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ABSTRACT 

One of the metabolic products of the fungus Isaria cretacea has been found to  yield four 
different amino acids and a hydroxyacid on acid hydrolysis. The amino acids were identified 
as glycine, L-alanine, L-valine, and D-leucine, and a quantitative analysis showed them to be 
present in the molar ratio of 1:1:2:1, respectively. The hydroxyacid was identified as  D-0- 
hydroxydodecanoic acid. These units appear to  be combined in a simple cyclic structure by 
means of peptide bonds and an ester linkage between the hydroxyl of hydroxydecanoic acid 
and the carboxyl of the C-terminal amino acid. The  sequence valine + P-hydroxydodecanoic 
acid -t glycine has been established. 

In an earlier study (1) it  was reported that two strains of Isaria cretacea van Beyma 
had been isolated from the heteroltaryotic parent organism. The most noteworthy 
difference between them was the ability of strain A to produce phototropic synnernata 
under suitable conditions of growth, whereas strain B formed only a highly branched 
aerial mycelium. Nutritional differences were also discovered, and the ability to develop 
synnemata was correlated with a low rate of growth. 

During an examination of the metabolic products of the two strains a new depsipeptide, 
which has been named isariin, was isolated. I t  was found to  be present in both strains 
A and B as well as the parent heterokaryon. 

Isariin was obtained as colol-less needles, m.p. 249.5-250.5" C, after repeated recrystal- 
lizatioll from aqueous ethanol. Analyses and molecular weight estimations indicated the 
molecular formula C33Hj90iNj The infrared absorption spectrum provided evidence for 
ester and secondary amide groups. Isariin possessed neither acidic nor basic functions, but 
could be hydrolyzed in mild alltaline conditions to  the monobasic isariic acid C33H6108N5. 
That  the infrared absorption maximum a t  1727 cm-l in this product was that of a carboxy 1 
and not the unchanged ester carbonyl was shown by converting it  to the sodium salt, 
when the maxinlum was shifted to 1603 cm-'. 

Vigorous acid hgrdrolysis of isariin yielded an  ether-soluble product which was separated 
into neutral and acidic Iractions. The acid, n1.p. 62.8-63.2' C, gave analyses and a 
neutralization equivalent indicating the ~llolecular formula C121-12403. The infrared 
spectrum showed maxima attributable to an aliphatic hydroxyacid, and upon distillatioll 
i lz  vacz~o a product was obtained which had infrared maxima consistent with those of an  
unsaturated aliphatic acid. This was converted with the uptake of approximately 1 mole 
of hydrogen, over palladium catalyst, to  lauric acid. From the ease with which the 
hydroxyacid was dehydrated and fro111 the properties of the unsaturated acid the hydroxyl 
group was thought to  be in the P-position. This was confir~ned by synthesis and resolutiou 
of DL-P-hydroxydodecanoic acid. Fractional crystallization of the D-amphetamine salt 
of the racemate afforded a levorotatory acid which was indistinguishable from the 
hydroxyacid of isariin. dextrorotatory isomer was also separated and on admixture 
with an equal part of the natural acid or synthetic levorotatory isomer gave a product 
which was identical urith the synthetic DL-racemate. The dextrorotatory isomer was also 

'Isszled as 1V.R.C. No. 6598. 
Presented, i n  part, before the d l s t  Annual  Conference of the Chei~zical I~zstitzrte of Canada i n  Torotzto, Ontario, 

i l h y  26-25, 1955. 
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inclistinguishable from a salnple of authentic L-P-hyclroxyclodecanoic acid Itindly furnished 
by Dr. I<. Serck-Hanssen, who synthesized the compound by anodic chain extension (2) 
of methyl L-0-acetoxy-7-carboxybutanoate. Admixture of the authentic L-isomer with 
the natural acid or the levorotator\7 isolner obtained by resolution of the racemate gave 
a product indistinguishable from the racemate. I t  is therefore concluded that the corn- 
pou~id present i l l  isariin is D-0-hydroxydodecanoic acid. 

The neutral fraction from acid h j  drolysis of isariin was an oil witli an infrared maxim~un 
a t  1765 cm-I, suggestive of a lactone group. Upon alkaline hydrolysis 0-hydroxydodecanoic 
acid was obtained as  the only product, indicating that the material was a lactide formed 
by interesterification of the hydroxyacid. 

Paper cliromatographic examination of tlie aqueous solution from the acid hydrolyzate 
detected glycine, alanine, valine, and leucine. These were separated on a cellulose column; 
alanine and valine were found to be of the L- and leucine of the D-configuration. Quanti- 
tative analysis of tlie hydrolyzate showed that glycine, alanine, valine, leucine, and 
0-hydroxydodecanoic acid were present in the ratio 1:1:2:1:1, respectively. 

Hydrazinolysis of isariic acid indicated that  one of the two molecules of valine possessed 
a free carboxyl group and must, therefore, have been esterified with the hydroxyacid in 
isariin. This result was confirmed by subjecting isariic acid to  the Dakiii-West reaction 
(3). Vigorous acid hydrolysis of the product showed all four amino acids to be present in 
equimolecular amounts. Carboxypeptidase also releasecl valine, but no other amino acid. 
Absence of enzymatic hydrolysis after the re~noval of valine suggests that the D-leucine 
may then have been in the penultimate position. I t  is unlikely that D-leucine was the 
newly formed C-terminal unit since its initial presence in the penultimate position should 
have prevented any action by carboxypeptidase on isariic acid. Less probably the lack 
of further.action on the peptide by carboxypeptidase might have been due to the appear- 
ance of alanine in the terminal position, thus providing a relatively poor substrate for 
continued hydrolytic cleavage (4). 

Partial hydrolj-sis of isariin gave an ether-extractable fraction which, on complete 
hydrolysis, yielded mainly glycine and P-hydroxydodecanoic acid. I t  was concluded that 
these two components were directlj~ linked in the original compound. Five ninhydrin- 
reacting products, in addition to the constituent amino acids, were separated paper 
chromatographically from the partial hydrolyzate. In each instance they were found to 
contain all five amino acids and probably also the hydroxyacid. They are presumed to 
have been for~iled by ring opening of isariin a t  the various peptide bonds. For the depsi- 
peptide a partial structure which is supported by the evidence a t  present available is 
shown in Fig. 1. 

During the early part of this investigation it was noted that analysis of tlie compo~~ents  
in various preparations of isariin did not yield whole ~iumbers of amino acids. In particular, 
the content of alanine was frequently higher, and of valine lower, than found in samples 
which had been repeatedly recrystallized from aqueous ethanol. The presence of traces of 
an amino acid with an Rf corresponding to that of a-aminobutyric acid mas also noted. 
Attempts to  separate the crude material into components by paper chromatography were 
unsuccessful, but these observations suggestecl that  I. cretacen produced a ~nixture of 
depsipeptides related to  isariin, and that  tlie latter \Iras not tlie major constituent under 
all conditions of culture. 

Depsipeptides containing a 0-hydroxl-acid are relat ivel~~ uncommon. To  the authors' 
]<nowledge, they have been reported only in esperin (j), an antibiotic containing 
P-hydroxytridecanoic acid obtained from B n c i l l ~ ~ s  m e s e n t e r ~ c t ~ s ,  and in serratamolide, 
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recently isolated (6) from Serratia strains and shown (7) to possess ~-/3-hg~droxg~deca1~oic 
acid. /3-I-Iydroxydodecanoic acid appears not to have been previously isolated and 
unequivocally identified from a natural source, although Bergstrom and co-worlcers (S) 
appear to  have obtained some evidence for its presence in the fatty acid components of 
crude pyolipic acid from Pse~~dornonas pyocyanea. 

EXPERIMENTAL 
Prodrrctiolz of Isariilz 

I n  a typical experiment a covered glass tray ( 9 x 1 5  inches) containing 400 1111 \\:.G.:\. nledium (9) sup- 
p leme~~ted with neomycin (5 mg) \\;as seeded with the parent strain of I. oetacea \.all Bey~ua  by flooding 
the surface of the agar with a si~spension (27 ml) of a standard spore i~~ocu lum (1) and incubated a t  28-30° C 
for I 6  days. The mycelium (wet weight 1.1 g) \\,as then scrapctl fro111 the agar surface, s~~spentletl in ethanol 
(100 ~ n l ) ,  and macerated i l l  a \\'aring blcrldcr. Tile slurry \\,as liltered and the residue rc-extracted ttvicc in 

, . 
the salne Illanner. 1 he extracts \vcrc c o ~ n b i ~ ~ e t l  and evaporated to t lr) .~~ess.  The residual solid thus obtained 
was twice extracted \\.it11 ethyl acetate (250 1111) under rellus for 30 minutcs. The s o l u t i o ~ ~  \\-as co~lce~ltrated 
to tlryness and the gummy residue trituratetl with several portions of p e t r o l e u ~ ~ ~  ether, 11.11. 30-60" C. The 
insoluble white solid \\,as crystallized from ethyl acetate as  line needles and constituted c r ~ ~ d e  isariin (18 mg), 
111.p. 250-252' C. Found: C, tiU.84';,;; FI, 8.88'7;; S, 1 1 . 8 5 ~ ~ .  

St ra i l s  -A and B gro\vn i l l  the same manner yielclcd 1.0 ant1 1.0 g of \vet n ~ y c e l i ~ ~ n ~  fro111 which 44 and 21 
Ing, respectively, of crude isariin \\.ere isolated. 

In all alternative proceclurc 25O-ml Erlenmeyer llaslcs containing lIJ.G.B. rnedi~1111 (50 ml) \\,ere inoculated 
with 0.5 rnl of a standardized spore suspension ( I )  of strain A incubatetl a t  28-:30° C on a rotary s1lal;er for 
8 tlays. The myceliun~ \vas the11 separated and extracted with ethanol as  above. 'The filtrate lvas estractetl 
with three portionsof one-half volu~neeach of n-butanol. Theethanolic and butanolic cxtracts were co~nbiiled, 
evaporated to dry~icss, and the resiclue \vorl;ed LIP, as described above. The yield of crudc isariin in a typical 
experimeiit was 250 mg/liter of cu1t~11-c medium used. 

PuiifLcatio?~ a d  Properties 
Crude isariin was recrystallized t\\.ice from ethyl acetate, a ~ ~ d  then six times from aqueous ethanol to 

give fine, colorless needles, n1.p. 240.5-250.5" C. Found: C ,  (3'2.127,; I-I, '3.1 lYG; N, 11.14%; molecular 
weight (Rast in D-borneol) 551, (isothermal distillatioll i n  ethanol) 609; saponilication equivalent, 638. 
Calc~~la ted  for Ca3H580iN5: C, 02.117;;; FI, 9.325:;; K, 10.9S(;I; molecular weight, G:37.8. The ~~ l t r av io l e t  
spectrum ill ethanol showed end absorption. Principal infrared maxima (I<Br disl;) \\.ere a t  3300, :3060 (w), 
2950 (shoulder), 2920, 2855, 1735, 1050 (broad), 1533 (broad), 1470, 1450 (shoulder), 1380 (broad), and 
1190 cnl-l. Isariin is easily soluble in ethanol, methanol, or chloroform, less readily in acetone, poorly in 
ether or ethyl acetate, and insoluble in benzene, petroleum ether, water, 2 N sodiu~u. hydroxide, or hydro- 
chloric acid solution. 

Alkali?~,e Hydrolysis of Isariin 
Isariin (31.6 ~ n g )  was dissolved in methanol (4 ml), and 0.1 iV I<OH solution (1 nil) added. After 48 hours 

a t  40" C the solution \\!as acidified with 0.1 N FICI ('2 ~ n l )  and cooled to O 0  C. The  gelatinous precipitate was 
separated, washed \\;it11 water, and dried. The  residue (24 mg) \vas crystallized twice from aqueous ethanol 
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as  fine needles, melting indefinitely from 194 to 200' C. Found: C, 60.35C/;; 11, 9.375;; K, 10.49%; molecular 
weight (Rast in D-borneol) 570; neutralization equivalent, 651. Calculated for C33H6108K5: C, 60.43%; H,  
9.38%; N, 10.GS~o; molecular weight, 655.9. Infrared maxima (KBr disk) for the free acid were a t  2600 
(broad, w), 1727, 1635 (broad), and 1543 (broad) cm-I: for the sodium salt a t  1655 (broad), 1603, and 1542 
(broad) c~n-I. 

Acid Hydrolysis 
Isariin (98.5 mg) \\-as heated for 48 hours a t  100' C in a sealed tube with 20% (m/v) HCI (5 ml). The 

reaction mixture, which contained a brownish oil a t  the surface, was diluted xvith water to  20 1111 and extracted 
thoroughly with ether. The ethereal extracts, on evaporation, left a partiall>- crystalline oil (25.8 mg). 
Calculated for fornlation of 1 mole of C1kI2103: 33.2 mg. This was separated into acidic (18.7 111g) and 
neutral (6.8 mg) fractions by distribution between ether and 0.5 N Ka?COs solution. 

The acidic fraction x\ras crystallized twice from petroleum ether as  colorless needles, 111.p. 02.8-63.2' C, 
[aIn?5 - 15.2" (c = 3.4 in CIHC13). Found: C,66.42%; H, 11.067,; neutralization equivalent, 218. Calculated 
for CI2NI4O3: C, 66.63%; H ,  11.18%; lnolecular weight, 216.3. Principal infrared maxima (I<Br disl;) \\,ere 
a t  3525,3425,3000, 2920,2850,2660 (broad), 1735, 1706, 1675, 1-172, 1436, 1416, 1395, 1365, and 1295 cm-1. 

The neutral fraction nras hydrolyzed by being heated for 3 hours under reflus in a misture of ethanol 
(4 ml) and 4 N NaOI-I (1 ml). The acidic product (7 mg) was crystallized fro111 petroleum ether to give fine 
needles, m.p. 62.5-63.0" C: undepressed on admixture with the acid obtained directly from hydrolysis of 
isariin. 

The aqueous solution fro111 the acid hydrolysis was evaporatecl to  dryness over solid Ka0I-I. I t  ga1.e a 
strongly positive ninhydrin test and paper chro~natography in several colnmon solvent systems showed four 
ninhydrin-reacting substances to be present. These were identified by direct comparison with standards as  
glycine, alanine, valine, and leucine. 

The residue dissolved in a mixture of set-butan01 (12 1111) and 370 aqueous amunonia (-I ml) was chroma- 
tographed on a colulnn (2.5XGO cm) of powdered cellulose developed with the s a n e  solvent system. 
Fractions (10 1111) were collected and tested for the presence of amino acids by paper chromatography. 
Appropriate fractions verc combined and evaporated to  dryness. The residue from each was crystallized 
frO1ll aqueous ethanol and then sublimed under high vacuunl for analysis. 

The first yielded glistening, colorless plates from aqueous ethanol, [a]D?' -13.0" (c = 0.67 in 6 N HCI). 
Found: C, 54.96%; H ,  9.84%; N, 10.58%. Calculated for C G H ~ ~ O ~ S :  C, 54.947,; H,  9.99(,Y0; N, 10.687,. 
The infrared spectrunl (I<Br disk) was indistinguishable from that of authentic D-leucine. 

The second compound crystallized as  colorless plates, [ a ]~? '  +30.0°' (c = 0.01 in 6 iV MCI). Fourld: C, 
51.349;; H, 9.5070; N, 11.967,. Calculated for CaH1102N: C, 51.26%; I-I, 0.474[,; S, 11.96%. The infrared 
spectrum (IiBr disl;) was indistinguishable from that  of authentic L-valine. 

The third colnpound crystallized as  colorless prisms, [a]n2' +17.0° (c = 0.56 in iVHC1). Found: C, 40.14yo; 
13, 7.60%; i i ,  15.-11)70. Calculatecl for CsH;O?N: C, 40.44y0; 1-1, 7.92'/1; S, l5.72YG. The infrared spectrum 
(l<Br disl;) \vas illdistillguishable from that  of authentic L-alanille. 

The  fourth compound crystallized as  colorless needles, m.p. 232" C (deconip.). 1;ound: C, 32.107;; H,  
13.54%; N, 18.43%,. Calculated for C?I-IsOzN: C, 32.007;; H, 6.71%; N ,  18.667;. A luixed lnelting point with 
authentic glycine showed no depression, and the infrared spectra (KBr disk) of the two substances were 
indistinguishable. 

Lnz~ric Acid 
\illlcn the ether-soluble acid fro111 the acicl hydrolysis of isariin was distillecl i ? ~  vaczlo (10-2 n1n1 I-Ig) in a 

sublilnation blocl; a t  a blocl; temperature of 100" C a discrete fraction was collected \vhich, on cooling in 
an  ice bath, formed a white crystalline solid, m.p. 25-26" C, wit11 i~ifrarecl nlasima (film) a t  2920, 2850, 
2680 (broad), 1695, 1650, 1470, 1423, 1380, and 983 cm-I. The  substance took up hydrogen equivalent to 
0.91 mole/nlole, calculated 011 the basis that  it was dodeccnoic acid, and yielded an acid, m.p. 40-41' C, 
which gave a single peal; on gas-liquid partition chromatography, using a column containing dicthylene 
glycol succinate as liquid phase, with the same retention time as  lauric acid. i\ nlixture with authentic lauric 
acid, m.p. 42.5-43" C, gave n1.p. 41.5-43" C. The infrared spectra of the two substances \\:ere indistinguish- 
able. 

Syntl~esis end Resolution of p-Hydroxydodete?20ic Acid 
Ethyl p-lietododecanoate was prepared in a yield of 70% by condensing caproyl chloride uith the sodio 

derivative of ethyl acetoacetate and hydrolyzing the intermediate ~v i th  sodium ~nethylate in methanol, 
according to  the procedure of Hunsdiecl;er (10). The lceto ester was hydrogenated for 2: hours a t  1600 p.s.i. 
and 300" F over Ranel nicl;el, as  described by Skogh ( I l ) ,  hydrolyzed with alcoholic I<OH under reflux, 
and the product crystallized from petroleum ether (b.p. 60-80" C) to yield DL-a-hydroxydodecanoic acid, 
m.p. 68.3-68.2" C, in an  overall yield of -I7YO based on caproic acid. 

T o  the racemic acid (1.22 g) in ether (120 ml) \vas added a solution of D-amphetamine prepared by 
treating D-amphetamine sulphate (2 g) with iV NaOH (20 1111) and extracting the base into ether (25 ml). 
The precipitated salt was redissolved by adding just sufficient ethanol to the refluxing mixture, and allowed 
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VINING AND TABER: ISARIIN 1583 

t o  cool sloxvly to  10' C. T h e  mass o f  fine needles (776 nlg, m.p. 125-129" C )  which separated was relnoved 
b y  filtration and recrystallized twice from ether-ethanol to  give 360 mg o f  material o f  m.p. 119-121" C.  
T h e  free acid was regenerated b y  shaking the product with dilute kIC1 and ether; the ethereal solution \\.as 
dried over anhydrous sodi~lm sulphate and evaporated t o  dryness. The  residue, after crystallization from 
petrole~~ni ether (b.p. 60-80" C), gave needles (172 rng), 1n.p. 62.5-63.25' C ,  [a]$; -l5.2(&1)' (c = 1.6 
in  CHC13). Found: C ,  66.35%; H, 10.9471.. 4 ~ n i s t ~ ~ r e  of equal parts o f  this substance and the hydroxyacid 
from isariin meltecl at  62.5-63.25' C.  The  infrared spectra ( I iBr  dislcs) o f  the two compounCls were 
indistinguishable. 

The  inother liquor from the initial crystallization o f  the D-ampl~etamine salt was cooled to  -40' C t o  yield 
a crop o f  feathery needles (581 ~ n g )  melting mainly at  78-79' C.  After two recrystallizations from ether a t  
low temperature the material (495 mg)  gave a sharp 111.p. o f  78-70' C. T h e  free acid, regenerated as before, 
yielded 2-19 mg o f  small needles, m.p. 61-G3.25" C ,  + l4 .4 ( f  1)" ( r  = 2.8 in CHCI3). ITound: C ,  66.70yc; 
H, 11.28%. The  infrared spectrrin~ o( a sample in a I<Br disl;, prepared b y  evaporating an ethereal solution 
to  dryness on I<Br powder, was identical with that o f  the levorotatory isomer esa~nined similarly. 

No clepression o f  melting point u7as observed when a sample was mixed with authentic ~ - P - l ~ y d r o x ~ -  
dodecanoic acid, 1n.p. 62.3-63.2' C ,  [ a ] ~ ? '  +15.G(il) '  (c = '7.1 in CI-ICIJ, and the two samples hadvirtually 
identical infrared spectra (I<Br disk). \.\'hen admixed with an eq~lal amount o f  the hydroxyacid from isariin 
and recrystallized from petroleum ether (b.p. 60-80" C ) ,  the compound melted at 69-G9.75' C.  X similar 
~n ix t~ l re  o f  authentic L-p-hydrosydodecanoic acid with the natural acid rnelted at 68-69.5' C.  Mixtnrcs o f  
this compound or the authentic ~ - i s o n ~ e ~ -  with the levorotatory product from resolution o f  the raccmate 
melted a t  68.7-69.7° C ancl GO-GO.75" C ,  respectively. All such mist~ires o f  co~npounds with opposite optical 
rotations gave no depression when admixecl with the unresolved raccmate, and had infrared spectra (I<Br 
disks from ether) which were indistinguishable from each other and from the racemate, but diliel.ent from 
that o f  the optically active substances. 

-4 comparison o f  authentic L-p-hyclrosydodecanoic acid mith the acids froin isariin and from resolution 
o f  the racenlate carried out b y  Dr. Serclc-Hanssen yielded results similar t o  those obtained in this laboratory. 

QzLalLtitatiuc il ri~b~zo *.lrid A~ralysis 
sample o f  isariin (G.00 mg), hydrol>.zed in a sealed tube mith 25% w/v I-ICI at  110' for 2; days, was 

extracted with ether, the aqueous phase freed o f  escess hydrochloric acid and made to  2 ml with water. 
Measured amounts o f  this solution were appliecl in triplicate to  paper strips and chromatographed in 
Tz.butanol -acetic acid -water ( 4 : l : l )  at  the same time as mistures containing I~nown amounts o f  leuci~ie, 
\raline, ahnine, and glycine. The  developed chromatograms were dried, treated with ninhyclrin, the density 
o f  the spots measured with a clensitometer, and the amount o f  each arnino acicl estimated b y  comparison 
\vith the standards, accortling to  the procedure o f  Redfielcl and Guzman Barron (12). 

T h e  values obtained for a sample o f  crude isariin sho\ved the content o f  glycine, alanine, valine, ant1 
IeLlcine to  be ( to  the nearest 0.05 mole/mole) 0.95, 1.30, 1.75, and 0.90, respectively. In addition, thcre was 
a trace of an amino acid with R f  values in several sol\.ent systems corresponding to  those o f  a-aminob~l t~r ic  
acid, For preparatio~is o f  isariin purified by  repeated crystallization from aqueous ethanol the content o f  

acids Ivas 1.0, 0.95, 2.05, and 1.0 n~ole/mole,  respectively. 

~ ~ ~ ~ ~ ~ l , z i ~ ~ o l y s i s  of Isa~i ic  Acid 
Isariic acid (1.5 mg) ,  hydrazine sulphate (30 m g ) ,  and hydrazine (1 m l )  were heated in a sealed tube at 

600 c for 16 hours. Escess hydrazine ant1 liydrazides were removecl b y  the method o f  Bradbury (13).  Paper 
c.lrolnatography o f  an aliquot o f  the aqueous solution sho\ved only a single ninhydrin-reacting substance 
with R f  \~alues in several solvent systems corresponding to  valine. \I~hcn the renlaincler o f  the solution was 
treated with 1-fluoro-2,4-dinitrobenme and the dinitrophenylamino acids were separated and paper chroma- 
tograpllcd in ?L-butanol - 35% aqueous ammonia (9:1) ,  a spot corresponding in RI  value with '24-dinitro- 
pl~enyI\-aIine was obtained. 

Dak.i?i-Il'cst Reclc tion 
'TIle clescribed by  Turner and Schmerzlcr (14) was used. Isariic acid (2.5 mg)  \\,as heated in a 

sealed tlllle at 135' C with pyridine (0.25 1111) and acetic anhydride (0.625 ml) .  T h e  contents o f  the t ~ ~ b e  were 
then evaporated t o  dryness and hydrolyzccl by heating ~inder reflux with 6 lV I-ICI for 24 hours. Excess acid 
was removecl in a desiccator containing solid NaOI-I, and the amino acid composition o f  the product estimatecl 
clllantitatively b y  paper chromatography as described above. Glycine, alanine, valine, and leucine were 
present ill the ratio 1.0:1.0:1.05:1.0. 

.:I (-1 jorl of Caibosype/;tidase 011. Isuriic- il r id  
Isariic acid (4.75 mg)  was dissolved in \\later (4.5 ml )  b y  adding 0.1 Ar9H4OH t o  pH 9.0. A suspension o f  

carbosypeptidasc (2 mg)  in water (0.1 ml )  was aclcled, the pH adjustecl with dilute acetic acid to  7.8, and 
the final volume made up accurately to  5 rnl with water. 'The s~lspension was agitated gently a t  rooln 
terllperat~lre and a l iq~~o t s  removed for q ~ ~ a ~ l t i t a t i v e  paper chro~natographic amino acid analysis at 0.5, 
1,  2,  4 ,  8,  and 24 hours. 'l'he only amino acid detected was valine in amounts o f  0.58, 0.62, 0.73, 0.75, 0.86, 
and 0.88 ~nole.'mole o f  isariic acid. 
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Partial Acid Hydrolysis of Isariin 
Isariin (10 mg) was dissolved ill glacial acetic acid (1.5 1111)~ and concentrated HCI (1.5 ml) added. 'The 

solution was kept a t  40' C in a stoppered flask. At intervals, 0.5-1111 aliquots were removed, evaporated to 
dryness, and the residue distributed between equal volumes of ether and water. At 4 days the ether-sol~~ble 
fraction contained no products reacting with ninhydrin, but gave a strong positive test after further 
hydrolysis of the material with 6 N HC1 under retlux for 13 hours. Paper chromatographic examination 
showed this to  be due mainly to glycine, although sr11all anlounts of alanine, valine, and leucine were also 
present. After 6 days, only glpcine could be detected in the hydrolyzate of this fraction. Paper chroma- 
tography of the aqueous fraction showed small amounts of all four amino acids present after 4 days with 
traces of ninhydrin-reactinghydri-reacting material having R, values higher than leucine in all solvent systems examined. 
The proportion of the latter substances appeared highest after 6 days. No compourtds with R, values lower 
than leucine, other than single amino acids, were detected during the 10-day period in ~vhich the hydrolyzate 
was examined. 

The  remaining water-soluble products from all sampling times were combined and separated by paper 
chromatography on a preparative scale. The mixture was applied as a line along the origin of a sheet of 
Whatman 3 WIM paper and the chromatogram developed ascendingly with n-butanol - pyridine - 3% 
w/v aqueous ainrnonia (2:l:l). i\iIarlier strips cut from each edge of the paper and treated with ninhydrin 
showed, in addition to the expected single amino acids of R, values 0.09 (gly), 0.16 (ala), 0.27 (val), and 0.37 
(leu), five distinct purple zones a t  R, values of 0.50, 0.58, 0.65, 0.78, and 0.87. Segluents corresponding to 
these mere cut from the untreated paper and eluted mith 50% aqueous methanol. Each was evaporated to 
dryness and the residue hydrolyzed mith '20% w/v HCI in sealed tubes for 24 hours a t  110' C. The hydroly- 
zates all gave the characteristic odor associated with the presence of P-hydroxydodecanoic acid and, upon 
paper chromatographic examination, were found to contain all of the four amino acids present in isariin. 
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