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I. PROBLEM STATEMENT 

Lipids are !mown to be a major component :found in 

some o:f the structures in a cell as well as in the cell 

membrane. Fat, a type o:f lipid, is ~portant to humans 

as a food and energy source. Unsaturated :fats are espe

cially desirable since some of these are essential fatty 

acids and are thought not to contribute to arterioscler

osis as are saturated fats. Thererore it ~s important 

to und~stand the pathway in which saturated and unsat-

urated fats are formed. It was the purpose of my research 

to investigate these pathways in Penicillium chrysogenum 

by use of a radioactively labeled ratty acid. Lauric 

acid, a middle-chain-length fatty acid, was added to ' 

-." actively growing cultures of P. chrysogenum. After incu-

bation for difrering amounts or time, the ratty acids 

were extracted and analyzed to determine how the lauric 
, 

acid was elongated and desaturated • 
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II. RELATED RESEARCH 

Biosynthesis 2! Saturated Fatty Acids 

~ee major pathways ror the biosynthesis of sat

urated fatty acids in plants and animals have been set 

forth from previous research. These three include 

de novo synthesis, direct elongation, and an inter.me---
diate pathway(1,2). 

~ ~ synthesis occurs by the successive conden

sation of two carbon units or malonyl coenzyme A to 

acetyl CoA. This type of s:y;nthesis, \olhich typically 

ends in tne formation of palmitic acid(3', requires many 

complex enzymes. An acetyl-thioest~r in conjunction. 

with the nucleotide coen'zyme:·A forms the metabolically 

active farm of acetate, acetyl CoA. This takes place 

for the most part in the mitochondria (4) • Malonyl CoA 

is formed by the carboxylation or acetyl CoA with C02_ 

An enzyme called acetyl-S CoA carboxylase catalyses this 

formation of malonyl CoA(5). The general for.mula far 

de ~ synthesis as outlined by Brady, Bradley, and 

Trams and Bressler and Wakil(7) is as follows: 

9 Q + 
CH3-C-SCOA + 7HOOC-CH2-C-SCoA + 14 NADPH + 1411 

CH3-(CH2h4-COOH + 8CoASH + 14BADP+ + 7C02 + 6H20., '. 

The discovery of the intermediate steps in this synthesis 

has come from studies on yeast, Escheresia coli, and 

pigeon liver(4). In the study of !. coli, it was shown 
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that intermediates in the de novo reaction are attached --
to a small protein called "acyl carrier protein" or ACP(S). 

Direct elongation yields saturated and unsaturated 

fatty acids or sixteen carbons and longer from medium

length fatty acids. This process has been shown to occur 

in the mitochondrion and microsomes(6). In this pathway, 

acetyl-S CoA is joined to acyl-S CoA with malonyl-S CoA 

in th& presence of ATP. CoASH, and Mn++ under anaerobic 

condi tions (1,7). 

The third type of synthesis was first observed in 

the rat liver mitochondrion whereby the terminal two 

carbon unit of a medium-length fatty acid is split off 

and'contrib~ted to the acetate pool. The activated acetate 

units ~f &cetyl-S eoA are then added to the fatty acid 

to yield a longer chain(7). 

Biosynthesis ~ Unsaturated Fatty Acids 

Long chain unsaturated fatty acids are produced by 

direct desaturation (aerobic pathway) demonstrated in yeast; 

animal tissue, protozoans. algae, bacteria, and plants; 

by elongation of short chain unsaturated fatty acids 

(anaerobic pathway) reported in certain bacteria; or by 

the introduction or a double bond during the elongation 

of ~'novo synthesized lauric and myristic acids, occuring 

in higher plants and certain protists(7). 

Shellenbarger(7) found that when either 1_140 myristic 

or 1_14c lauric aoid was added to Aspergillus niger 
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cultures, the label was .found in the carboxyl carbon or 
the saturated ratty acids longer than the substrate. 

This suggested that the terminal acetate unit or the 

substrate was removed and used to elongate palmitic acid 

to stearic acid. However, he did not analyze individual 

. ratty acids. 
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III.. OBJECTIVE 

The purpose o~ this study was to determine the path

way(s) for the elongation of lauric acid to myristic, 

palmitic, and stearic acids and the production of oleic, 

linoleic, and longer ~atty acids in Penicillium chrysogenum 

by the use of 1_140 lauric acid. 
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IV. PROCEDURE 

Culturing 

The procedures used in this study were similar to 

those described by Shellenbarger(7). Penicillium 

chrysogenum, Q-176, was maintained on potato-dextrose 

agar slants (39g of agar in 1 L o:f H20). Four-day-old 

slant cultures grown at room temperature were used. Two 

slant cultures were gently scraped into 50 ma of Ozapek

Dox medium. This process was repeated, and the two 

starter cultures were incubated :for 16 hours at 28°0 

while being shaken on a reciprocating shaker (EberbackJ 

at 180 oscillations per minute. The Ozapek-Dox medium 

was made by adding solution.1 (Sag dextrose, 0.5 g 

NgS04e7H20, 500ml H20 ) to solution #2 (2.0g NaN03. 1.0g 

KHP04' 0.01g FeSo4·7H20, 0.05g EDTA, 0.5g KOl, $00 m1 H20) 

a:fter each solution was auioclaved separately at 121°0 

and 15 psi :for 15 minutes. Tl:e two starter suspensions 

were then combined into a Fernbach :flask and shaken under 

the same conditions :for another 20 hours. 

Incubation !!!. Mlcelium ~ 1_140 Lauric Acid 

Ai'ter the 20 hour incubation period, one microcurie 

o:f 1-140 lauric acid solubilized in 1% bovine serum 

albumin was added to the culture. The culture was 

returned to shake and incubate. Twenty milliliter 

aliquots o:f the mycelial suspension were taken out ai'ter 
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2, 20, and 120 minutes. Each aliq~ot was quickly 

filtered by vacuum through Miracloth, and the myoelia 

were washed twice with cold distilled water and sus-

pended in. three times its volume in 15% methanoic KOH. 

Approximately 0.25ml of a carrier solution consisting 

of methyl esters of lauric, myristio, palmitic, steariC, 

oleic, linoleic, and arachidic acids suspended in 

benzene was added to each aliquot. 

~xtraction 2! Fatty Acids 

Each aliquot was saponified for two hours at 120°0 

with refluxing to break the ester bonds. Atter cooling 

to 4°C, the a1iquots were made acidic to litmus by the 

addition of HOI. This solution was filtered through 

glass wool into a separatory funnel. The fatty aoids 

were extracted with hexane and washed twice with water. 
~ 

The hexane was filtered through anhydrous Na2So4 and 

glass wool into a 250m1 round bottom flask. The hexane 

was evaporated on a rotary flash evaporator (Buchler 

Instruments). The fatty acids were recovered by pooling 

twice with 3-4 ml of an 80:20 mixture of ether:absolute 

methanol and transferred to a centrifuge tube. 

Methylation !! Patty Acids 

The fatty acids were ~ethylated in order to be . 

censequently separated and collected by gas chromato

graphy. To perform the methylation, two one-ar,m test 

. ,.,. .~ , I 
.~. : .! ,'" 
. ,'0 

'. 'f 



H2 gas 

'·r.· 

.-

-

. ., 

Tube 111 

Figure I 

Tube 112 Sample 
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tubes were used. (See Figure I) The first tube, whioh 

oontained 10ml of ether, had nitrogen gas bubbling 

through it. The arm of tube #1 was connected through 

the mouth of tube #2, and gas bubbled through a solution 

consisting of one part saturated solution of N-methyl

N-nitroso-p-toluenesulfonamide in ether to one part 

ether to one part carbitol to one part sixth percent KOH. 

The arm of tube d2 was fitted with tubing, and bubbling 

was allowed to take place in the sample until a definite 

yellow tinge appeared in the sample. The ether was 

evaporated and the- sample stored UDder Bitrogen gas to 

prevent oxidation. 

Separation £! Fatty Acids 

Each sample was dissolved in Chromatoquality 

hexane and injected in 2-5 microliter quantities into 

a gas chromatograph ,Varian Aerograph Model 90-p) until 

each entire sample was run through. The !'ractions of' 

!'atty acids were collected separately in chloroform. The 

chromatograph settings were as follows: Column temp

erature = 180°C; detector temperature = 230°0; injector 

temperature = 210°0; filament current = 150 milliamperes; 

helium gas !'low = 9; attenuator = 2. The column was six 

feet in length and was packed with Chrom GA/w and 5 per

cent diethylene glycoadipate (DEGA, Aerograph, Ino.). 
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DecaJ-boxylatl-on !!. FattI Acids 

The chloroform was allowed to evaporate, and eaoh 

sample was pooled with one milliliter o~ 15% mthanoio KOH. 

0.1 ~ of staftdardcarrier ~atty acids was added. The 

samples were saponi~ied either by sitting at room temp

erature overn:ight or by one hour at 100°0 in a sand bath. 

The samples were acidi~ied with concentrated Hel until 

a precipitate was fo~ed (approximately 5 drops). 1-2 ml 

o~ H20 amd an equal volume o~ diethyl ether was added. 

This mixture was shaken or stirred on a Vortex mixer. 

After allowing the layers to separate, the bottom water 

layer was removed. The ether layer was transferred to 

a scintillation vial where it was evaporated. 

50 milligrams of sodium azide was added to each 

sci!ltillation vial, and a small shell vial was placed 

inside. A rubber serum cap was fastened over the mouth 

of each scintillation vial and was secured with wire • 

The vials were warm~d, and Sm1 of air was removed by 

a syringe. 0.5 m.l of a 1:3 solution of fulning H2S04: 

conoentrated H2S04 was injected into each scinti1latio~ 

vial, and the vials were then allowed to shake in a 70°0 

water bath. During this incubatioB period, the terminal 

carboxyl group was being split off from the fatty acid 

chains. Atter one hour, the vials.were placed in an ice 

ba th whereupon 0.3 ml. of 1 M Hydroxide of Byamine was 

injected into each shell vial. The vials were shaken ia 
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a 37°C water bath for 35 miautes while the CO2 was 

being absorbed by ~e Hyamine Hydroxide. 

Liquid Scintillatio~ Spectrometry 

The shell vials were removed 'rinsing the outside 

or the vial w1th diethyl ether into the scintillation 

vial) and placed into separate scintil.l.ation vials into 

which had beeD added 10 ml of scintillation fluid 

(4 g PPO and 50 mg pOPOP in 1L toluene). To the ori

ginal scintill.ation vials was added 4 m1 of 15% KOH 

and 4 ml of diethyl ether. The vials were _shaken 

carefull,. and the two layer s allowed to form. The 

water layer (bottom) was removed and the ether evaporated. 

10 m1 or scintillation fluid was added and each scint

illation vial was counted O~ the marrow 0-14 window of 

a liquid scintillation spectrometer (Bechman LS-150) for 

ten m.inutes. 
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v. DATA 

Sample I II 

Amine:C02 Amine:C02 
2 Min. 20 Min. 2 Min. 20 Min. 

12 1.38 • 1 .1.94 • 1 1 • 1.34 2.35 • 1 • • • • 

14 1.28 • 1 2.34 • 1 1 • 1.06 5.31 • 1 • • • • 

16 1.59 • 1 5.87 • 1 1.35 : 1 1 : ,1 .81 • • 

18:0·+ :1 4.26 • 1 29.0 • 1 1 • 1.04 • • • 
-

18:2 3.64 • 1 3.84 • 1 1 • 1.56 2.29 • 1 • • • • 

Long 4.17 • 1 3.72 • 1 1 • 1.77 11 .1 • 1 • • • • 

The radioactivity of each sample was measured by the 

scintillation spectrometer and reported in ceunts per min

ute. The se counts were used to calculate the ratio between 

the amine and the terminal CO2 portion of each different 

Chain-length ratty acid to determine where most radioactivity 

ended up and, therefore, to determine how the fatt7 acids 

were elongated and desaturated. 
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. VI. RESULTS, PROBLEMS, AND DISCUSSION 

The results -- summerized on the previous page -

showed that no derinite, single conclusion can be made 

as to the method of fatty acid elongation or de saturation 

since no correlation exists between the two samples. 

Either the fatty acids were elongated in a non-speoific, 

random manner, or the testing prooedure that was used 

was i~sufficierit to bring about reliable results. The 

fact that sointillation of the samples produced evidence 

of radioactivity incorporated into the P. chrysogenUm 

lipids indicates the procedure to be at least feasible 

and, with possible modificatioas, even fruitful. 

Originally, six samples were to have been tested in 

this study, and a 120 minute culture included in addition 

to the 2 and 20 minute cultures. However, these samples 
: 

were mistakenly taken through 8l'1 incorrect sequence iJt 

the procedure and thus were lost, and the additional data 

these were to have provided became unavailable • 

. Future attempts at'this·study might be more success-

ful if the following suggestions ape integrated into the 

procedure: fewer container changes could be made throughout 

the procedure to reduce mechanical loss of radioactivity; 

when container changes are made, much care should be "taken. to 

transfer the pooled sample multiple times; storage tiMe 

of samples throughout the procedure is reduced to a 
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minimum so as to eliminate changes in reagents (example: 

adding scintillatioa rluid to the CO2 vial immediately 

Brter the decarboxylation step te prevemt the Hyamiae 

Hydroxide rrom drying out) or oxidatioB of ratty acids; 
14 . 

a "hottern concentration of 1-0 lauric acid .could· be' , 

used to increase counts and perhaps improve repreducib

ility; more than 20 ~ or the mycelial suspension could 

be used to constitute each sample; rubber serum caps ' 

used in the decarboxylation step should be secured tighter; 

the syringe needle holes in the rubber serum cap should 

be plugged immediately arter the injection is made to 

eliminate CO2 loss • 
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