial species the type Ill secretion system could have utility as antibiotics that
present in human commensal flora. Colonization typically occurs act via a novel mode of action targeting only bacterial virulence
within the first few hours of life, and the resulting relationship is  and not bacterial viability. A screen designed to identify compounds
a symbiotic one, which continues for the lifetime of the human that inhibit the secretion of the Esp protein EspB, an essential part
host! Although the majority ofE. coli strains are benign toward  of the type Ill secretion system, identified promising activity in
the human system, there are a number of strains, including the crude extract of the Caribbean spo@gaminus sphaeroconfa
enteropathogenik. coli (EPEC), that are pathogenic. EPEC causes Bioassay-guided fractionation led to the isolation of caminosides
symptoms ranging from mild stomach upsets to chronic diarrhea, A (1) to D (4) as the active components of the extract.
and it is responsible for thousands of infant deaths a year . )
worldwide? Investigations of the virulence mechanism employed Results and Discussion
by EPEC have shown that intimate attachment to host cells is the = Caminus sphaeroconigollas (468 g wet wt) was collected by
first step in the infective process. A suite of proteits €oli hand using scuba at10 m from Toucari Caves in Dominica.
secreted, Esp proteins) involved in the construction of a translo- Freshly collected specimens were frozen on site and transferred
cation tube between the cytoplasm of the bacterium and the cellback to Vancouver over dry ice. Thawed sponge was extracted
membrane of the host, which facilitates attachment of the bacterium exhaustively with MeOH, and the combined extracts were concen-
to the host-cell surface and insertion of bacterial proteins into the trated to dryness in vacuo to give a yellow solid. This material
cytoplasm of the host cell, comprise tke coli type Il secretion was first fractionated by Sephadex LH-20 chromatography eluting
systen® Pathogenei&. colihave a type Ill secretion system, which  with 100% MeOH. A series of contiguous active fractions were
is required for virulence, while benign commensal strains do not. recycled twice on Sephadex LH-20 chromatography eluting with
It has been hypothesized that compounds with the ability to disrupt EtOAc/MeOH/HO (20:5:2) to give four mixtures of bioactive
glycolipids. Each of the four inseparable mixtures contained
*To whom correspondence should be addressed. Tel: 604-8224511. compounds that had identical tetrasaccharide portions but differed

Faf:cﬁo“‘sf%ogdlt%gaw _ra”d?irsn%mgﬁg‘lgﬁ%gg-ca- in the composition of the aglycon fragment. In the cases of
emistry an , university o . . . .
* Biochemistry and Microbiology, University of British Columbia. caminosides AX), B (2), and D G)’ the _natural product mixtures
§ University of California, Davis. were acetylated and the resulting mixtures of peracetates were
U University of Amsterdam. separated by g HPLC (nPrOH/H,0) to afford pure samples of
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caminoside A peracetat®)( B peracetate6), and D peracetate ~ Table 1. 'H and*3C NMR Data for Caminosides AD (1—4)
(7). For caminoside C3), purification of the crude natural product ~ in DMSO-ds

mixture by Gg HPLC (hPrOH/H,0) was sufficient to obtain a single 1 2 3 4
pure compound without derivatization by acetylation. pos. oc o o on oo on 5 on
OR" aglycon
Glucose 2 or RO\ AN LOR’ 1 297 205 295 204 280 204 294 205
H , 6-Deoxytalose 2 208.5 208.0 208.2 208.0
W\ﬁ/o < o” o 3 426 238 427 237 422 239 426 238
o . o 4 23.3 143 230 142 241 23.0 142
o v OR" 5 285 120 293 1.19 289 1.20
" : " 6 28. % 28.% 28.5¢
Quinovose RO A (¢} O AN <OR Glucose 1 7 28.8 28.F 28.%
3 l OR" 8 24.4 28.8 28.&
o RO” M O" O 9 34.3 34.3 34.3
OR" : 10 80.7 347 808 344 804 343 806 345
2 10 11 33.P 33.@ 33.7
v 19 12 240 29.0 29.0¢
R R' R" 13 29.B 29.1° 29.3%
Caminoside A (1) Ac H H 14 29.3 29.6 29.6¢
Caminoside B(2): ~ Bu  H H 15 29.6 29.6 29,6
Caminoside D (4): Bu Bu H 17 313 1.25
gaminos@ge g\ peraceta:e Egg Ac Ac Ac 18 22'1 1'26
aminoside B peracetate Bu Ac Ac : :
Caminoside D peracetate (7) Bu Bu Ac (13?“1 139 083 139 083 137 082
The structure elucidation of caminoside B bias been previously Glui-1 1005 414 1012 413 1011 412 1012 4.14
. . . Glul-2 765 332 765 333 3.34 3.33
reportec® It was achieved by detailed spectroscopic analyses of Glul-3 68.4 333
both 1 and5 in combination with chemical degradation Bfand Glul-4 700 316 699 3.16 317 69.6 3.16
comparison of the resulting fragments with known standards. The Glu1-5 76.5 3.03 76.8 3.03 3.04 763 3.03
absolute configuration at the secondary alcohol site C-10 on the Glul-6 60.7 349 60.7 3.48 3.47 604 351
aglycon ofl was not determined in the original structure elucidation. g:u%-e 3.61 3.62 3.62 3.63
; " u
Thlsf_ stere_ogerg)lc center haﬁ recentl?/ begn shownl'to ha_vR Ithe Cluz-1 995 505 992 504 989 508 991 508
con |gurat|on Y .LECCD (|posoma exmton-cquplng circular 55 770 341 771 3.40 341 777 3.40
dichrosim) analysi§.A total synthesis of caminoside A has been gjy2-3 737 5.16 737 517 736 516 732 5.24
reported7. Glu2-4 69.7 457 695 457 694 455 69.1 457
The 'H NMR spectrum of the glycolipid mixture containing  Glu2-5 733 3.66 734 3.66 3.65 3.69
caminoside B Z) showed a single set of sharp resonances for the Glu2-6 673 347 670 342 671 349 671 347
tetrasaccharide fragment, but a complex set of resonances for theBlu2-6 3.69 363 369 363
. . . Glu2-7 172.0 171.0 171.3 171.3
aglycon fragment, consistent with the nature of_the mixture. _The Glu2-8 354 217 354 214 350 217 358 2.12
same features were also observed for the mixtures containing g|y2-g 2.29 2.27 2.28 2.24
caminosides A1) and D @), making it possible to analyze the  Glu2-9 17.7 147 17% 147 177 146 17.7 145
data for the tetrasaccharide portions of the natural products from Glu2-9 1.55

the spectra of the mixtures. Therefore, for the sake of simplicity in Glu2-10 133 083 13 0.84 133 0.88 132" 0.84

. . Glu2-11 169.2 171.5 169.1 171.8 -
the discussion below, reference to the NMR data for the tetrasac-Gluz_12 204 196 351 214 295 194 358 212

charide fragment of each mixture will be described as data for g 5.1 557 204
caminosides A, B, and D, respectively. Glu2-13 178 1.47 17.7 145

Analysis of the!H NMR spectrum for caminoside B) (Table Glu2-13 1.55
1) indicated a high degree of similarity between the tetrasaccharide Glu2-14 13.4 0.84 13.1" 0.84

fragments of caminosides Al and B @). However, several Deoxytal

differences existed between the upfield regions of the spectra for ngg’tg::; 1%2 g'gi 1911%) 3 31'164 100.7 460 101.1 4.63
the two compoqnds. The spectrum folacked the sharp smglet at Deoxyta-3 684 361 72%

0 1.96 present in theH NMR spectrum ofl, which was assigned Deoxytal-4 71.8 329 71.7

to the methyl group of the acetyl functionality at Glu2-4. Further- Deoxytal-5 70.7 3.39 70.9 3.39 3.40

more, the'H spectrum for2 contained an additional methyl — Deoxytal-6 165 1.13 164 113 156 114 137

resonance 0.84, and the signals at2.14 and 2.27, which were Qui

assigned as the diastereotopic methylene pradotesthe butyrate 83:% 1?3'% g'(lig ?g'z g?g 28'3 g'gz' gg'g g'gg
carbonyl at Glu2-3 in caminoside A, integrated for two protons ;.3 727 334 770 334 758 441 748 484
each rather than one. Comparing th& NMR spectra for the two Qui-4 758 275 756 275 764 292 732 291
compounds showed the loss of the acetate methyl resonarce at Qui-5 67.3 393 670 392 642 422 672 4.02
20.4 and the inclusion of three new carbon resonanceésla:4, Qui-6 179 1.09 179 108 168 0.97 164112
17.5, and 35.1 in the spectrum 2f and a shift in the carbonyl ~ Qui-7 172.0 172.3
resonance af 169.2 in the spectrum dfto 6 171.5 in the spectrum 83:3 35.0 222187 358 222'}12
of 2. HRESIMS analysis o2 gave a [M+ Na]* ion at m/z Qui-9 17.7 i.46 17.7 i_45
1077.5815, consistent with a formula ofs;8900,,Na (calcd Qui-9 1.55
1077.5821), representing an increase in atomic composition of two Qui-10 13.4 0.87 13.3" 0.84
carbons and four protons ovér consistent with the replacement an Assignments interchangeable.

of the acetate attached to Glu2-4 in caminosidd)A(th a butyrate

unit in caminoside BZ2). analysis of the APT, COSY, HMQC, and HMBC data faér

The HMQC spectrum foR identified resonances for the four  confirmed that caminoside B had the same tetrasaccharide scaffold
anomeric protons and carbons. Starting from these assignmentsas caminoside Al), but that it contained two butyrate subunits
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Table 2. 'H and*C NMR Data for Caminosides A, B, and D Peracetates?) in C¢Ds

5 6 7

pos. oc OH 334h oc OH 3JnH oc On 3JuH
aglycon
1 29.3 1.69,s 28.8 1.70, s 29.3 2.04,s
2 206.0 206.1 206.5
3 43.3 2.03,t 7.2 42.8 2.03,t 43.3 1.71
4 24.1 1.57 23.7 1.56 24.0 1.56
5 29.6 1.28 293 1.27 29.3
6 30.0 1.40 295 29.¢
7 30.6 29.8 29.9
8 25.7 1.52 2515 25.8
9 35.3 1.71 349 1.71 34.7
9 1.87
10 81.7 3.76, m 81.5 3.77 81.9 3.76
11 34.7 1.69 354 1.86 35.8
12 25.5 1.61 2518 25.F
12 1.73
13 29.9 30.8 29.9
14 30.3 30.4 30.0¢
15 30.4 30.5 30.4
16 29.8 1.36 307 30.8
17 32.3 1.37 324 3097
18 23.1 1.38 23.1 1.37 32.4 1.38
19 14.3 0.95,t 7.2 14.1 0.95,t 14.3 0.96
Glul
Glul-1 100.9 4.64,d 8.0 100.7 4.65,d 7.9 101.0 4.64,d 8.1
Glul-2 75.9 4.21,dd 8.0,9.7 75.4 4.23, dd 7.9,9.8 75.8 4.22, dd 8.1,9.6
Glul-3 75.1 5.62, dd 9.7,9.4 74.7 5.63, dd 9.3,9.8 75.0 5.63, dd 9.6,9.6
Glul-4 70.2 5.39, dd 9.4,10.1 69.8 5.42, dd 9.3,10.1 70.1 5.41, dd 9.6,9.6
Glul-5 72.3 3.73, m 72.0 3.74, ddd 2.7,5.5,10.1 72.4 3.72, m
Glul-6 62.9 4.32, dd 2.6,12.1 62.4 4.32,dd 2.7,12.1 62.9 4.31, dd 2.6,12.0
Glul-6 4.42, dd 5.3,12.1 4.42,dd 55,121 4.41, dd 5.5,12.0
Glu2
Glu2-1 100.1 4.88,d 7.7 99.8 4.89,d 7.8 100.1 4.88,d 7.9
Glu2-2 76.3 3.97, dd 7.7,9.1 75.9 4.00, dd 7.8,9.1 76.3 4.00, dd 7.9,8.9
Glu2-3 75.8 5.47, dd 9.1,9.0 75.4 5.52, dd 9.0,9.1 75.8 5.52,dd 8.9,8.9
Glu2-4 70.7 4.95, dd 9.0, 10.3 70.0 4,98, dd 9.0, 10.3 70.4 4,99, dd 8.9,10.3
Glu2-5 73.9 3.67, ddd 2.6,8.2,10.3 73.7 3.69, ddd 2.5,8.6,10.3 74.0 3.68, ddd 2.4,9.0,10.3
Glu2-6 69.4 4.01, dd 8.2,11.4 69.0 3.82,dd 8.6,11.4 69.3 4.02,dd 2.4,11.3
Glu2-6 3.79,dd 2.6,11.4 4.03, dd 25,114 3.80, dd 9.0,11.3
Glu2-7 172.7 172.6 172.6
Glu2-8 36.2 2.17,ddd 6.8,8.6,16.4 36.2 2.19, dt 36.3 2.19,m
Glu2-8 2.34,ddd 6.1,8.4,16.4 - 2.34, dt 2.34,m
Glu2-9 18.4 1.58, m 18.3 1.64, m 18.3 1.62
Glu2-9 1.62, m
Glu2-10 13.7 0.82,t 7.4 13.4 0.84,t 13.7 0.83,t 7.7
Glu2-11 168.9 172.1 172.0
Glu2-12 35.8 1.98,t 35.8 1.92, m
Glu2-13 18.2 1.42, m 18.3 1.42
Glu2-14 13.3 0.70, t 13.6 0.69,t 7.6
Deoxytal
Deoxytal-1 100.2 4.77,d 1.4 99.8 4.82,d 1.7 100.1 4.81,d 1.6
Deoxytal-2 67.3 5.74, dd 14,57 66.9 5.75, dd 1.7 67.3 5.75, dd 1.6,3.7
Deoxytal-3 68.9 5.22,dd 3.7,5.7 68.6 5.22,dd 3.1,41 69.0 5.22,dd 3.7,3.7
Deoxytal-4 68.4 5.24, dd 67.9 5.25, dd 1.9 68.4 5.25, dd 1.0,3.7
Deoxytal-5 69.7 3.43,dq 2.0,6.4 69.3 3.46, dq 1.9,6.3 69.7 3.45,dqg 1.0,6.4
Deoxytal-6 16.3 1.11,d 6.4 15.8 1.11,d 6.3 16.2 1.09,d 6.4
Qui
Qui-1 96.2 5.46, d 4.2 95.8 5.45,d 4.1 96.2 5.45,d 4.3
Qui-2 71.9 5.02, dd 4.2,10.3 71.5 5.03, dd 41,104 72.0 5.04, dd 4.3,10.2
Qui-3 70.5 5.82,dd 9.2,10.3 70.1 5.83,dd 9.2,10.4 70.2 5.86, dd 10.2,10.2
Qui-4 73.8 5.13,dd 9.2,10.3 73.4 5.13,dd 9.2,10.3 73.7 5.15, dd 10.2, 10.3
Qui-5 65.9 4.57,dq 65.4 4.59, dq 5.4,10.3 65.9 4.59, dq 6.2,10.3
Qui-6 17.3 1.43,d 6.3 17.0 1.44,d 54 17.3 1.45,d 6.2
Qui-7 172.1
Qui-8 36.1 2.02, m
Qui-9 18.7 1.48
Qui-10 13.5 0.71,t 7.6

attached at Glu2-C3 [HMBC from) 5.17 (Glu2-H3) tod 171.0]
and Glu2-C4 [HMBC fromd 4.57 (Glu2-H4) tod 171.5].
Acetylation of the mixture containin@ led to the isolation of
caminoside B peracetaté)(as a single pure compound that gave
a [M + NaJ* ion atm/z 1455.6814 in the HRESIMS, appropriate
for a molecular formula of €Hi0g0s1Na (calcd 1455.6772),
consistent with nona-acetylation. Detailed NMR analysié @fable

2) provided further evidence that the connectivity and relative
configuration of the tetrasaccharide portion (minus the acyl groups)
of 6 were identical to that 06. The remaining signals in thi

and’3C NMR spectra o6 were assigned to the aglycon. Subtracting
the atoms present in the tetrasaccharide fragment from the molecular

formula of 6 showed that the aglycon had to account fesHGO.
APT and HMQC data showed that the aglycon contained@Hj;
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Table 3. Biological Activities of Caminosides AD against a Panel of Microorganisms (MICsgig/disk) and in the Type llI
Secretion Assay

compound MRSA VREP Xme Pythiung type Ill secretion inhibition
mixture of caminosides AD 125 6.3 >100 25 active
caminoside A1) 125 125 25 50 active
caminoside A peracetatb)( >100 >100 >25 >100 inactive
caminoside B2) 6.3 3.1 >25 25 active
caminoside B peracetat6)( >25 >25 >25 >25 NT
caminoside D4) 6.3 6.3 >25 >100 active
caminoside D peracetat@)( >25 >25 >25 >25 NT

a Methicillin-resistantStaphylococcus aureus’. Vancomycin-resistanEnterococcus® Xanthamonas maltiphilief! Pythium ultimum.

15 x CHy; 1 x CH; and 1x ketone. It was possible to identify a  Experimental Section

methyl ketone {H 6 2.04, C 6 29.5), a terminal saturated General Experimental Procedures.Optical rotations were deter-
hydrocarbon fragment (C?li"lH 0 0.83, t,J = 7 Hz,*C 6 13.9), mined with a JASCO J-1010 polarimeter equipped with a halogen lamp
and an oxygenated methinéH(o 3.44,13C 6 80.8) flanked by (589 nm) and a 10 mm microcell. UV spectra were recorded on a
methylenes. All the data suggested that the aglycon had awaters 2487 spectrophotometer. Infrared spectra were recorded on a
composition identical to the aglycon i, thus completing the Perkin-Elmer 1710 FTIR spectrometer equipped with a hefineon
structure of6. It was assumed that the absolute configuration for laser (633 nm) and controlled by Perkin-Elmer Spectrum v.2 software.
each individual sugar and the aglycon C-10 stereogenic center were'H, COSY, HSQC, ROESY, and HMBC spectra (optimized F&icy
identical in caminosides Alj and B Q). = 8 Hz) for 1-4, 6, and7 were recorded on a Bruker AMX500 MHz
Caminoside CJ) was isolated as a single pure compound that NMR spectrometerH, COSY HSQC, HMBC (optimized fot*Jci =
gave a [M+ Na]t ion at vz 1119.5913 in the HRESIMS, 8 Hz), TOCSY, and HSQC-TOCSY fdr were recorded on a Varian
consistent with a molecular formula of s§s,0,5Na (calcd INOVA 800 MHz NMR spectrometer at the NANUC facility at the
1119.5927). Detailed 1D and 2BH and 3C NMR analysis University of Albertat*C spectra were recorded on a Bruker AM400
indicated thaB had the same tetrasaccharide and aglycon compo- NMR spectrometer. Chemical shifts were referenced to solvent peaks
nents found irl and2 and that it simply differed in the pattern of (01 7.15, 0c 128 for GDg; 0y 2.49, dc 39.5 for DMSOé). Low-
acylation on the sugar residues. Evidence could be found in the resolution ESI mass spectra were recorded on a Bruker Esquire LC
NMR data for the presence of one acetate {GH o 1.94,13C 6 mass spectrometer. High-resolution ESI mass spectra were recor_ded
29.5: CORC 6 169.1) and two butyrate (GHH 6 0.86, 0.8713C on a Macromass LCT mass spectrometer. Both low- and high-resolution

. : El mass spectra were recorded on an AEI MS-50 mass spectrometer.
133, 13'4’.CH1H 0 1'46’12'17' 2'281’305 17.7, 35'0’. COS 171.3, Flash silica gel column chromatography was performed using-230
172.0) residues i8. The™H NN_IR contained an addltlonal methyl 400 mesh silica gel 60 (Silicycle). HPLC separations were achieved
group ato 0.87, and the multiplets &t 2.17 and 2.28 integrated ,qjng a Waters 600 pump and a Waters 486 tuneable absorbance
for two protons each, rather than one, as was the case HIBC detector. Solvents were all HPLC grade (Fisher), and those used for

correlations showed that the acetate was attached at Glu2-C4yp|c were filtered prior to use and sparged with helium. Pyridine,

[HMBC from 6 4.55 (Glu2-H4) tod 169.1] and that the butyrates  acetic anhydride, and 4-(dimethlyamino)pyridine were reagent grade
were attached at Glu2-C3 [HMBC from 5.16 (Glu2-H3) tod (Aldrich) and used without further purification.

171.3] and Qui-C3 [HMBC from) 4.41 (Qui-H3) tod 172.0]. The Type Ill Secretion Inhibitor Screen. EPEC cells were cultured
The NMR data obtained for caminoside &) 6howed an absence  for 24 h in the presence of a crude extract, and the resulting cellular
of signals for the acetate group present at Glu2-#land3. Instead, suspension was centrifuged to give a bacterial pellet and a supernatant

signals consistent with the presence of three butyrate unitg (CH containing all secreted proteins. The bacterial pellet was examined by
1H 6 0.84 (H), 13C 6 13.1, 13.2, 13.3; Ch'H 6 1.45, 1.55, 2.12, eye, and any extracts that caused a significant decrease in pellet size
2.24,13C § 17.7, 35.8; CO 171.3, 171.8, 172.3) were observed Were discarded on the grounds that these extracts contained compounds
in bo’th thelH an’d13C épectra Carlninosid’e D octaacetaiegave with traditional antibiotic or cytotoxic properties. The supernatants of

. . . . the remaining samples were analyzed for the presence of both EspB
an [M -+ NaJ" ion at 1483.7057 in the HRESIMS, consistent with 5,4 Espc by gel electrophoresis. EspC is an EPEC secreted protein

a formula of G;H11:05)Na (calcd 1483.7085), in agreement with ot involved in the type 11l secretion pathway. By analyzing for the
an octa-acetylated analoguedfvith the acetate group at Glu2-4  presence of both type Ill (EspB) and non-type Il (EspC) derived
replaced by a butyrate unit. Detailed analysis of the NMR data proteins it is possible to isolate extracts that have a specific effect on
obtained for7 confirmed the presence of tetrasaccharide and aglycon the type 1l system from those extracts that disrupt general bacterial
fragments identical to these found in the other camoinosides with secretion. Decreased levels of EspB but similar levels of EspC when

the three butyrate units attached at Glu2-C3 [HMBC fror8.52 compared with control cultures were used to identify extracts containing
(Glu2-H3) t0d 172.6], Glu2-C4 [HMBC fromd 4.99 (Glu2-H4)  type lll secretion inhibitors® _
t0 172.0], and Qui-C3 [HMBC frond 5.86 (Qui-H3) tod 172.1]. Extraction and Isolation. Caminus sphaeroconi@ollas (468 g wet

In addition to the type Ill secretion inhibition screen, caminosides wt) was collected by hand using scuba-gl0 m from Toucari Caves
I ; v . in Dominica. A voucher specimen has been deposited at the Zoologisch
A, B, and D (, 2, 4) were screened for antimicrobial activity against Museum, Amsterdam (ref. no. ZMA POR 16775). The material was
a panel of human and plant pathogens. All three compounds showedozen immediately upon collection and kept-at5 °C until workup.
reasonable activity against the Gram-positive bacteria MRSA and A portion of the frozen material (83 g wet wt) was extracted with MeOH
VRE, but as expected showed no activity against the Gram-negative(3 x 200 mL), and the combined extracts were concentrated to dryness
bacteriumE. coli (Table 3). The caminosides possess a number of in vacuo to give a yellow solid (5.5 g). A portion of this material (1.5
structural features not found in sponge glycolipids to date. They 9) was purified by Sephadex LH-20 size exclusion chromatography
have a fully substituted glucose residue (Glucose 2), as well as aeluting with 100% MeOH to give a clear yellow glass (0.467 g). A
6-deoxytalose residue, which is rarely seen in nature. The aglyconPOrtion of this material (0.150 g) was then recycled twice on Sephadex
also contains several unusual features, including tér@ar chain LH-20 size exclusion chromatography eluting with ELOAC/MeOkTH

. : (20:5:2) to givel—4 as clear, colorless glasses 0.015 g;2, 0.028 g;
and the methyl ketone terminus, both unprecedented in sponges g 903 g4, 0.031 g).1, 2, and4 were acetylated by stirring in pyridine

glycolipid chemistry. C§m|n05|des ALY to. D (4) are the .flrst (9 mL, 111 mmol) and acetic anhydride (3 mL, 31 mmol) with
compounds to show activity (K= 20 «M) in a screen designed  4-(dimethylamino)pyridine (1 mg, 0.008 mmol) undes &t 25°C for

to identify small-molecule inhibitors of the type Ill secretion 18 h. Each reaction mixture was concentrated to dryness in vacuo and
pathway of bacterial pathogenesis. partitioned between #D and EtOAc. In each case, the organic phase
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was washed with water and concentrated to dryness to give a yellow Acknowledgment. We thank D. Williams and M. LeBlanc for
solid, which was subjected to flash silica gel column chromatography assistance with the collection of the sponge and the Canadian National

(gradient elution from CkCl; to CH.Cl,/MeOH, 9:1). These samples
were purified by RPHPLC (Inertsil £ 9.4 x 250 mm, eluting with
H.O/nNPrOH @, 60:40;6, 57:43;7, 50:50), UV detection at 210 nm) to

give 5 (0.003 g),6 (0.003 g), and (0.002 g) as clear, colorless glasses.

Caminoside A (1): clear, colorless glass (0.015 gi]f% —26 (c
0.093, MeOH); LRESIMSm/z 1049 [M + Na]*; HRESIMS m/z
1049.5470 [M+ Na]* (calcd for GoHgsO2-Na 1049.5508).

Caminoside B (2):clear, colorless glass (0.028 gi]f% —22 (¢
0.175, MeOH); LRESIMSm/z 1077 [M + Na]*; HRESIMS m/z
1077.5815 [M+ Na]* (calcd for GiHeoONa 1077.5821).

Caminoside C (3):clear, colorless glass (0.003 gn]f% —9 (c
0.006, MeOH); LRESIMSm/z 1119 [M + Na]*; HRESIMS m/z
1119.5913 [M+ Na]* (calcd for GaHge,023Na 1119.5927).

Caminoside D (4):clear, colorless glass (0.031 gi]f% —54 (c
0.194, MeOH); LRESIMSm/z 1147 [M + Na]*; HRESIMS nm/z
1147.6262 [M+ Na]* (calcd for GsHosOzaNa 1147.6240).

Caminoside A peracetate (5)clear, colorless glass (0.003 g]f%
—27 (€ 0.019, MeOH); IR (thin film)vmax 1748, 1712 cm; UV (c
0.001, MeOH)Amax 206 ( 473); LRESIMSnv/z 1428 [M + Nal*;
HRESIMS m/z 1427.6470 [M + Na]* (calcd for GiHi0:0xNa
1427.6459).

Caminoside B peracetate (6)clear, colorless glass (0.003 g
—30 (c 0.019, MeOH); LRESIMS1/z 1455 [M + Na]"; HRESIMS
mvz 1455.6814 [M+ Na]* (calcd for GeH106031Na 1455.6772).

Caminoside D peracetate (7)clear, colorless glass (0.002 g]f%
—41 (c 0.013, MeOH); LRESIMSWz 1483 [M + Na]*; HRESIMS
m/z 1483.7057 [M+ Na]* (calcd for GiH11203:Na 1483.7085).
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UBC was provided by a Natural Sciences and Engineering Research
Council of Canada grant to R.J.A.
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