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Caledonin, a Natwreal Peptide Rolaphile with Zn™ and Cu! - Complexing
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Abrtruch Caladonin (1) izn mﬂnﬁ@d Mldi‘-‘ Lglated fmm the maring tuelcats Pidemnu redrigucsi.
Qelodgnin somps L-pheny 7 reahue connested via its aming grovp (v (§7-3-aming -

mercaplopenianoic acld (a new sulrumonmming f-amino acld), andby ity carboxyd group to a gix
mymbsred ayu!nﬂuumdmn maietys bearing i g-ostyl shaln, Calodumin is a natural balaphile which
vinmghy Binklg 2y £ o €30 iy,

In the last deendes, tunientes have been subjected to V'Bl;y clode serutiny and 03 a rusult, o lurgo number of
bisactive nitrogenous matabolites with significant f{ialaginnl nokviey hive been deseribed.! They include acyelic
and gyelic peptides and depsipeptides with novel.and complex stractures and sleg compounds of physiofogical
importange characterized by the presenca of oyclic guanidine groups.2-3 As part of our work on
phammacolegically astive sactabolitcs from hariie organisms, we new repit the stucune of caledeain {£), 1
wavel modified peptide, which wus isolated from the tunicate Didemimin redriguesi. Caledonin, among other
xclevant siugiural features, possosses a new B-aming acld residus, & vysluguanidine group and presouts smmg

mietal-complexing propertics, o
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Didemnun rodriguesi (Tunicnw, Didemnidnc),* an encrusting ascidian of a deep pink, red or yellow
colour; waa collcctcd frant the Baic dea Citrons, Nourda (New Caledonin), We isolaed? pure catedonin (1) [48
mg; mpw 170- 172“0 [‘ﬂm = +24 (MeOH, o145 mg/mLL)] fron the methylene shlervide soluble material that
showed In vitre cytotoxicity against Kb cclls (85% iubibition at 10 pg/mL). The IR spectrum® showed
characteristic absorption bands dud to amide groups [KD) 1656, 1630 cort] sud de UV indicied dis presenve
of n phony! chromophors [(MeO) Apgx 234 (e 2816), 280 (¢ 666; sh) nial. Its (+} FABMS (ulysorol) spectium
showed a poak c.orrc::pﬁndmg to the molecular ion at ny/z 489 (M1, donlioad when NaCl was sdded w e
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matrix {mlz 511, Na(M-H)]*). ts EIMS showed lhu'[M»H]" jon at im/z 488 and so did the HREIMS (mfz
488.30650, A= -+1.2 ppin, corresprnding to C36H42N5025, § unsaturations).

One- (1H, 13C, DEPT) and two-dimensional (DQP-COSY, TOCSY. HMQC) NWMF, analysis mvealed the
presence of four maln substructures generating independent HH spin systers, and linked by one C-N and iwo
peptide bonds. Those fragments were: 1) a new f-amino acid (3-amino-S-mercaptopentancic acid; 2)
phenylalanine; 3) a guanidive group with two nifrogens Yinked by a -CHaCH3CH2- chain and forming a six
mernbered ting and 4) an n-octyl chain. Thess substructures satisfy the ensaturation requircments (G double
bonda and 2 fngd) suggested by the molegnlar fotnmuls,

Diagoastie 13C and 151 shifts (Table 1) showed the mature of the different hiteroatoms and functional
groups presens in the motecule: one primary amine bound to 4 methine (5 61.8,  3.24, 3-CH) with ¥ hietercatom
substituents, one guanidine group (8 160.2, 11-C), two amide groups (3 171.3, 5-C; § 166.0, 7-C) and finally,
the characieristic shifts of 1-CHy (5 26.9, § 1,10) indicats a thiol group attached to that position, Exchangeable

1H NMR speetra (CDCl3/090) confirmed that the broad singlets at § 4.8 (4K) and & 6.0 (1K) were origiagted
. by hydtogens attached 1o heteroatoms; and T1-1SN HMOC and COSY experiments idontified the signdl at § 6.0
ag the NEf attached to the 10-CHz.
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Figure 1. g, Sclected HMBC 2y and 3Jcp) correlations, b. Selected (1) FABME fragmentations,

The precise connectivities hetween the substiucturas were ostablished by HIMBC and parrolapmated by
ROBSY experiments. Selected correlatinns are shown in Figum la. Among thom, then: botween J-C0 aml -
CH: .00 and 3-CHa: and 11-C and the O3 groups ot pesidons 8, 10 and 123, were t10 mogt wscful,
Oaledonin was thos shown to camprise g cootral phanylalanine vesidue fanked by & I-nmipg3-
mercaptopentanole acid and the cyeloguanidine moiety, with the n-oetyl ohain bound 0 the exo-plmogen.
Furherimore, the observed (3 FABMS fragmentaticn patierns are it good agreement with that swucture (Higure
1b).

Several chemiesl mansformations wese carried out ta confirm the souctre of calehmin, Acld hydrolysis
of 1 (6N HICE 178 at 110°0) yielded thees products identfiod (TH-MMR, M8} a3 phenylaloing, 3-atino-3-
mercaptopentanoic acid and the subistitoted guanidine 2. Devdvatioation {1 4-BatIE 1, 2. TBAA; 130°C)
followed by chiral CH-MS analysis (Chirasii Val I He at 1 oilfmlbo; 120 o 200°C) indicared that the
phenylalanine belonged t the L-setiss (F absolute configuratdon). Deivatization of caledonin with (R} and (3)-
methoxyphenylacetic aeld (MPA). afforded after HOLE separation, the MPA amides 3 and 4. Anglyslg of their
IH-NMR spectea indicated the abaolute configurativn at 3-C 1o be § (Figure Zu).9
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Tunicates a¥¢ known to produce metal complexing metabolites, such as the tunichroms.? Some features
of caledonin, and in pwticolar the hydvephobic chain st one end and the penicillimine-like f-amine actdll ax the
athor, siggest that this metbolite iz a natural bolaphile!! which may be involved in ion transport across

mombranes,

“To toat this hypothasis, & solution of caledonin in CDHON was titrated with ZnClp and monitored by 1H-
NMR spectroscopy. The 2:1 caledonin/ZaCly addwet was isolated and charncterized by (+) PABMS (m/z 552,
[Z0(M-F)I*) and MMR, spocirascapy (1, 13C, CORY, TOCKY and HMQGC experiments).

Table 1. 1M and 130 NMR data for caledonin (1) &

AL ne. | PC @) 'n Bhm, JHD At pe. |MC 3)  'w (B)m, JHD
1 269 L0, dd (7.1, 131 | .12 40.6 2.68, m
2 317 1.55 13 IR0 L75.4d (75, i51)
LA2
k] 61.8 32, m 14-17 [9.3.296 1.38-1.5%
q 39.0 316, £ (1L1) 18 227 138
. 212, ¢d (8.1, 14.1)
% 1713 19 14.1 (.89, 1 (6.6)
6 66.3 4.50, 1 (L.O) 20 1 356 249, dd (4.4, 13.6)
3.20, de (2.0, 14.5) -
7 166.0 21, .| 1343
] 32.4 3,53, d (37.0) 22/1% 1305 716028
29, m ‘

9 214 135 23/25% 1248.0 7.16-7.26

L0 4.9 375, 34 1E7 1.16-7.26
275 4 (17.0)  |11-mA 6.00, 3

i1 1602 NH{4H) 480, ba

A NMR specira were recosded o1 a Byker AMX-500 spectromoier in {DCL at 298 K,

Comparison of the H-NMR datn of 1 and its 20 comptex (Table 2) showed that the thiol and: aming
Froups ure invelved in ¢omplex formution with the Zoll fon in a tetrahedenl environment, as shown in Figure 2b,
Very similar 'H-NMR spoctrum was obtained when 1 was fitrated with CuCl. suggesting farmation of a

similprly bonded adduct, but the chalated Cul fon was rapidly oxidized to Cull, bampering jsotarion and precise
stiueture determination,

“Tabls 2. Seloviod NMR data for catedonin (1) and fo caledonin-Znll comples in CTHOD.

1 1=Znll complex
sl me  Bem | clwe | Beg
1 110 _ 155 118 . 29072
2 . L6152 I ) Ley . 3En
3 3.24 49.00 4,37 3185
4 3.16/212 4048 | 241222  aLw
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Figured.  n. Perspeative and clongated Newman projections for 3 and 4 showing the magnetic shislding
effect’ based on Ref. 7. b. Caledonin-Znll complox, showing its bolaphile chagacteristios.
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