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Abstract-Purdied cutm from cranberry (Vaccmrum mucrocarpon, var Howes) skm was selectweiy degraded, 
and the cutm acids, as methyl esters, separated by TLC mto seven classes mcludmg monobasic aclds, 
chbaslc acids, monohydroxy monobasic actds, monohydroxy epoxymonobasic acids, mcdlhydroxy chbaslc 
acids, cllhydroxy monobasIc acids and tnhydroxy monobasIc acids Of the 41 components ldentltied m 
cranberry cutm by GLC and MS analyws, 18-hydroxyoctadec-c~-9-en~ acid (9 4%), 18-hydroxy-czs-9,10- 
epoxyoctadecanolc acid (7 5%), 10,16_dlhydroxyhexadecanolc acid (16 7 “/.) and rhreo-9,10,18-trlhydroxy- 
octadecanoic acid (43 7 “/,) were shown to be the maJor constituents 

INTRODUCTION 

PLANT cuticle consists of two parts, the surface wax and the underlying cutin polymer 1 
Cutm IS, primarily, a crosslmked polyester of C I3 to Cl8 hydroxylated fatty aclds213 
although a small proportion of alkyl peroxide and ether linkages have been noted m the 
polymer.4 The role of the cuticle m the protection of the plant has been revlewed by Martin 5 

A number of earher mvestlgators 3*4*6*’ have studied the cutm acid composition of 
several plant cuticles with moderate success, but not until the pubhcatlon of Eglinton and 
Hunnemans was a truly comprehenslve analysis of cutm carried out These mvestlgators 
utlhzed combined gas chromatography-mass spectrometry of cutm acid methyl ester TMS 
ethers for the unequivocal ldentlficatlon of these materials The posltlon of double bonds m 
unsaturated cutm acids, however, cannot be determined lrectly from their mass spectra g 
These mvestlgators,* therefore, employed stereospeclfic hydroxylatlon of cutm acid double 
bonds with osmium tetroxlde, followed by sdylatlon of the resultmg vicinal dlol and 
ldentlficatlon through mass spectrometry to locate the ongmal unsaturatlon. 

The cutlcular waxes of cranberry cuticle have been studied previously m this laboratory.‘O 
This mvestlgatlon IS directed toward determining the cutm composttlon of this material, 
using the techniques developed by Eghnton and Hunneman * 

* Present address Department of Biochermstry and Blophyslcs, Oregon State Umversity, Corvallis, 
Oregon 97331 
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’ E A BAKER and J T MARTIN, Ann Appl BIOI 60,313 (1967) 
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RESULTS 

Cutm membranes were prepared from wax-free cranberry skms by successive treatment 

with dilute acid, oxalic acid, and Z&I,--HCl 3*11 The IR spectrum of a purified cutm 
membrane showed a moderate band at 3450 cm- 1 (v (OH), mtra H-bonding), a strong band 
at 1740 cm-’ (V (C=O), ester), a weak band at 1725 cm-’ (V (C=O), acid) and two weak 
bands at 1100 cm-’ and 1020 cm- 1 (v (CR,O) and v s(CH,O) respectively) The cutm was 
hydrolyzed with methanohc KOH and peroxide and ether linkages reduced with NaI and 
HI respectively 4 The resultmg cutm acids were methylated with diazomethane and the 
methyl esters separated by preparative TLC on sihca gel * As indicated m Table 1, seven 

TABLE 1 R, VALUES FOR CRANBERRY CU~N ACID METHYL 
ESTERS 

Monobasic aczds 0 95 
Dlbaslc acids 0 85 
Monohydroxy monobasic acids 060 
Monohydroxy epoxymonobaslc aczds 0 52 
vzc-Dzhydroxy dlbaslc aczds 035 
Dzhydroxy monobasic acids 0 30 
Trzhydroxy monobasic acrds 0 15 

(Slhca gel G, dlethyl ether hexane methanol, 40 10 1) 

fractions were obtained and characterized as methyl esters of (a) monobasic acids, (b) 
dibaslc acids, (c) monohydroxy monobasic acids, (d) monohydroxy epoxymonobasic acids, 
(e) uzc-dlhydroxy dibasic acids, (f) dihydroxy monobasic acids, and (g) tnhydroxy 
monobasic acids 

Monobasic Acids 

Tins fraction consisted of the methyl esters indicated m Table 2. Components were 
identified by comparison of GLC retentions and mass spectra to reference standards. The 
unsaturated esters, methyl oleate and methyl hnoleate were not well resolved on SE-30, but 
did show GLC retention comcidence with authentic standards The peak contammg the 
unsaturated C, a acids was scanned (GLC-MS) on the upside and downside of the GLC peak 
and the presence of both methyl oleate and hnoleate confirmed Similar analysis confirmed 
the identity of methyl palmltate and methyl palmltoleate The unidentified component m 
this fraction had an apparent molecular weight of 280 and was not a fatty acid methyl ester 

Dlbasw Acids 

GLC showed this fraction to contam SIX components (Table 2). Dimethyl hexadecane- 
1,16-dioate and dlmethyl octadecane-l,l8-dloate were identified by comparison of GLC 
retentions and mass spectra with authentic standards. Dimethyl hexadec-9-ene-I, 16-dioate 
was identified on the followmg bases. (a) all the components m this fraction on TLC have 
the same R, value as long chain diesters, (b) for analogous compounds on SE-30 the order 
of elution is: dl-unsaturated, mono-unsaturated, saturated; (c) the mass spectrum of this 

I1 P J HOLLOWAY and E A BAKW, Plant Physzol 43,1878 (1968) 
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TABLED CONSTITUENTCUTINACIDSOFCRANBERRY CUTIN 

Compound* 
% of total % of the 
cutm acldst fraction 

355 

Monobmrc actds 
Tetradecanolc 
Pentadecanolc 
Umdentlfied 
Hexadec-cw9-enolc 
Hexadecanolc 
Heptadecanolc 
Octadec-crs-9-enolc 
Octadeca-crs-9,12&enolc 
Octadecanolc 
Nonadecanolc 
Elcosanolc 
Henelcosanolc 
Docosanolc 
Tnacosanolc 
Tetracosanolc 
Pentacosanolc 
Hexacosanolc 
Heptacosanolc 
Cktacosanoic 
Nonacosanorc 
Trlacontanolc 

Total 

Dlbam acrdr 
Hexadeug-ene-1,16-dlolc 
Hexadecane-1 , 16-dlolc 
Octadeca-9,12-dlensl , 1 I-dlolc 
Octadeccls-9-ens1,18-&oc 
Octadecane-1,18-dlorc 
Eaosane-1,20-dlolc 

Total 

Monohydroxy mmobas~c acuis 
16-Hydroxyhexadec-cJs-9-enolc 
16-Hydroxyhexadecanolc 
1 I-Hydroxyoctadeca-9,12-dlenolc 
18-Hydroxyoctadec-cr9-enolc 
18-Hydroxyoctadecanolc 
20-Hydroxyelcosanolc 
Umdentlfied 

011 20 
0 12 23 
018 34 
0 38 72 
0 23 45 
007 14 

0 19 36 

0 15 
0 07 
0 25 
008 
019 
0 17 
046 
029 
0 52 
0 12 
060 
0 14 

28 
13 
48 
16 
36 
32 
88 

d; 
23 

114 
26 

148 
910 

0 78 
5 25 

0 05 64 
024 29 4 
002 29 
034 42 3 
0 10 12 1 
006 75 

0 80 100 

031 20 
195 11 8 
081 49 
9 36 567 
1 93 123 
0 25 15 
1 89 11 6 

Total 16 75 1008 

Monohydroxy epoxymonobas~c amis 
Umdentdied 
18-Hydroxy-crs-9,10-epoxyoctadec-12-enoic 
l8-Hydroxy-czs-9,lOepoxyoctadecanolc 

Total 

103 90 
2 82 24 8 
747 65 8 -_ - 

11 32 99 6 
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TABLE 2 -Contmued 

Compound* % of total % of the 
cutm acids? fraction 

vzc- Dlhydroxy dtbasrc aclds 
Unidentified 
8,9-Dlhydroxyheptadecane-1,17-dlolc 
Threo-9,10-dihydroxyoctadecane-1,18-dlolc 

Total 

Dlhydroxy monobaszc acids 
10,16-Dlhydroxyhexadecanolc 
10,18-Dlhydroxyoctadec-12-enolc 
10,18-Dlhydroxyoctadecanorc 
Umdentlfied 
Umdentlfied 

16 71 
111 
141 
0 17 
2 02 

78 1 
52 
66 

Total 21 42 1001 

Trrhydroxy monobasrc acids 
9,10,1&Tnhydroxyoctadecar1o~z 
Threo-9,10,18-trthydroxyoctadecanotc 

0 58 
43 67 

Total 44 25 

004 
0 19 
0 14 

037 

12 1 
50 1 
37 8 

1000 

13 
98 7 

1000 

* Compounds m each group are given m order of GLC elutron as methyl 
esters and TMS ethers 

t Based on total ether soluble material 

compound (Ag 1) IS slmdar to, but not Identical with, dlmethylhexadecane-1,16-dloate; and 
(d) micro-osmylatlon of this compound* followed by sllylatlon gave MS with very large 
fragments at m/e 259 (CHJ02C(CH,),CHOTMS) and m/e 231 (CH302C(CH,)&H- 
OTMS), mdlcatmg that the original double bond was at the C-9 posltlon 

Dlmethyl octadec-Pene-l,l%dloate was identified on the basis of slmdar conslderatlons 
The MS of this component was ldentlcal to a published spectra of the authentic compound 8 
This component was treated wrth OsO+ and sdylated On MS analysis, this compound gave 
a spectrum identical to that of dlmethyl three-9, lo-dlhydroxyoctadecane- I,1 khoate, 
blsTMS etherI and confirmed the posltlon of the orlgmal double bond at the C-9 poatlon. 
The MS of the osmylated compound was identical with the MS of the threo-Isomer, but the 
GLC retention mdex (2732) was less l2 As the erythro- precedes the threo-isomer under 

CH302C(CH&CH=CH(CH&C02CH3 

100 150 200 250 300 
M/e 

FIO. 1. 

I2 G EGLINTON, D H HUNNEMAN and A MCCORMICK, Org Mass Spectr 1,593 (1968) 
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these condltlons, the erythro-asagnment was made, mdzcatmg that the ongmal double bond 
at the C-9 posltlon was cis. 

Dlmethyl octadeca-9,lZdlene-l,l%&oate was Identified on the basis of Its chromato- 
grapbc behavior and by comparison of Its MS to that of the authentic published standard.* 
Too httle material was available for osmylatlon, but the available evidence seemed to 
Justify this ldentlficatlon. 

Dlmethyl elcosane-1,20-dloate was ldentlfied on the basis of chromatographlc behavior, 
and by comparison of the MS to that of a pubhshed standard.13 

Monohydroxy Monobaste Acids 

GLC analysis (as the TMS denvatlves) showed this fraction to contam seven com- 
ponents, SIX of wbch were ldentrfied (Table 2). Methyl 16-hydroxy-hexadecanoate, TMS 
ether and methyl l%hydroxyoctadecanoate, TMS ether were ldentfied by comparison of 
their GLC retentions and mass spectra to authentic standards and to pubhshed data.**12 
Methyl 20-hydroxyelcosanoate, TMS ether was ldentlfied on the basis of chromatographlc 
behavior and by its MS which showed fragmentation slmdar to the comparable C16 and C18 
compounds but with ions correspondmg to the CzO homologue 

Methyl l&hydroxyoctadec-9-enoate, TMS ether and methyl 18-hydroxyoctadeca-9,12- 
dlenoate, TMS ether showed GLC behavior which indicated that they were the mono- and 
dl-unsaturated analogues of the saturated C18 compound. The MS of these two compounds 
were identical to pubhshed standards. l2 The dl-unsaturated compound occurred at a level 
too low to permit osmylatlon studies The monounsaturated compound was osmylated and 
sllylated and gave a MS identical to methyl three-9,10,18-tnhydroxyoctadecanoate, trlsTMS 
ether,lZ further confirmmg the placement of the double bond and the ldentlficatlon. The 
retention index of the osmylated-sllylated compound was less than that of the authentic 
three-isomer (2754 vs 2794) and so was assigned the erythro configuratlon, mdlcatmg that 
the orlgmal double bond was CIS. 

c ‘OO 
z 

7375 

55 

5 

ii 

91 TMS 0-(W&H= CH-(CH2)$02CH3 

; 50- 95 M47 
? 
k 

FIG 2 

Methyl 16-hydroxyhexadec-czs-s-9-enoate, TMS ether was ldenttied on the basis of Its 
mass spectrum (Fig 2) which was similar to that of the comparable monounsaturated C18 
compound.12 Thus component was osmylated and sllylated. The mass spectra and GLC 
retention of ths derlvatlve were identical with those of an authentic sample of methyl- 
erythro-9,10,16-tnhydroxyhexadecanoate, TrlsTMS ether, thus coniirmmg the Identity of 
the ongmal compound 

I3 G EGLINTON, D H HUNNEMAN and K DOURAOHI-ZADEH, Tetrahe&on 24,5929 (1968) 
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Monohydroxy Epoxy Monobaw Acids 

TLC behavror of this fraction mdtcated components with polarity mtermedtate between 
monohydroxy monobastc acid methyl esters and vie-dlhydroxy dlbaslc acid dlmethyl esters. 
IR analysis of this fractton showed (m addttlon to the anticipated ester, hydrocarbon and 
hydroxyl associated bands) a very weak band at 3000 cm-‘, an addltlonal weak band at 
about 1255 cm-‘, weak bands at 920 and 760 cm-l and a medium mtenstty band at 
842 cm-’ All of these bands can be attributed to epoxy compounds l4 The 3000 cm-’ 
band is due to C-H stretch of a methme group m a strained rmg The 1250 cm-’ band 
1s attributed to symmetrrcal epoxy rmg breathing (the so-called 8 p band) A C-H bending 
vibration 1s responsible for the weak band at 760 cm-’ (the 12 p band) The band at 
842 cm- l 1s characterlstrc of the asymmetrtc rmg bend of a czs-epoxlde wlthm a long cham 
solid (the 11 p band) 

GLC of this fraction as the sllyl dertvatlves showed three components of which two were 
identified (Table 2) Methyl 18-hydroxy-cu-9, lo-epoxyoctadecanoate, TMS either was 
identified by compartson of its mass spectrum with that of a pubhshed standard I2 

FIG 3 

Methyl 18-hydroxy-cis-9,10-epoxyoctadec-12-enoate, TMS ether was ldentlfied on the 
followmg bases. (a) all the components m this fraction on TLC have the same Rf value of 
an epoxy compound of established tdentlty , (b) the presence of czs-epoxrde was demonstrated 
by IR analysts, (c) monounsaturated, compounds precede their saturated analogues on 
SE-30; (d) the mass spectrum of this compound (Fig 3) was slmllar to that of the saturated 
compound, with fragments mdlcatmg a component with molecular weight of two less mass 
units, (e) the mass spectrum showed fragmentations that could be ratlonahzed on the basts 
of known mechanisms of epoxy long-chain compoundP and further indicated, by a large 
ion at m/e 241 (TMSO-CsH,4-CH-CH) that the unsaturatlon was between the epoxlde 

‘0’ 
and terminal end of the chain, and (f) on osmylatlon, stlylatton and mass spectral analysts, 
this compound showed large tons at m/e 261 (TMSO-(CH,),CH-OTMS) and m/e 315 
(TMSO-CH-CH2-CH-CH-(CH2)7-C02CH& consistent with the proposed structure and 

‘0’ 
confirming the locatton of the double bond m the C-12 posttlon. 

The smallest component of this fraction, elutmg first on SE-30, was not identified This 
compound had an apparent molecular weight of 392 as tt showed the appropriate M-15, 

I4 0 D SHREVE, M R HEETHER, H B KNWHT and D SWERN, Analyt Chem 23,277 (1951) 
I5 R RYHAGE and E STENHAGEN, Arkw Kern 15,545 (1960) 
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FIG 4 

M-32 and M-47 Ions (m a ratio associated wrth TMS ether-methyl esters containing added 
functronahty) I2 The spectrum did not show Ions that were readily associated with internal 
epoxides One could speculate that thus component was the TMS ether-methylester of a 
hydroxy-epoxy tetraunsaturated monobastc C 18 acid. The apparent molecular weight and 
GLC behavior are consistent with thts rdentlficatron as IS the GLC disappearance of thts 
peak on osmylatron and stlylatron (a nona-TMS ether derivative would not elute under the 
condrtrons of the analysts) 

vtc- Dlhydroxy Dibasic Acids 

This fraction was srlylated and on GLC analysrs revealed three components, two of 
which were identified (Table 2). Drmethyl-three-9,10-dthydroxyoctadecane-I, 18-droate, 
brsTMS ether was rdentrfied by comparrson of retention mdex (2762) and mass spectra wtth 
data from the hterature I2 Dtmethyl 8,9-drhydroxyheptadecane-1,17-droate, blsTMS ether 
was identified on the basis of Its chromatographrc behavior and by exammatron of Its mass 
spectrum (Fig. 4), which was stmdar to that of the Cl8 compound12 and winch showed two 
large fragments at m/e 245 and m/e 259 due to cleavage between the two carbon atoms 
(C-8 and C-9) bearing TMS groups. 

One component of this fraction was not Identified and mass spectral analysts gave 
mdrcatron that thus component was not a TMS ether-methyl ester.12 

Dlhydroxy Monobasic AC& 

GLC of thus fraction as the srlyl derrvatrves revealed five components (Table 2) The 
major component, methyl 10,16-dthydroxyhexadecanoate, brsTMS ether, was Identified by 
comparrson of GLC retention and mass spectrum with those of the authentrc compound 
and wtth the literature I2 

Methyl 10,18-drhydroxyoctadecanoate, btsTMS ether was identified on the basis of 

!i 
3 50- 

> 53 95103 303 
% 129 

d 
[z o- l”“l”“l”“l”“l”“l”“1’ 

50 100 200 300 400 

M/U 

FIG. 5. 
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chromatographlc behavior and Its mass spectrum (Fig. 5) which showed a fragmentation 
mode comparable to the Cl6 compound.lZ 

Methyl lO,I&dlhydroxyoctadec-lZenoate,blsTMS ether showed GLC behavior con- 
slstent with its unsaturated nature and produced a mass spectrum slmdar to that of the 
saturated C18 compound but mdlcatmg a molecular weight of two less mass units The ion 
at m/e 303 (TMSO-&HI,-OTMS) m the spectrum of the saturated derlvatlve was replaced 
with m/e 301 (TMSO-&HIS-OTMS) m the spectrum of the unsaturated component, m- 
dlcatmg that the unsaturatlon was between the C-10 TMS and the termmal TMS groups 
Osmylatlon of this component followed by sllylatlon and mass spectroscopy showed a large 
ion at m/e 261 (TMSO-(CH,),-CH-OTMS) mdlcatmg that the original double bond was m 
the C-12 posltlon 

Two components m this fraction remamed unidentified The largest component of the 
two, elutmg last on SE-30, showed a mass spectrum with very low mtenslty ions at m/e 593 
(M-157) and m/e 577 (M-31 7) and two larger ions at m/e 303 and m/e 259. This component 
could represent a C18 methoxy-dlhydroxymethyl ester,blsTMS ether (e g methyl IO- 
methoxy-9,18-dlhydroxyoctadecanoate,blsTMS ether) either naturally occurring m cutm or 
possibly produced durmg methylatlon with CH2N, 

Trzhydroxy Monoba.szc Aczds 

GLC of this fraction as the TMS denvatlves gave results shown m Table 2 Methyl 
rhreo- 9,10,18-tnhydroxyoctadecanoate, TrlsTMS ether was Identified by comparison of 
retention index and mass spectrum with those m the literature I2 

The GLC retention of the smaller component mdlcated that it was probably the un- 
saturated trlhydroxy C18 analogue The mass spectrum of this compound was identical to a 
pubhshed spectrum of methyl 9,10,18-trlhydroxyoctadecanoate,trlsTMS ether.* The re- 
arrangement ion at m/e 332 confirmed the 9,10-d1TMS combmatlon,12 while the shift from 
m/e 303 in the spectra of the saturated component to m/e 301 for the unsaturated com- 
ponent again mdlcated a double bond between C-10 and the end of the chain As this 
component occurred m such a small proportion, attempts to locate the double bond by 
osmylatlon faded The double bond IS probably m the C-12 position as It was m the com- 
parable eighteen carbon epoxy and dlhydroxy acids of other fractions 

DISCUSSION 

Monobasic acids m the range C14 to C24 have previously been reported m cutm hydro- 
lysates 3*8*16~17 Whde these acids may be cuticle wax components that have not been fully 
extracted, there IS good evidence that they are actual cutm constituents bound by ester 
linkages to the hydroxy acid network Electron microscope studies have mdlcated that 
some of the cutlcular wax components are chemically bound to cutm18 and the cutm 
lsolatlon procedure employed would, almost certamly, remove any traces of unbound wax 
material. The cranberry cuticle wax fatty acids lo show a much different dlstrlbutlon than the 
fatty acids derived from cutm. Furthermore, unsaturated acids are found only m the cutm of 
cranberry, not m the wax 

Dlbaslc acids have been previously reported m the cutm of apple,8*1q and tomatoi m 

I6 H A M A DE VRIES, Acta Bot New1 18, 589 (1969) 
I’ J SHISHWAMA, F ARAKI and S AKAI, Plant CellPhysrol 11,323 (1970) 
Is P A ROELOFSEN and A L HOUWINK, Protoplasma 40,l (1951) 
I9 C H BRIESKORN and A J Boss, Fette Serfen Anstrlchm 66,925 (1964) 
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which they also constitute a small proportion. The presence of the unsaturated Cl6 com- 
pound and saturated Czo compound has not been previously reported in cutm, although the 
Czo compound IS a common constituent of cork suberm.20*21 

The w-hydroxy monobaslc acids are common components of plant cutm and cham 
lengths from Cl0 to Cl8 have been noted.4*17 1SHydroxyoctadecanolc acid has been 
ldentlfied m the cutm of a wide variety of plants 2*7 although the unsaturated Cl8 compounds 
appear to be less common 8,2o Thrs 1s the &st report of 16-hydroxyhexadec-9-enoic acid. 
Czo hydroxylated acids have been reported m tomato cutin.” To our knowledge this 1s the 
first report m wbch 20-hydroxyelcosanolc acid has been specifically ldenttied. 

w-Hydroxy-epoxymonobaslc acids have been noted previously Crisp4 tentatively ldentl- 
fied 16-hydroxy-9, IO-epoxy hexadecanoic acid m Agave cutm An 1 Shydroxy-epoxyocta- 
decanolc acid was reported m applelg and tomato” cutm Nothmg comparable to the 
unsaturated epoxy acid reported here has been noted previously. 

The two vlcmal dlhydroxy&baac acids identified here are also present m apple cutin.* 
The saturated &hydroxymonobaac acids are very common cutm constituents and are 

often found m relatively high concentration. 2*4*7 IO,]&Dlhydroxyoctadec-IZenolc acid has 
not been previously reported. 

The trlhydroxy monobasic acid 9,lO,l%tnhydroxyoctadecanolc 1s of widespread occur- 
rence, havmg been found m sizable proportion m many cutms exammed thus far. The three 
form is found m Agave20 and cranberry while apple contams both three and erythro forms.* 
The unsaturated Cl8 trlhydroxy compound has also been reported m apple cutm * In 
neither study was the double bond located, although m cranberry the double bond m 
related acids was shown to be m the C-12 posltlon. MikolaJczak and Snuth22 have identified 
three-9,10,18-tnhydroxyoctadec-cn-1Zenolc acid m Chamaepeuce seed 011. 

No mdlcatlon was seen of partlclpatlon of cutlcular wax components, other than the 
fatty acids, m the cutm complex. 

Previous IR studies of Intact cutm membranes 8*20*23 have indicated the presence of free 
hydroxyl groups. The IR spectra of cranberry cutm showed free hydroxyl and possibly free 
acid groups. On a functional group basis there are 2.3 hydroxyls for each carboxyl group 
present m cranberry cutm. Thus, even if all carboxyls are bound m ester lmkages, the 
majority of hydroxyls are unbonded (a small proportion of hydroxyls are bound m peroxide 
and ether linkages) 

It appears that the common C 16 and Cla plant fatty acids are the precursors of the cutm 
acids. The placement of hydroxyls and double bonds m the cutm acids favors this explana- 
tlon, as does the presence of requisite unsaturated acids m cutm but not m cuticle wax.” 
w-Hydroxylatlon or carboxylatlon of precursors seems to occur at an early stage in cutm 
synthesis. o-Hydroxy and w-carboxy acids are sometlmes found m both cuticle wax24*2 ’ and 
cutm, but w-hydroxy and carboxy acids with secondary hydroxyl groups are, apparently, 
found only m the cutm This would seem to mdlcate that hydroxylatlon wlthm fatty acid 
chams 1s a mechanism specific to cutm synthesis. 

The mechanisms of internal hydroxylatlon and polymerzation are unknown, although 

f” M MATE, Bzochem J 63, 168 (1956) 
21 A GONZALEZ-G~NZALU, Acta Czent Compost 5, 57 (1968) 
22 K. L MIKOLAJCWK and C R SMITH, Lzprds 2,261 (1967) 
23 F E HUELIN, Au&d J Wol Scr 12, 175 (1969) 
z4 P MAZLIAK, Phytochem 2,253 (1963) 
25 J A LAMBERTON, Au&-al J Chem 14,323 (1961) 
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Hemen and Brand26 and Cnsp4 have postulated that autoxldatlon or hpoxldatlon are m- 
volved While it 1s possible, hypothetically, to construct pathways by which these processes 
might generate a number of mdlvldual cutm acids, It IS difficult to conceive how these 
mechanisms can account for the very specific posltlonal hydroxylatlons generally observed 

It seems almost certain that the final conversion of cutm acid units to the polymerized 
layer of cutm occurs extracellularly m the cuticle itself In view of the great proportion of 
ester linkages m cutm, it would appear that the final linkage process IS largely estenficatlon, 
an event not hkely to be mediated by oxldatlve processes The mdlcatlon that small quantltles 
of protein may exist wlthm the cutm23 suggests the presence of an extracellular enzyme that 
could be responsible for final cutm esterlficatlon * 

EXPERIMENTAL 

Preparatron ofcutln 3,11 The skms from 1 kg (representing 6040 cmz) of commercially ripe cranberries as 
previously descr&d’O were extracted with hot CHCI, to remove cuticle wax and dlgested with 1% HzS04 
to remove flesh, then washed with water After refluxmg with 0 4 % oxahc acid-1 6 % ammonium oxalate to 
remove pectin, the crude cutm membranes were dried and refluxed 3 hr with excess 50% ZnCl m concen- 
trated HCl to remove cellulose This last procedure was then repeated with fresh reagent The membranes 
were then washed, dried and exhaustively extracted with MeOH to yield cutm (4 6 g, 765 g/cm*) 

Solvolysrs ofcutrn 300 mg of cutm were saponified by refluxmg with 70 ml of 3 % methanohc KOH m 
MeOH for 12 hr The residue (68 5 mg) was washed with MeOH and saponified again for 10 hr with fresh 
reagent The washed residue (43 5 mg) was then refluxed for 5 mm with 50 ml of 4 % NaI m 4 % v/v HOAc- 
zsoPrOH to reduce peroxide hnkages4 (12 peg/g) Thus residue (20 7 mg) was saponified a third time for 6 hr 
as previously described and the residue (13 5 mg) refluxed for 10 mm with 1 ‘A HI in 4% v/v HOAc-lso- 
PrOH to reduce ether linkages“ (final residue, 8 4 mg) 

The extracts and washings were combmed, the volume reduced under vacuum, the pH adjusted to 9, and 
nonsapomfiables extracted with light petroleum No nonsapomfiable material could be detected The extract 
was then acidified and extracted with Et20 to gve EtzO-soluble cutm acids (270 mg) Of the origmal300 mg 
of cutm appronmately 26 mg was Hz0 soluble after solvolys~s 

Prepuratron of denvutrves The cutm acids were taken up m Et2C -MeOH (10 1) and methylated with 
excess CH2N2 27 Hydroxylatron of double bonds* was carried out by treating approximately 100 rg of 
cutm acid methyl ester with 60 ~1 of pyndme-Et20 (1 8) and 1 mg 0~0, in 30 ~1 of Et20 The solution was 
allowed to stand for 1 5 hr and then 0 6 ml of a NatSO, suspension added (1 5 ml 16% aq NazSOa plus 
5 ml MeOH) The rmxture was allowed to stand for 1 hr After centnfugatlon the supernatant was evapor- 
ated to dryness and sdylated 

Sdylatlon of samples was carrled out with bls-(tnmethylsdyl) trtiuoroacetamlde plus 1% tnmethyl- 
chlorosdane using 100~1 reagent per 5OOpg of sample The solutions were heated mltlally to 80” then 
allowed to stand for several hours before analysis 

Preparatzve TLC of cutm acrd methyl esters The cutm acid methyl esters were chromatographed on 
s~hca gel G wedge plates with a solvent system containing Et&--hexane-MeOH (40 10 1) * Seven bands 
were vlsuahzed on spraying with 0 05 % aq rhodamme 6G Each band was scraped from the plate and 
eluted with dry E&O The mtermedlate areas were also eluted and checked via GLC Intermediate zones 
were devoid of material, however, a small amount of dlhydroxy ester was found m the trlhydroxy ester 
fraction and was corrected for during quantitative analysis 

ZR Spectra were taken with a Perkm-Elmer Model 337 spectrophotometer To obtain spectra of 
intact cutm, a membrane was pressed between two 1 5 cm AgCl disks Isolated cutm acid methyl ester frac- 
tions were analyzed as thm films on the surface of an AgCl disk 

GLC The separation, quantitative analysts and semi-preparative trapping of cutm acid fractions was 
carried out using a Perkm-Elmer 900 gas chromatograph The column employed throughout was a 1 5 m x 
3 mm ss column coated with 5% SE-30 on 60/80 mesh acid washed and sdamzed Chromasorb W, pro- 
grammed from 180” to 320” at lO”/mm A flow-rate of 35 ml/mm was employed, and a 15 1 exit port split 
ratio utlhz.ed when trapping subfractions The followmg internal standards were employed, for Fractions 
1 and 2, methyl heptadecanoate, for Fractions 3 and 4, methyl 9-hydroxyoctadecanoate, for Fractions 5 
and 6, methyl 8,9-dlhydroxyoctadecanoate, and for Fraction 7, methyl 9,10,16-tnhydroxyhexadecanoate 

* P E Kolattukudy [Blochem Blophys Res Commun 41,299 (1970)] has now demonstrated that palmltlc 
acid-l-% is readily mcorporated into 10,16-dlhydroxy palmltlc acid of Vxrafabu cutm and has suggested 
the reaction sequence palmlttc acid + 16-hydroxy palmltlc acid--t 10,16-dlhydroxy palmztrc acid -+ cutm 

z6 W HEMEN and I V D BRAND, 2 Naturforsch l&67 (1963) 
*’ H SCHLENK and J L GELLERMAN, Analyt Chem 32,1412 (1960) 
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Peak areas were determmed by tnangulatlon, and hnear detector response by we& assumed Re- 
tentlon mdlces were determined by co-mJectlon \nth n-alkanes while programming from 150” to 300” on 
SE-30 

MS Mass spectra were taken with a Hltachl Perkm-Elmer RMUdA mass spectrometer operated at 
70 eV When the GC-MS mode was employed a Vanan Model 1200 gas chromatograph was employed 
as the inlet system The background was subtracted from each spectrum and peaks Hrlth a relative intensity 
of more than 2% tabulated However, for clanty of presentation the spectra m Figs l-5 show only maJor 
peaks or others of particular importance 
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