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The syuthesia of saturated and uusaturated loug chain fatty acids 

incertainbacteriais kaowntoproceedbyac~pathwaythroughthe 

production of &hydmxydacsnoyl-ACP.l (OoWine sndBloch,1%l;Lemarz 

et a.9 1962). Blochandcavor~rs(~~isetsl.,1964;Kaas etal., 

1967; Brock et al., 1967) have extensively studied 811:. 

which specifically catalyzes the dehydration of @-hydmxydecsmyl thio- 

esters yielding both tram-2-deeetmyl aud cis-3-decenoyl thioesters. Iu - 

the biosynthetic sequence, the former is subsequently reduced and elon- 

Sated to form primarily palmitate, whereas the cis+deceuoyl thioester - 

is elongated without reduction of the double bond, giving rise to cis- - 

vaccenate and palmitoleate. Thus,the enzyme could function inthe syn- 

thesis of saturated and unsaturated fatty acids. Evidence has accunmlated 

suggesting the existence of a thioester dehydrasc which produces only trsns- 

2-decenoyl product. Such a dehydrase would function specifically in satu- 

rated fatty acid synthesis (Wakil et al., 1964; Pugh et al.,1%6; Cverath 

andstunlpf,1%4;simouietal., 1967). The existence ofthia dehydrase 

is necessarily inferred from the report of the isolation of au g. coli 

ztmta.ut which lacks the dehydvase described by Bloch's group, aud is in- 

aapable of synthesizing uusaturated fatty acids, but produces normal 

aumunts of saturated acids. The enzymatic defect has been showutobe 

'Acyl carrier protein. 
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an absence of the debydrase described by Bloch's group (Silbert and 

Vagelos, l$??a, lg67b). Further, Kass and Bloch (1967) have recently 

shown that the production of unsaturated long chain fatty acid.8 by 

,E. coli synthetase canbe speciflcallyinhibited,without impairing 

saturated fatty a&d synthesis, and come&e& by addition of their highly 

purified dehydrase. 

The umatm=ated fatty acid auxcrtroph described above has been 

utilized as a source of a @+dmxydecanoyl-ACP dehydrase which is shown 

inthis reporttohave severalproperties unique amongthose ofthioester 

delqdra8es previoudy reported. The san~2activitycanbe demnstrated 

in cells which are wild type for fatty acid biosynthesis. 

Materials and Methods: An auxotroph of 2. K-12, m-139, re- 

quirin&pantothenic acidamithiamine, andanuusat~tedfattyacidre- 

quiring mutant derived from this strain were used in these studies (Silbert 

andVagelos,lgQb). 

Crudecellextractsof~~logphaeectrlturca~~~dina 

French preeaure cell at O'C, bufY?ered with 0.1 M MS-ECl, pE 7.4, con- 

-Liaimglo-MEm!A. 

D-(-)-&hydr~ecanoic acid was obtained frcm rhamnolipid derived 

froa~Pseu&mmas aem@no6a2andrecrystslllzed 3 time. The uC-labelled 

hmoxyacidwas obtainedfrcm~coltures grfmninthe presence of ?%&ce- 

t&e. 

D-(-)+~auoyl-ACP was prepamd from& & AC@ by the 

mjxed anhydride n&hod (Ailhaud et al., 1967)) with one modification: 

the reduced ACP was initially acetylated in O.lM phosphate buffer pH 8.0, 

at O°C by the addition of a 20-fold molar excess of acetic anhydride. 

This procedm acetylatedaZUtheacylatable ~wvps of ACP. After15 

%anh are due Dr. his Olaaer for generous donationofthe rhaamollpid. 
WheACPusedinthese expedmmtswaa pmparedbym‘. JobnElovson. 
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xuinut,es,excess neutralhydroxylsmine was addedto cleavethethioester, 

yielding the ACP-SE. After precipitation and washing with perchloric 

acid, the ACP preparation was resuspended in O.lM !Fris-HCl, $3 8.0, and 

reacted with a mixed anhydride of D-(-)-&~ecanoate in the usual 

manner. This procedure yielded &h@wx#ecanoyl-ACP which contained 

&hydrozgdecanoate only in the thioester position. 

D.-(-)-p-wyryl ACP was synthesized in the sams way. 

lkhydrase activitywasmeasured 8pectrophotcnIv2triu~, observing 

initial rate of increase in absorbance at 263 nrp, resulting fran the for- 

mation of Or,@ unsaturated thioester fYom D-(-)-&hydmxydecanoyl-ACP. The 

standard assay mixture contained 6 sgnsolcs of $-hydroxydecsnoyl-ACP, ensyms 

preparation, and 2 pmoles of phosphate buffer, pE 7.2, in a volume of 

0.2ml. Enzyme andbufferwere containedinthereference cell. l!&ysm 

units are defined as m)rmoles of U,p thioester produced per minute per 

milligram of protein. 

Thin layer chromatography of fatty acid methyl. eaters was carried 

outinachloroform- 0.75% ethanol system using silver nitrate impreg- 

nated SiLka gel G plates (Barrett et al., 1963). Spots were visualized 

with 2',7'-dichlorofluorescein, 0.2$ solution. 

ChKlsnatographybygelfiltrationvssperfo~onaSephaduc0-100 

colwm (3.5 x 75 cm) prevbu8l.y equilibrated with phosphate buffer, O.OlM, 

pH 7.2, containing O.OlM 2-mercagtoethanol. The coltmm was eluted with 

275 ml of the same buffer, and lml fractions were collected. 

Results and Discussion.-- The crude extract (80 mg) of g. e Hfr-139, 

which is wild type with respect to fatty acid synthesis, was chrumtographed 

onSephadex6100. As indicated in Figure l-A, two peaks of a,@ debydrase 

activitywere foundwhen fLhydmx+z snoyl-ACPwas usedas substrate. Sin& 

larchrcmatographywas performedoncndeextracts (32Omg) ofthezmxtant 

incapable of eynthesizing unsaturated fatty acids (I%gure 1-B). !t!he elu- 

fionpatiern shavsthatfhermrtsntextractcontsintdonlyonc pealcofa,B 
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Figure l.-- Sephadex O-100 chromatographyofcrude extracts. Procedure 
described in text. 

dehydrase activity. These results suggested that peak II, which is absent 

in the mutant extract, contains the &hydroxyaecanoyl thioester dehydrate 

specifically required for unsaturated fatty acid synthesis. The activity 

of peak I, which is present in both the tild type and mutant exkracts, 

would represent the dehydrase which functions in saturated fatty acid syn- 

thesis. 

SinceBlochandcaworkcrshnvereportedthstthedchy829seisoLsted 

by them is stable at !jO"C, heat stability studies were carried out with 

the enzymes of peaks I and II. With @-bydmxydecanoyl-ACP in the standard 

assay, the dehydraae activity of peak II was fomd to be relatively stable 

at 50" (Figure 2). Incontrast,tbe dehydrase activity of peakIwas coan- 

pletely destroyed by heating at 45" for 5 minutes. Similar stability tests 

with the mutant enzynre indicated ccm@ete loss of activity af%er heating 

at 50" for 5 minutes. 

Majertm &a. (1965)have reportedan enzyme inwi1dtypeE.s 
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b8t stability of dchgdrase 8CtiVitieS Of %8kS 1 8Ild 11 
.==&,I 1). Procedure described in text. Ic- Mydmxydecsaoyl- 

ACP + Peak I; ---e- ‘- .- &bydroxydecazwyl-ACP + Peak II; - & 
hydrwybut~l-ACP + Bak II. 

which catalyzes the dehydz'atlon of D-(-)-fj-hydBx@mtyryl-ACP. This enzym 

is not inactiv8td by heat&@ St 11x)'. Inordertoidentifytblsdebydrase 

activity,bothenzyme fractions (peaki I andII)werc examlnedfordeby- 

drase activity using D-(-)-@-hydroxybutyryl-ACP as tbe sub&rate in tba 

hmdardassay. Activitywas &tectedonlyinpe~~,aadthis activity 

was notreducedbyheatin& at 100" for 5ndmtts8(-2). ptak~tbere- 

fore contains the & Bl-ACPdebydraseaswellas 80-n 

decanoyl-ACP debydrase. 

S5nuetbedebydraseactltityofpeakI 8ppem8t0c0nt8lnthe enzyme 

which functions specif~csllyintbe patbueyof saturatedfattyaaid syntbe- 

81s and cm be distinguished frcm enzyme6 previmsly described, it has been 
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partially purified. (Purification procedure to be published). The reac- 

ticmproductformdafter incubatingthe enzynmwith UC-&wanoyl- 

ACP was hydrowed and methylated, and the esters, with appropriate carriers 

and&adard8,wen chrcma~phed inthcthin-layersystemdescribed. 

Beparation ofcis andtrans nwnoenoates andbydroxyacid esters is affected - 

by this systan. 'phe onlyprodwztfmmd inthis experimentwa6 tram-e- 

decenoate (20% of recovered counts), along with the ester of unreacted 

@-hyck~ecanoate. 

Kinetlc experimhntemredonevithboththis enzymeaudthedehydra6e 

ofpeakIIwhichwae hi~puriiiedaccordingtoth+BethodofKsssetsl., 

(1967). Figure 3 damonstrates the ntbstrate concentration curve6 and the 

3.-- Figure Initial velocities of a#-dehydrsse activities of new (cf. 
Peak I) and previously described (cf. Peak II) enzymes VI. B-wo~y- 
decsaoyl-ACP concentration. 

A. &w dehydrate, 60 a of enzyr prepaZ'atiOn (de6criBcd 
intext),with apecifiedconcentratioas of &wory- 
decenoyl-ACP in O.OlM phosphate buffer, pE 7.2, 
volume 0.2 ml. 

B. Previotmly described dehydra8e I..'$ pg of enzyme 
preparation (described in text $ , other cmdition6 
as in A. 
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Linwqaver-Htarke p&t13 ofthe dataforthe two enzyms. The Igofthe peak 

I enzyme for $-bydmxydeoanoyl-ACP is 2.8 x low5 M (F'igure 3-A), and the 

I&, of the peak II enzyme for this substrate is 2.5 x 10" M (Figure 3-B). 

Thus both of these enzymes have similar affinities which am? reasonably 

high for the ACP substrate. 

It is of particular interest that b&b kinetic and equilibrium studies 

of the enzynm identified by Bloch's group indicate that it favors the syn- 

thesis of the tram-24ecenoylthioester (Brock 2 g., lg67), although its 

functional significance appears to lie in its ability to form a pre- 

cursor to unsaturat@dfattyaCids. The presence of the dehydmwe described 

in this report in the fatty auid aumtmph which syrrthesizes nordl. mowxts 

of saturated, but no unsaturated fatty acids, indicates that this enzyme 

titions only in saturated fatty acid bioeynthesis. Its functional. rela- 

tianship to the dehydrase which produces both cis-j-decenoyl and trans-2- - 

aecenoyl thioestera remains to be elucidated. 
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