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Schizotrin A; a Nwel Antimicrobial Cyclic Peptide from a 
Cyranobacterium 
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Cyanobacteria have been recognized in the last decade as a rich source tor biologi@Jy active cyclic 

peptides. Many of these cyclic peptides contain long chain ~amino-acid residues. The microcystins~ am by far 

the most common $yclic peptides associated with strains of freshwater blooms of cyanoba&ria. ~aj~~~i~ 

C.2. scytonentin A3, pu~in~~~; calophycik~ and faxaphycins~ are other examples of su& Reptides that 

have been found in this group o~‘~r&aryotic microorganistis. We report here the isolation and structure 

elucidation of a novel cyclic peptide, Schizotrin A (1). from a termstrial Schizorrix sp.7 eAU strain R-89-2) 

which possesses moderately strong antibacterkl and antitkngal.activities. 

The Schizotrix sp. (TAU strain R-89-2) was isolated from a sample collected at a greenhouse in Rfar 

Axar, Israel. A pure clonal strain was grown in mass culture in the laboratorya. The f--dried cells were 

extracted with 70% ethanol in water and the resulting extract was subjected to repeated reverse-phase (C-18) 

e~rna~~phy, guided by ~~~b~ activity-assay. In a typical isolation the freeze-dried cells (30 g from 

100 L of culture) were extracted with a 7:3 E5tOHkvate.r solution. The crude extract was fractionated on a Clg 

column Aliquots ofeach fraction were assayed for antimicrobial activity (B. sr&tik). The active fractions were 

combined and applied to a preparative Clg HPLC column using 7:3 I&OH/water as the eluant. The final 

purification by HPi,C on YMC RF-18 colutnn’witb 3: 1 I&OH/water afforded 29 mg of 1. Schizoirin A, I. was 
isoWed as an amofpltous powder (0.1% of dry cells weight), [a]D 2@-64.7 o (c 0.034, MeOH), Lx (E) 224 

(19,750) nm and HRFABMS (~iogly~~~gly~erol matrix): n/r 1490.779297 f(M+IQ+, calcd for 
C72Hl@Zl3@1 m/z 1490.778274, A -1.0 mDa]_ The tH and 1% NMR spectra of 1 in conventional NMR 

solventso gave broad~signals msuiting from the equilibria of different conformers of the peptidiu ring. The 1H 
&MR s&naIs of the valim metbyk for instance, appekd as two btxtad signals (vim _ 40 Hz) in these solvea~ts. 

O& when 1 was dissolved in ~deuteromethauol/ water solutions and heated above 310°K could the later signals 

be recognized as two methyl doublets. ‘Unfortunately, the combination of high temperature and ptusaturation of 

the water signal resulted in the disappearance of all of the amide proton signals. which sre essential for 

~~i~~ the smino-acid sequence by NMR techn4ues. When the water in these mixtures was substituted with 
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a waterkifhtoroacetic acid (‘WA) mixtum at pH 3 a sharp proton and carbon spectra was achieved at room 
temperature. For the structure elucidation of 1 1: 1- and ?: 1-methanol-d3/wa@ (with IFA) solutions we wed19 

Assignments of the signals for the thirteen acid tesidues that compose !Schixotrin All are based on the 

analysis of ‘H. ‘3C. DEFT* COSY. TOCSY, HMQC and HMBC speea The thii residues thu were 

assigned auo: N-methyl alanyl (NMeAla). hutyryt. didehydroaminobutytyl (Dhb). glutaminyl (Gla). glycyl 

(Gty), hotnotyrosinyl methylether (Htrn). phenylalaninyl @he). two prolyl (Pro) tesidues. two serinyl (Ser) 
residues and a novel long chain ~amino acid residue; 3-amino-2,7,8-trihydroxy-lCt-methyl-5-oxyundccanoyl 

(Aound). Unusual chemical shii of some proton signals wure noticed. The H-5 signal for Aound (5.03 ppm) 

appeared at a much lower field than any of the other signals for protons on hydroxyl-bearing carbons of this 

residue and thus are assumed to be esterSed. The signal for proR H-S of FVo(2) is 0.3 ppm upfield shifted 

relative to the signals for the other H-5 protons of the two proline residues aud the signals of the valine methyls 

are roughly 0.2 ppm higher field than normal (0.76 and 0.66 ppnt). The upfield shift of the latter t&e signals 

appeared to be attributed to an anisotropic effect such as diamagnetic shielding by the ring current of a 

neighboring aromatic moiety. This wss con&ned by NOE experiments. 

F@Ere 1. MectedHMBC ( --c ) 
andNOiSY(-)correlationsof 
schixotrin A (1). 

HMBC cordations (see Figs 1) allowed the construction of three residues: (i) N-butyryl-N-methyl A4 

(ii) Pro(l)-Gly and (iii} Htnt-Ser(2)-Dhb-Ser( 1). The signals for the Gln and F’he carbonyls over@ped, thus tk 
correlations between the Gly a protons and Gin-CO in the HMBC map could not be assigned une@vocally. 

The cross peaks in the NOESY spectrum, however. were of grtat help in the sssignment of the amino acid 

sequence (See Figure 1). The Hun-Ser(2)-Dhb-Ser(1) fragment could be extended through the NOSY 

correlations of: (i) Htm H-616’ with F%(2) pro-R H-5 and pm-S H-5; (ii) P&2) H-2 and Aouttd NH; (ii) 

Aound H-Z and Gln NH, and (iv) Gln H-2 and Gly NH. to the Gly-Gln-Aound-Ro(2)_Ht1~-Ser(2)-Dbb-~~) 
fragment. The attachment of the Gly to Pro(l) was confirmed by the NOE connectivities between Pro(l) pro-R 
H-5 and pro-S H-5 and the Gly Q protons. Correlations between Pro( 1) H-2 and Phe NH. Phe H-2 and Val 

NH, and Val H-2 and Ser(U NH, close the peptidic ring. The N-butyryl-N-methyl-Ala fragment was assigrs!!d as 
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the es&tic group atmched to C-5 of the Aotmd chain on the basis of NGESY correlations between Aound H-3, 

and the Ala methyl and H-2. 

The absolute conEgurations of the common amino acids wete auaIyned by Marfey’s HPLC methcdt2. The 

amino acids were determined as: L-Proline (2), L&tine (2). L-Phenylakmine, D-Valine, N-methyl-D-Alanine 

and D-Glutamine. by comparison with autkuic D and L standards of each amino acid. Studies am in progress to 

assign the stereochemistry of the chital centers in the Htm and Aotmd residues. 

Compound 1 wasnot active a8ainst SmpIryloccocus aureus. S. albus. and Ederichia coli at 67.1 nMJ6 

mm disc but gave a I5 mm zone of inhibition against Bad&a su&tilis at 6.7 nM/6 mm disc. Compound 1 gave 

7, I, 9 and 8 mm xones of inhibition against Scccharomyces cerevisiae, Candida al&cans, C. tropicalis and 

Rhodoa~nrkr rubra at 16.7, 13.4, 13.4 and 13.4 nM f6 mm disc, respectively, but not against C. paropsilbsis at 

67.1 &l/6 mm disc. Compound 1 also gave 28% 25%. 37% and 47% reduction in radial growth of the colonies 

of the fungi Sdcrotirun nv&ii. Rhiwctonia soloni. Fnsarium oaysporum and Colktotrkkum gloeosporibidcs at 

13.4. 13.4.33.5 and 13.4 @I/6 mm disc, respectively. 

Interestingly. the structutu of schixotrin A (1) resembles three other cyanobacterial cyclopeptides: 

scytonemin As, puwaiuaphycin C4, and calophycin 5. The latter deca- and undecacyclic peptides. ahhough 

having a different amino acid profue, share a common segment, i.e. a proline residue attacl&to the amino group 

of a 2-hydroxy-3-amino-long chain acid residue. This segment may be nzsponsibIe for the biological activity of 

thesecompounds. 
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A clonal strain -89-2). which was purified on BG- 11 agsr medium (Stainer, R.Y.; Kunisawa M.; 
Mamkl, M.; Cohen-Bazi~. G. BucteriuL Rev. 1971.35.171). was cultured in ASM- 1 medium 

(Go&am. P.R.; McLachlan, J.; Hammer. U.T.; Kim, W.K. Inr. Assoc. 27uor. Apple Limd. 1964,15, 

796) mldercontinwus fluoresaul t lighting (100 peiu/M2/sec> and aeration (ait emiched with 0.5% Co;Z, 

1 Ymin) at 2S’c for 30-35 days. 
The NMR solvents that were examkd were: chloroform-d, methanold4, aceton&j. pyriditm-ds. 

acetonitrile-d3,beMmed6 and DMSCI+. 




