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Introduction. 

(Received in USA 29 July 1987) 

In the quest for a greater understandlng of the relationship between "drug" structure and 

biologlcal actlvlty the study of conformationally constrained peptldes has received considerable 

attention. 1 Ma~~llan hornOn systems 'have been a particularly fruitful field for investigation of 

the effects of such modlflcatlons;2 synthetic analogs of the enkephallns.3 a-melanotropin4 and. 

preeminently, somatostatln5 have all provided valuable exesples of how flexible, blologlcally 

active compounds may be constrained by the incorporation of cyclic structures to increase their 

activity and receptor specificity, and often to prolong their biological response. Less frequently 

studied have been naturally occurring examples of cyclically constrained peptldes with potent 

antibiotic or antltumr activlty.6*7 This is not surprising when the size and complexity of the 

majority of these natural products Is considered. There are, however, a few cyclic peptide natural 

products that are of a sufficiently small size. and with sufficiently interesting biological 

properties, to have warranted detailed investigation into the structural and conformational re- 

qulrewnts needed for their activity, the m)st noteworthy examples being the is-lactam antlblotlcs* 

and, more recently, the cyclosporlnes.' We describe herein the structure-activity and confoma- 

tional aspects of another class of cyclic peptlde natural products that possess potent biological 

activity, namely, the fungally derived cyclic tetrapeptldes. 

This family of compounds (Table l), whose members, including HC-toxin." chlamydocin." YF 

316112 and Cyl-2,13 all possess a peptidyl 12-metiered cyclic ring system, demonstrates significant 

bioactlvity both as plant toxlns14 and. in vitro, as cytostatic and antimltogenlc agents with IC6O 

values In the nanomolar range against P-815 mastocytoma cells and arrine lymphocytes.15 Such po- 

tency 1s usually indicative of interaction with a very specific receptor or enzyR which is present 

only at very low concentrations in the particular testing system. Unfortunately, although highly 

active tn vitro, chlamydocln (and presumably the others) Is rapidly inactivated In viva. l5 which 

prevented development of these compounds as chemotherapeutic, antitumor agents. However. the con- 

venlence with which these cyclic peptldes can be tested coupled with their extraordinary potency 

and the comparative rigidity of their medium-sized cyclic ring system makes the cyclic tetrapeptide 

natural products particularly attractive for structure-activity and conformational study. 

In this paper, we report some of Qur previously unpubllshed results in this area, collate all 

the structure-activity data that has to date been published, and attempt to identify the structural 

and the conformational requlrenents for bioactlvlty In these canpounds. The conformational 

conclusions will be supported by data fran force field calculations. 

Table 1: The Cyclic Tetrapeptlde Family of Natural Products. 

COWWND (No.) 

HC-Toxin (1) 

Cyl-1 (2) 

Cyl-2 (3) 

Chlamydocln (1) 

WF 3161 (5) 

]Gly14 HC-Toxin (4) 

SEQUENCE 

cycle]-L-Aoe'-D-Pro2-L-Ala3-0-Ala4-] 

cyclo]-L-Aoe1-O-Tyr(One)2-L-Ile3-L-Pro4-] 

cyclo]-L-Aoe1-O-Tyr(One)2-L-Ile3-L-Pip4-] 

cyclol-L-Ace'-Aib2-L-Phe3-O-Pro4-] 

cycle]-L-Aoel-O-Phe2-L-Leu3-L-Pip4-] 

cycle]-L-Aoel-0-Pro'-L-Ala3-Gly4-] 
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T31e 2: krtititogencsls Actlvlty of Aoc-Sldc-chln Modified Cyclic Tetrapeptlda. 

CYCLIC TETRAPEPTIDE SIDE-CHAINa IC5D (ng/ml)b REFERENCEb 

RIM3 SYSTEM FUNCTIDNALITY (No.) 

Chlamydocln (0.36).1-3 (151.21 

Chlamydocln 

8-oxo-9(S),lD-epoxy 

Natural Product (4) 

8-hydroxy-9,1D-epoxy 

(Dihydrochlamydocin) (4) 

8-oxo-lo-hydroxy (9) 

8-oxo-9.10-ena (IO) 

8-0x0- &I) 

8-hydroxy-9.10-ene (I2) 

9.10-ene (I3) 

9,lo-epoxY (14) 

4-aza&oxo- 

7-¤aleimido (I5) 

8-oxo-9-chloro (16) 

8-oxo-9(5).10-epoxy 

(Natural Product) (1) 

8-hydroxy-9, lo-yne 

8-oxo-9.10-yne (l7) 

I)-oxa-9-dlazo (l8) 

8-oxo-9-chloro (I9) 

8-oxo-9-chloro (2G) 

ca. 5000 (ll)Jl 

Chlawydodn 

Chlamydocin 

Chlamydocin 

Chlamydocin 

Chlamydocln 

Chlamydocin 

[Gly12 Chls*ydocin 

(>1D6) 

200 

(>105) 

1500 

400 

2400 

>105 

(11) 
(11),20 

(11) 
20.22 

19.22 

20 

21 

Chlamydocin 

HC-toxin 

K-toxin 

t&toxin 

HC-toxin 

K-toxin 

IL-Phe13 HC-toxin 

3-10 

10-15 

104 

400 

>2oDo 

30-40 

40-100 

24 

19.24 

20.23 

19.23 

24 

24 

24 

growth of susceptible maize seedlings not antimitogenesls. further indicated the possible lmpor- 

tance of this llpophilic interaction at the receptor. Hcuever. an IL-Phe13 HC-toxin analog, bear- 

ing a chloromethylketone functionality (2D). which was indeed more lipophilic, was found to be m 

active, by a factor of about 2. than the corresponding HC-toxin chloromethylketone (19).24 This 

rather surprising result indicated that the proposed binding site interaction was not an absolute 

prerequisite for increased potency, and pointed to other structural differences between the agents, 

e.g., ring system conformation, being responsible for activity differences. 

Conformational Analysis of Cyclic Tetrapeptides. 

It Is known that the presence of imlno acids or the incorporation of a-methylated amino acids 

affects considerably the confonaation of linear peptides;2*2g it seems likely, therefore, that in a 

mbre rigid, cyclic system such additional constraints might play an even more crucial role in the 

controlling of conformation-al flexibility, perhaps resulting in only one thermodynamically accept- 

able structure that is able to bind optimally to the receptor and elicit the maximal biological 

response. Analysis of the conformational differences between the cyclic tetrapeptldes might there- 

fore reveal a "bioactive conformer' which could be used as a basis in the design of possibly more 

effective agents. 

The three-di~nslonal. solid state conformation of the cyclic tetrapeptide dihydrochlamydocin 

(4). shown in Figure 1. was established by X-ray crystallographic methods.3D The structure is 

characterized by two 3-I hydrogen bonds (the bls Y-turn conformation) and the presence of four 

"transold" amide bonds, so-called because they are twisted 15' to 25' fra planarity ( Y = 160' t 

15-25'). Later, the solution conformation of chlamydocln was determined by MR techniques and 

found to be very close to the X-ray structure (Figu.e 2A).31 More importantly. however, It was 
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D-PRO 

Figurn 1: X-rW Crystal Structure of Dlhydrochlmydocln (g).30 

A C 

Fjgure 2: a: Conformation 
&e side chain; 

of Chlamydocin (i) in Chlorofom; the tram-4 (T4) Confomatlon. R = 
b: Confomntlon of Chlamydocin (3) inm, the cls.trans.trans.trans 

(CT3) Conformation. R = Aoe side chain; c: one of several possjble 
cls.trans.cis.trans cyclic tetrapeptide ring confomations (CTCT). Rode1 Is of cyclic 
tetraglyclne. 

observed that addition of a hydrogen-bonding solvent, such as dimethylsulfoxlde (DRSO) or methanol, 

to deuterochlorofom (CDC13) solutions of chlamydocin promoted a new confomation.32 Extensive NMR 

analysis established that this alternative confomation differed from that in the solid state in 

that It contained one & amide bond (Figure 28). In this discussion we will tern this a 

cis.trans-3. or CT3. confomatlon and the all transoid confomation will be abbreviated T4. Thus, 

in DMSO, chlamydocln adopts the CT3 conformatlon shown in Figure 28 in which there is a cls amide 

bond between Phe-D-Pro. 

HC-toxin In CDC13 has been shown to exist in the intramolecularly hydrogen bond stabilized 

bis y-turn (T4) conformation, very similar to chlamydocln.33 Ue have observed that HC-toxin is 

somewhat more stable in this confomatlon. 34 but addition of hydrogen bond breaking solvents (e.g., 

DMSO-d6) does cause conformational interconversion. Sane 3DX of the cyclic tetrapeptide adopts a 

new conformation shown from confomatlonal analysis of the model peptide, cyclo(L-Ala-O-Ala-L- 

Ser(Bz1)-D-Pro).34 to be the CT3 confomation. 

Other model cyclic tetrapeptide confomatlons have been detemlned by NRB spectroscopy as part 

of systemtic studies of the conformation of cyclic tetrapeptides in general, 35s36 or fran slmpll- 

fled analogs of the naturally occurring compcund~.~~~~~*~~*~' Both the bis y-turn (T4) conforma- 

tion, and the CT3 structure 32.35.37.38 are observed. The latter, as noted previously, appears In 

dipolar aprotlc solvents as a result of breakage of the intramolecular hydrogen bonds. and trans to 

g& iscmerlsm of one of the amide bonds. 

A third confomatlon found for many cyclic tetrapeptides contains an additional & amide 

bond. yielding a cls.trans.cls.trans (CTCT) array (Figure 2C). Although this confomatlon had not 

been reported for any of the highly biologically active compounds related to chlaqydocln. Its 

repeated observation In model systems, 3g-41 both by solution NeR methods, again in polar solvents, 

and by X-ray crystallography,42 coupled with the suggestion that in certain symmetrical structures 

this array has unusual energetic stablllty,43 prompted us to synthesize analogs which would, 

firstly, show this confomatlon In solution, and secondly, possess the side-chain epoxyketone 

functionality to instil the possibility for bloactlvity. 
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Evaluation of Analogs Constrained to the Cis.Trans.Cis.Trans Conformation. 

Examination of models suggested that replacement of the Alb residue in chlamydocln with L-Pro 

would yield a compound, cyclol-Ace-Pro-Phe-D-Pro-]. IL-Pro]'-chlamydocln (26). which would be 

unable to exist in the CT3 conformation and would be either T4 or CTCT. 

Analog 26 was synthesized using the standard techniques eqloyed in our 1aboratory.22 The use 

of racemlc D.L-Ade-OEt as the Aoe-precursor25 entailed a separation of the two dlastereomers at the 

protected linear tetrapeptide stage: this was, however , readily achieved chromatographlcally. Sim- 

ilarly, a mixture of dlastereolrers at the g-position of the epoxide was produced durlng the last, 

nonstereoselective oxidatlve reaction In the assimilation of the side-chain functionality. This 

mixture was not resolved because we have shown that the configuration at this center Is not crucial 

for bloactivity; the unnatural OR-isomer has biological aetlvlty approximately 3-4 fold less than 

the natural 9S-capound.22 The OR&mixture thus has only slightly lower activity than the pure 

9S-diastermr. 

The insolubility of the product in COC13 prevented NClR data being collected in nonpolar sol- 

vents, however, the 'ii- and 13C-NMR spectra of this material in OHSO-d6 when compared to cyclol- 

Ala-Pro-Phe-D-Pro-] (27). synthesized analogously using L-Ala-One instead of D.L-Ade-OEt. and also 

insoluble in CDC13, clearly indicated that both X-Pro amide bonds had the cls conflguratlon.44 

More detailed proton NM-MOE experlwnts conflraed the CTCT conformatlon.34 

A further examination of molecular models suggested that another analog cyclol-Aoe-D-Pro-Phe- 

D-Pro-l, ID-Pro12-chlamydocin (28), might also exist preferentially in the CTCT conformation. 

Conparlson with the enanticuerlcally related, known cyclic tetrapeptide cyclol-D-Phe-Pro-D-Phe-Pro- 

1 (29)36 suggested that 28 might adopt a bls T-turn conformation In CDC13 but should indeed exist 
in the CTCT conformation in polar solvents. Synthesis of 3 was carried out analogously for 26i 

the product again being a mixture of diastereomerlc epoxides. NMR conformational analysis Indi- 

cated that, llke the enantiomerlc model compound cyclol-O-Phe-Pro-D-Phe-Pro-] (29). this material 

existed in the all transold. T4 conformation in COC13. but that in DMSO-d6, the 

cis.trans.cis.trans. CTCT conformation predominated. 

When these coqounds ware tested In the antimitogenesls assay, [L-Pro12-chlamydocln (26) 

showed an II& of 7000 ng/ml. The IO-Pro]'-chlamydocin analog (28) showed an IC5O of 200 ng/ml. 

The coaparatlvely poor activity of 28 strongly mitigates against the cis.trans.cis.trans being the 

bioactlve conformation, but the extremely poor activity of 26. which Is "locked" in the CTCT 

conformation, and which demonstrates an IC5O value less even than N-lsovaleryl Aoe. benzylamlde 

(3). conclusively excludes consideration of the cis,trans.cis,trans conformation as the bloactlve 

conformation. 

WF 3161 as a Conformationally Constrained Analog. 

WF 3161 is the most active Aoe-containing cyclic tetrapeptide tested in our antimitogenesis 

assay. 20 Like Cyl-2 and unlike chlamydocln. however, WF 3161 contains an L-pipecolate residue 

instead of Ii-proline, i.e., an L-6-membered imino acid as opposed to a D-5-membered residue. The 

configurations of the amino acids were established by means of hlgh field proton NMR-MOE measure- 

ments. circular dichroism work and by amino acid analysis before and after digestion with amino 

acid oxidases. This established the sequence as cyclo[-L-Aoe-D-Phe-L-Leu-L-Pip-].35 

NM confonnational analysis of WF 3161 In both COC13 and WSO-d6 revealed that this cyclic 

tetrapeptide ring system adopts only the CT3 cyclic tetrapeptide ring system conformation (Figure 

3); we have not been able to detect the all transoid conformatlon under any conditions.35 Inter- 

estingly, conformational analysis of the agent Cyl-2 and simplified models without the Aoe-residue 

indicate that Cyl-2 also exists preferentially in the CT3 conformation.37*36 

When one compares the different conformations which have been observed for all the cyclic 

tetrapeptides. It is clear that all the very potent conpounds are ones which contain or can adopt 

the CT3 amide bond configuration in the ring system conformation (Table 3). IL-Pro12-chlamydocin. 

cyclol-Aoe-Pro-Phe-D-Pro-1 (26). which cannot adopt the CT3 conformation. is considerably less 

active. However, cyclol-Aoe-D-Pro-Phe-D-Pro-l (28). which has been shcwn to exist in two confor- 

mations, the all transoid in nonpolar solvents and the CTCT In polar solvents, possesses intermedi- 
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Figure 3: The Solution Confomatlon of WF-3161.35 The amide bond between L-Leu-L-Pip is &. 

ate biological activity. The CT3 conformation has not been observed for this compound but It can 

be envisaged that in a stepcise transition between the T4 and the CTCT conformations where each X- 

Pro aide bond rotates in turn, a CT3 conformation can be proposed as a possible Mastable Inter- 

madiate. It would be this energetically less favorable conformation which would bind to the recep- 

tor and would explain the interuedlate activity of this conpound between WF 3161 and cyclol-Aoe- 

Pro-Phe-O-Pro-) (26). 

These observations strongly suggest that the cls.trans.trans.trans (CT3) aulde bond ccnforma- 

tlon of the cyclic tetrapeptldes is the one most closely associated with tk bloactlve confoma- 

tion. The primary justification for this assulptlon is the inability to observe any conformation 

for WF 3161 and Cyl-2 other than the CT3, yet they are the two most potent agents in our bioassay. 

The alternate conformations observed for the other cyclic tetrapeptldes result in lower biological 

activities. 

Teble 3: Ring Systa Modified Cyclic Tetrapeptldes. 

COWWND (Ro.) CONFOiMATION IN CONFORnATION IN 

NBNPOLAR SOLVENTS" POLAR SOLVENTSa 

WF 3161 (2) CT3 
Cyl-2 (j)C CT3 
Chls*ydocln (4) T4 
Chlanydocln T4 
chloromathylketone (I6) 

M-toxin (I) T4 
K-toxin T4 
cloraacthylketone (I9) 

IL-Phaj3 K-toxin (T4) 

chlorooethylketona (20) 

ID-Pro]' Chlsllydocln (2B) T4 

Iva-D.L-Aoe-NH-Benzyl (23) - 

[L-ProI Chlamydocln (26) CTCT 

Ac-O,L-Aoe-OEt (22) - 

CT3 

CT3 

CT3 

CT3 

(CT3)d 

(CT3) 

(CT3) 

CTCT 

CTCT 

$0 (n9/mllb 

The ona anomaly to this pattern is K-toxin. Whereas HC-toxin demonstrates notable bloactlv- 

Ity and can adopt a CT3 &de conformation. the CT3 conformation of K-toxin, in which the m 

amide bond is between Aoe-D-Pro, differs froAl the CT3 conformar for chlamydocln, in which the @ 

amide bond lies between Phe-D-Pro. It is quite evident that the & amide bonds are on opposite 

sides of the cyclic tetrapeptlde ring systaa (cf. Figure 48 vs Figure 28). For HC-toxin's CT3 
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confoMtlcn to be Isostetlc with chlamydocln's CT3 confoMtlon the &e-D-Pro tertiary aide bond 

must be e and the secondary mlde bond Ala-D-Ala uurt be _cls (Figure 4C). Ye have not detected 

this confoMtlon In solution, but the pmsence of cis secondary aside bonds has been observed in - 
cyclic tatrapeptlde ring systems, particularly In CTCT confomatlonal arrays. 37 Awmlqortant 

precedent, hcnxever. Is provided by dihydmtentoxin (SD), formd by hydrogenation of another plant 

toxin tentoxln,'15 the crystal structure of which Is shown In Figure 5.45 Dlhydrotentoxln contains 

two cls snide bonds, both secondary, and two tram aMde bonds, both tertiary. The existence of - 
this olecule clearly indicates that the unusual confomatlon proposed for HC-toxln might be 

thenPdynn1cally possible. 

pN n 

Flgum 4: Ring Confomtlons of HC Toxin. a: The m-4 Confomatlon In Chloroforr.33 See 
Flgums 1 and 21 for related confomatfons. b: A CT Ring Systea Confomtlon With the 
cls &Pro klde Bond. Du - Aae slda chain. Hydroien ataas are deleted c: Proposed 
fictive CT Confomstlon With a cls Ala-D-Ala A&de Bond shown In a croised stereo 
mpresentatlk. Du - Aoe side chax Hydrogen atoms have been deleted. 

Figure 5: X-ray Crystal Structure of Dlhydrotentoxln (3D).46 
trans and both secondary ulde bonds am &, 

Rote both tertiary amide bonds am 

In order to test the energetlc stablllty of the CT3 confomatlon, we used caplterlzed rolecu- 

lar modeling techniques and energy minimization lnethods to see If the ring system conformations of 

the three pamnt structums. chlaqydccin. &toxin and WF 3161. could be constrained reasonably to 

one CT3 ring system conformation. Our analysis also provided the mlative energies of the various 

CT3 cOnfO~tlOnS generated for all the coqarnds. and the otherwise unobserved T4 conformation for 

WF 3161. If the force field calculations that we undertook wre to be relied upon, then a clear 

dlfferentlatlon between these various conformations should be apparent. Furthermore. they shou?d 
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predict the CT3 conformations to be lower in energy than the T4. 

The calculations were carried out on a VAX 11/7B5 using the SYBYL molecular graphics software 

supplied by Tripos Associates of St. Louis. We used the MAXIMIN energy minimizers and parameters 

contalned In that program. The amide parameters are derived fron those reported by White. who 

first calculated cyclic tetrapeptlde conformations.47 They should therefore be highly reliable for 

calculations of this type and were not modified. 

Another factor which oust be considered in these calculations Is the possibility of unusual 

side-chain conformations. All non-proline side-chain containing residues were treated as alanlnes 

except for the pipecolate ring system in WF 3161. In order to evaluate mltiple plpecolate ring 

conformations we used the SEARCH algorith contained within SYBYL. This program enables one to 

estimate all such possible conformations, within reasonable limits (10' torsion angle increments) 

that the molecule might adopt. Ue found. not surprisingly, that the 6-membered pipecolate rlng 

could exist In 2 or 3 distinctly different ring-flip conformations. One of these, hcwever. was 

found to be significantly lower in energy than any of the others; we therefore focused on this 

lowest energy ring conformation for the pipecolate residue in our WF 3161 calculations. 

The relative energies of the cyclic tetrapeptide conformations are shown in Table 4. In the 

absence of any attempt to fit these different structures one to another, two observations inedl- 

ately emerged. Firstly, in all three cases the CT3 cyclic tetrapeptide conformation was lower In 

energy than the corresponding T4 structure. In the case of WF 3161. the CT3 tetrapeptide ring 

conformation was about 5 kcal more stable than the T4 conformation, which Is consistent with our 

failure to detect the T4 confomation In either polar or nonpolar solvents by NMR methods. Sec- 

ondly, the differences between the CT3 and T4 conformations are about the same for all three cyclic 

tetrapeptide systems. This suggests an additional factor, not yet identified, which must destabil- 

ize the T4 conformation of WF 3161 In solution since it has not been observed. More sophisticated 

calculations on these conformations particularly to include solvent contribution will be needed to 

identify and quantify these other effects. 

We then extended the energy calculations to l force-fitM the different ring conformations to 

each other. This was carried out using the nulti-fit subroutine contalned within the ClAXIklIN 

module of SYBYL. Ilrltl-fit allows one to force atorss into c-n coordinates by using known 

amounts of energy, then to observe how the system responds to this stress. When chlamydocln. HC- 

toxin and WF 3161 were fitted in this way, we found that the molecules could adopt very similar 

conformations with respect to the 12 atoms in the cyclic tetrapeptide ring system. 

The resultant structures for chlamydocin, HC-toxin and WF 3161 are shown superimposed In 

Figure 6. These structures were fitted with respect to the 4 o-carbons in the 12-rnerabered ring 

system and to the Aoe slde-chains. The results are consistent with the proposal that all three 

structures can adopt the CT3 conformation as the bioactive conformation. It should be mphasized 

that the different side-chains on each ring system will alter the topology of each analog leading 

to the observed slight differences in biological activity. 

The fact that active analogs can accamodate either L-pipecolate or 0-proline suggests that this 

corner of the cyclic tetrapeptide system does not interact tightly with the receptor. Conformation 

4C for HC-toxin is calculated to be quite stable. Its overall conformation is closely analogous to 

that of UF 3161. The cls amide bond between Leu-Pip In WF 3161 is mimicked by a & amide bond 

between Ala-O-Ala in HC-toxin. and on the corners of the tetrapeptide ring system, the side-chains 

project into essentially identical space. The presence of a cis amide bond between Ala-D-Ala in - 
HC-toxin may provide an explanation for the approximately 2-fold lesser activity of the IL-PheJ3 

HC-toxin analog (2D). Any i-roved Binding capability that might be provided by the aromatic slde- 

chain may be outweighed by a greater energy barrier to the Phe-D-Ala amide bond having to rotate 

from trans to cis as compared to the Ala-D-Ala bond in HC-toxin itself. This has not, to date, -- 
been calculated but may result In the demonstration of greater stability for the T4 conformation of 

this compound. The resultant lower stability of the CT3 conformation vould be manifested by 

decreased bioactivity. Similar arguments could be used to explain the lower activity of IGly14 HC- 

toxin (6). albeit in this case with respect to a different receptor. Force field calculations 

taking into account these side-chain contributions should predict such results, but these have not 
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Table 4: Relative Energies of IClltl-fitted Cyclic Tetrapeptlde CmfoMtions. 

693 

COWWND T4 COWFOIMATION (kcal) CT3 CONFORMATION (kcal) DIFFERENCE 

WF 3161 (5) 15.58 10.7 5 kcal 

Chlamydocln (4) 18.75 12.5 6 kcal 

K-toxin (1) 17.52 11.5 6 kcal 

Figure 6: Crossed stereo representation of the superimposed MF 3161, Chlamydocln and K-toxin 
MIlti-fit CT 

a 
Confo~tlcns. Hydrogen atoms have been deleted for clarity. Oarker 

lines are th MF 3161 ring system. Prollne on left Is In K-toxin; prollne on right Is 
In chlamydocln. 

as yet been instigated. 

Finally, It orvze again bears reemphasizing that throughout this work we have been considering 

one blologlcal testing system, the antimitcqenesls assay, which yields only IC50 data at a fixed 

time point, 24 hours. As such, this gives only non-equilibrium Inforratlon (for a presumed alkyla- 

tion reaction) and no indication of the rate constants for the Inhibitory process. It Is possible 

that the higher activity of, for example. UF 3161 over HC-toxin. Is a manlfestatlon of a faster 

over a slower alkylation during some critical tlm period In the cell's cycle. Similarly, It may 

be that the second order rate constants for the binding of the peptlde ring system are very dlffer- 

ent for colpcunds such as WF 3161 and chlaydocln. although their I$ values are very similar. 

Withwt the isolated enzyme or receptor to yield K)re reliable kinetic data for these c4lpounds. 

such posslbllltles cannot, at this stage, be resolved. 

Conclusion. 

The results we have described herein lead us to propose the bloactive conformation for all 

members of the cyclic tetrapeptlde family of cytostatic and antlmltogenlc natural products to be 

one containing a cls.trans.trans.trans array for the four amide bonds In these capounds. This 

backbone conformation Is shown for the representatives chlamydocln. HC-toxin. and WF 3161 in Figure 

6. We suggest this bloactlve conformation only with respect to the fixed tiae point antimltcqene- 

sls assay, firstly, because it Is entlrely possible, in view of the recent discoveries of lultlple 

conformations shown, for example, by peptide hormones, that the bloactlve conformation for the 

specific plant toxin activities of HC-toxin. chlamydocln. and Cyl-2 might be slightly, or possibly 

even radically dlfferent from the CT3 conformation proposed above for antlnltogenlc activity: and 

secondly, in the absence of quantitative data on the rates of inhlbltlon and dissociation constants 

for the binding of these compounds during the thermodynamically sensltlve prealkylation step, the 

antlmltogenesls bioassay may be yleldlng IC50 values that suppress differences between analogs (see 

Ref. 24 for a detailed discussion of this point). Isolation of the target enzylae. or enzynxz sys- 

tems, for these agents would result in better kinetic data beccmlng available which would categorl- 

tally discriminate between the receptor-binding afflnltles of different cyclic tetrapeptlde se- 

quences and conformations. This would lead, ultimately, to conclusive proof of the bloactive 

conformation for these compounds. 
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