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Abstract-TLC analyses revealed a qualitative similarity in the phospholipid compositions of three fungi, 
Fusarium solani, Cephalosporium spp. and Graphium spp., mutualistic with the ambrosia beetle, Xyleborus 
ferrugineus. Major components were phosphatidylethanolamine (PE), phosphatidylcholine (PC) and phos- 
phatidylinositol (PI). PC and PE totalled more than 60% of the phospholipids in Cephalosporium spp. and 
F. solani, and more than 80% in Graphium spp. The higher combined percentage in Graphium spp. was due 
to PE content. Phosphatidylserine was not detected in the mutualistic fungi. In terms of lipid phosphorus 
per unit of dry weight, there was a 2: 3: 4 ratio for F. solani : Cephalosporium spp. : Graphium spp. 

INTRODUCTION 

EARLIER work established that three species of ambrosial fungi, Fusarium solani, Cephalo- 
sporium spp. and Graphium spp., were mutualistically involved in the nutrition of the 
beetle, Xyleborus ferrugineus. 1--3 Subsequent studies revealed unusual sterol requirements 
by this beetle when freed of its fungal ectosymbionts.4*5 Because of the obligatory ecto- 
symbiotic relationship between the beetle and its fungi, and of the general importance of 
lipids to insect development, a study of the phospholipid contents of the three fungi was 
undertaken. In this paper, the qualitative and quantitative phospholipid composition of 
these three fungal species are presented. 

RESULTS 

Total lipids from each of the three fungal species were extracted in CHCl,-MeOH (2 : 1) 
and further separated into neutral and polar fractions. The polar lipids (2.8 %, 3.6 % and 
4-5 % of the total lipids, respectively, for F. solani, Cephalosporium spp. and Graphium spp.) 
were analyzed for phospholipid composition in one- and two-dimensional TLC using 
several adsorbants and different solvent systems. The phospholipids of the three fungi, 
identified by comparison of R, values and staining reactions against authentic standards, 
are presented in Tables l-3 for F. solani, Cephalosporum spp. and Graphium spp., respect- 
ively. Phosphatidylethanolamine (PE), phosphatidylcholine (PC) and phosphatidylinositol 
(PI) were the major phospholipids in all three species. Cardiolipin, not detected in F. 
solani and Cephalosporium spp., was present in small amounts in Graphium spp. Several 
glycolipids, not visible with iodine vapor, appeared on charring with 50 % H,S04. One was 
detected in Cephalosporium spp. and three in the other two species. 

r D. M. NORRIS and J. M. BAKER, Science 156, 1120 (1967). 
z J. M. BAKER and D. M. NORRIS, J. Znvertebr. Pathol. 11, 246 (1968). 
3 D. M. NORRIS, J. M. BAKER and H. M. CHU, Ann. Entomol. Sot. Am. 62,413 (1969). 
4 H. M. CHU, D. M. NOR~US and L. T. KOK, J. Insect Physiof. 16,1379 (1970). 
5 L. T. KOK, D. M. NORRIS and H. M. CHU, Nature, Land. 225, 661 (1970). 
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TABLE 1. TWO-DIMENSIONAL TLC OF THE POLAR LIPIDS OF Fusarium solani SHOWING R, VALUES IN TWO 

SOLVENTSYSTEMS ONEACHADSORBENT,AND STAININO REACI-IONS 

R, values* Staining reactions? Identification 

SGG(carbonate)$ SGG(borate)$ 
- 

Spot No. 18 2 3 4 Nin Bi Ag 

0 0.0 o-0 
1 o,o 0.46 
2 0.09 0.69 
: 0.33 0.16 0.52 0.73 

5 0.31 0.65 
6 0.66 0.66 
7 0.88 073 
8 0.74 0.85 
9 -- 

10 - - 
11 -- 

0.0 0-O 
- - 

0.33 0.28 
0.46 0.70 
0.22 0.71 

- - 
- 
- 

0.31 
0.31 

- 
- 
- 
- 

0.69 
0.66 

- 
- : 

- - - Lipid remaining at origin 
- - - Unknown 
- + - Phosphatidylcholine 
+ - - Phosphatidylethanolamine 
- - + Phosphatidylinositol 
- - - Glycolipid 
- - - Glycolipid 
- - - Unknown 11 close to cardiolipin 
- - - Glycolipid 

Solvent front artifact 
- - - Unknown11 
- - - Unknown 11 

* Mean of 3 replications; - = no response. 
t I3 = iodine vapor; H2SOd = 50 % sulphuric acid; Nin = 0.2% ninhydrin ; Bi = bismuth (Dragen- 

dortI reagent); and Ag = ammoniacal silver nitrate. 
$ Adsorbant: SGG = Silica Gel G (Merck); SGG (carbonate) = Silica Gel G made up with 0.01 M 

sodium carbonate; and SGG(borate) = Silica Gel G made up with borate buffer at pH 8. 
5 Solvent systems: 1 = CHC&MeOH-AcOH-Hz0 (250: 74: 19: 3); 2 = CHC&MeOH-7 N NH*OH 

(230:90:15); 3 = CHCIS-MeOH- N NH,OH (60:35:5); 4 = CHC13-MeOH- N NI-I.,OH (35:60:5). 
jj Trace amounts. 
+ = Positive reaction. 

TABLE~.TWO-DIMENSIONALTLCOFTHEPOLARLIPIDSOP Cephalosporium spp. SHOWING R, VALUESINTWO 

SOLVENT SYSTEMS ON EACH ADSORBENT, AND STAINING REACTIONS 

R, values* 

SGG(carbonate)$ SGG(borate)f 

Staining reactions? Identification 

Spot No. 10 2 3 4 I2 H2S04 Nin Bi Ag 

0 0.0 o-o 
1 0.0 046 
2 0.10 0.70 

: 0.34 0.17 0.71 0.50 
5 0.66 O-66 
6 0.93 0.73 
7 -- 
8 -- 
9 -- 

0.0 0.0 

073 o-27 
@47 0.68 
0.22 0.71 

- - 
- 

0.32 0% 
0.32 064 

+ + - - - Lipid remaining at origin 
+ + - - - Unknown 
+ i- - + - Phosphatidylcholine 

: 
+ - 

1 - - 
- Phosphatidylethanolamine 
+ Phosphatidylinositol 

_ + - - - Glycolipid 
+ - - - Unknownll 

Solvent front artifact 
- - - - Unknown~~ 
- $ - - - Unknownll 

For *, t, $, 8, 1 and + see Table 1. 
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TABLE 3. Two-DIMENSIONAL TLC OFTHE FOLARL.IPIDS OF Graphium spp. SHOWING RI VALUES MTWOSOLVENT 
SYSTE.MSONEACHABSGRBENT,AND STAINING REACTIONS 

R, values* 

SGG(carbonate)S SGG(borate)$ 

Staining reactionst Identification 

Spot No. l$ 2 3 4 Iz H2SOb Nin Bi Ag 

0 o-0 0.0 
1 0 0.41 
2 0.11 0.71 

: 0.35 0.17 0.73 052 
5 0.39 060 
6 053 0.67 
7 0.74 0.66 

; 0.95 0.93 0.62 0.77 
10 - - 
11 -- 
12 - - 

o-o 
- 

0.33 
0.46 
0.21 
- 
- 
- 
- 
- 

0% 
0.30 

0.0 - - - 
- ; - - - 

0.28 + - + - 
0.68 : + - - 
0.70 T + - - + 
- - + - - - 
- - + - - - 
- - + - - - 
- - + - - - 
- + + - - - 
- 

0.69 - + - - - 
0.66 - + - - - 

Lipid remaining at origin 
Unknown 
Phosphatidylcholine 
Phosphatidylethanolamine 
Phosphatidylinositol 
Glycolipid 
Glycolipid 
Glycolipid 
Possibly phosphatidic acid 11 
Cardiolipin 
Solvent front artifact 
Unknown]1 
Unknown/l 

For *, t, 2, $, 1 and + see Table 1. 

Quantitation of the different phospholipids in the three fungi is summarized in Table 4. 
Quantities of phospholipids in F. solani and Cephalosporium spp. were very similar, with a 
1: 1 ratio of PE: PC, and a smaller PI content. Graphium spp. had a much higher PE content; 
almost twice that of PC. In terms of phosphorus per unit dry weight, there was approxi- 
mately a 2 : 3 : 4 ratio for F. solani: Cephalosporium spp. : Graphium spp. The high phosphorus 
content in the latter species reflected the high PE content. 

TABLE 4. hiomio~mDs* OFAMBROSIAL FUNGICULTURED IN lOOm1 NEUTRAL-DOX-YEAST MeDIuMt PERKS ml 
FJASK,INCXJRATED FOR 15 DAYS AT 28” ANLI 70% r.h. IN DARKNESS 

Phospholipid 

Species 

Fusarium solani Cephalosporwm spp. Graphium spp 
- 

Tota! . Total Total 
wmol: 

b3dryW) 
phosqgllpld 

(g~~$ 
phosphohpid 

(%) (g~z$L) 
phospholipid 

(%) 

Phosphatidylethanolamimine 
Phosphatldylcholine 
Phosphahdyhnosltol 

cak&l~n 
Phospholipid remaimng at 

ongin Total 

* Mean of 4 replications f S.E. 
t See. ref. 12. 
$ Phosphorus 



1452 LOKE TUCK KOK and DALE M. NORRIS 

DISCUSSION 

The general qualitative phospholipid pattern was similar in the three studied ambrosial 
fungi. PC and PE together comprised more than 60 % of the total phospholipids in Cephalo- 
sporium spp. and F. solar& and more than 80 % in Graphium spp. The increased percentage 
in the latter was due to a higher PE content. The PE : PC ratio of 1: 1 m the first two species 
was comparable to that of Saccharomyces cerevisiae6 and Lipomyces lipofer.’ The PE 
contents were in the upper portion of the 18-30 % range previously reported in four other 
Moniliales, but PC contents were much lower than the 41-54 % observed in these species.* 
In Graphium spp., PE predominated by about a 2: 1 ratio over PC and was much higher 
than the PE content of previously studied fungi. The 14 % of PI in F. solani was about three 
times that in Cephalosporium spp. and in Graphium spp., but was much less than the 22.4 % 
in Lipomyces lipofer.7 Although faint traces were detected in the cardiolipin region of the 
TLC from the other two fungi, cardiolipin could only be quantitatively determined in 
Graphium spp. This phosopholipid has also been demonstrated in several yeasts, Cand&qg 
Kloeckeral’ and Saccharomyces,l’ but not in Lipomyces,7 four Endomycetales or four 
Moniliales species. lo A notable deviation from previously published results from fungi 
was the absence of a detectable concentration of phosphatidylserine in the three ambrosial 
fungi. 

EXPERIMENTAL 

Axenic culture of ambrosial fungi. The three ambrosial fungi, Fusarium solani, Cephalosporium spp. and 
Graphium spp., isolated from the mycangia (i.e. fungal repositories) of surface-sterilized adult beetles, were 
pure cultured on PDA medium and each was subsequently used as inoculum for axenic growth in chemically 
defined liquid Neutral-Dox-Yeast medium in 500 ml flasks. I2 Each fungus was grown for 15 days in darkness 
in an environmental chamber maintained at 28” and 70% R.H. At harvest, the fungal mats were washed in 
distilled water and then lyophilized. 

Extraction procedure. Batches (15 g) of lyophilized fungus of each species were extracted for total lipids 
in CHC13-MeOH (2: 1) by the methods of Folch et al. I3 The volumes of the lipid fractions were then reduced 
under vacuum and separated into neutral- and polar-lipid fractions by silicic acid (200 g) column chromato- 
graohv. Two effluents were used to elute the total lioid fraction, first 500 ml CHC13 for neutral lipids and 
ihe& i 1. MeOH to collect the polar lipids. The MeoH fraction &as dried under vacuum, weighed and then 
analyzed for phospholipids by TLC. 

TLC chromatography. Polar lipid samples were applied to plates coated with 2.5 mm basic Silica Gel G 
and run, as described previously,iL’6 in one- and tv&dime&ional TLC. Solvents used in two-dimensional 
TLC were. bv vol. : CHC&MeOH-AcOH-H20 (250: 74: 19: 3) and CHCln-MeOH- N NH&OH (230: 90: 
15); and &&-MeOH- N NH.,OH (60:35:5) and CHCl&MeOH-7 i% NH,OH (35:60:5). The lipid 
spots were nonspecifically detected by iodine vapor and/or 50% HZS04. Specific staining reagents used were 
ninhydrin for amino phosphatides, Dragendorff reagent for choline-containing lipids and ammoniacal 
AgN03 for inositol and glycerol. The fungal polar lipids were compared against authentic phospholipids, 
chromatographed singly and in mixtures (seven solvents, three adsorbants), for RI values and staining 

6 R. P. LONGLEY, A. H. ROSE and B. A. KNIGHTS, Biochem. J. 108,401 (1968). 
7 F. A. MCELROY and H. B. STEWART, Can. J. Biochem. 45, 171 (1967). 
8 G. L. A. GRAFF, B. VANDERKELEN, C. GUEUNING and J. HUMPERS, SocietC Beige De Biologie, SPance du 

28, 1635 (1968). 
9 M. KATES and R. M. BAXTER, Caa. J. Biochem. Physiol. 40,1213 (1962). 

lo R. M. C. DAWSON, R. W. WHITE and N. FREINKEL, J. Gen. Microbial. 27, 331 (1962). 
II R. L. LESTER, Federation Proc. 22,415 (1963). 
I2 D. M. NORRIS and J. M. BAKER, Ann. Entomol. Sot. Am. 62, 592 (1969). 
I3 J. FOLCH, M. LEES and G. H. SLOANE-STANLEY, J. Biol. Chem. 226,497 (1957). 
I4 C. R. BUNN, B. B. KEELE, JR. and G. H. ELKAN, J. Chromatog. 45, 326 (1969). 
I5 D. ABRAMSON and M. BLECHER, J. Lipid Res. 5, 628 (1964). 
I6 V. P. SKIPSKI, M. BARCLAY, E. S. REICHMAN and J. J. GOOD, Biochim. Biophys. Acta 137,40 (1967). 
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reactions. All chromatograms were conducted in at least three replicates. For quantitative determinations 
three chromatograms were pooled as a replicate to ensure. sufficient material for detection by color develop- 
ment of phosphates based on the methods of Kahovcova and OdaviC.” 
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