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DIRECT DETERMINATION OF IMOLAR RATIOS OF VARIOUS CHEMICAL 
CONSTITUENTS IN ENDOTOXIC GLYCOLIPIDS IN SILICIC ACID SCRAP- 
INGS FROM THIN-LAYER CHROMATOGRAPHIC PLATES 

- -_.___ -_- _--~-_--~.------._ ~__. __-._ 

SUMMARY 

An:dytical procedures are described for the determination of _thc ratios of 
nitrogen, phosphorus_ hesosamine. carbohydrates, fatty acids and 2-keto-3-deosy- 
octonatr (KDO) in bacterial endotosic _pl_vcoiipids separated by thin-layer chromato- 
graphy (TLC). The methods make it possible to carry out analyses in the presence 
of silicic acid to obtain the molar ratios of the chemical constituents of natural prod- 
ucts_ For some micro-determinations, such as nitrogen. phosphorus or KDO, scrap- 
ings from a sin$e TLC plate are sufficient for carrxin s out the quantitative a~ial~scs_ 

lNTRODl_KTION 

Thin-layer cliromato~raph_\:ipl~~ (TLC) at present can be considered to be one of 
the most etkztive and useful techniques for the separation of lipids_ The advantages 
ofTLC include simplicity_ speed and high resolution. Preparative TLC usually ekt‘ects 
better separations than silicic acid column cliroriiatofraplzr. Some natural products 
can be separated to form a homogeneous single band and several milligrams of 

purified materitll cm be recovered by collecting scrapings from five or more plates. 
The disadvtmtages of preparati\.e TLC are two-fold_ Firstly, the clunte is frequently 
contaminated with fine silicic acid particles’. Filtration of the eluate through ultrnfme 
&ss fikrs does not eliminate all the contamination. Centrifugation and partition in 
two-phase solvents have been designed to etiminntc the fine particles”, but the pro- 
cedures are tedious and removal of the silicic acid is not complete_ Secondl_v. recovery 
of the material from the scrapings is usually knv-, especially \vhen the lipids must be 
developed in a rtttkr polar solvent system”. 

Bacterial cndotosic glycolipids are heterogeneous. The purification ntid iso- 
lation of purified material is necessary before the structure-function relationship cm 
be verified. The endotosic glycolipids from S&loneIln mitolesota R595 have been 
separated by TLC’_ In order to avoid the difficulties in the elution of glycolipids 
from silicic acid scrapings, quantitative analytical procedures have been developed 
in our laboratory for the determination of the molecular ratios in these glycolipids 
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in the presence of silicic acid_ Scrapins from TLC piates were taken and subjected 
to quantitative chemica1 microamdyses, without attempting the elution of the com- 
ponents from the scrapings_ 

Chemical analyses included the measurement of total nitrogen, phosphorus. 
hesosamine, total carbohydrates, long-chain carbosylic acids and Zketo-3-deosy- 
octonate (KDO)_ The molecular ratios could be calculated from these data_ 

%lATER!ALS AND METHODS 

Chloroform-methanol (4: I ) soluble glycolipids were directly estracted from 
the lyophilized cells of a rough mutant. S~~l~~~o~~eil~r mituresotr~ R595, as reported 
elsewhere-I_ 

Ail TLC was carried out with silicic acid Bio-Sii A (2-10 ,ttm: Bio-Rad Labs._ 

Richmond_ Crtlif__ U-S-A_) and with plates 20 :-: 20 cm in size and 0.25 cm in thickness. 
To 30 ,g of silicic acid. 56 ml of xater containin, LX 3 ml of concentrated z~mmonia 
solution were added_ The plates \vere air-dried, activated at 120’ for I 11 in a vxuum 
oven_ then cooled in a vacuum desiccator_ The solvent system used \vas chloroform- 
methanol-water-ammonia (100:3O:S:4j. 

As these plates could not be used for the determination of nitrogen. other 
plates \vere prepared in xvhich the slurry \vas made in 0.1 M phospht1te buKer”_ pH 7-S. 
and the pH of the slurry was again adjusted to 7.8 with 10 N sodium hydroside 
solution. In order to obtain rrasonrtblv _ good separations. thr solvent systems used 
for these plates were either chlorof~~rm-meth~Inol-\~~ltcr (3:3:1) or It-proprtnol-~~\lter 
(I II). 

The spray reagents used \vere either chromic acid-sulfuric acid (5 y$ potassium 
dichromatc in -IO:; sulfuric acid) or \vater_ For preparative TLC. about 1 ny 01‘ 

$ycolipid per plate was applied with a sample applicator (Applied Science Labs.. 
State College_ Pa._ U.S.A.). The plates were developed. dried and spra_ved \vith 
distilled water: those parts of the silicic acid which contained lipids rem:kwd 
\vhite_ \vhile other zones became translucent_ The outlines of the visible bands were 
marked and the plates were dried at room temperature. The bands were scraped off 

and the identical bands or zones from several TLC plates were pooled_ The scraped 
silicic acid \vas dried at 70’ in a vacuum oven over phosphorus pentoside. then stored 
in vials in a vacuum desiccator over phosphorus pentoside at room temperature. 
A blank zone was also scraped and treated in the same manner. 

Before all quantitative chemical analyses, the poo!ed scrapings were thor- 
oughl; mixed. A 500-mg amount (the wei&in g should be carried out as rapidly as 
possible) of the scrapings was transferred into a IOO-ml Kjeldahl digestion flask. 
Concentrated sulfuric acid (2 ml) saturated with anhydrous copper(I1) sulphate \vas 
added and the digestion was carried out in the presence of alundum particles. as 
described elsewhereG_ 
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The distillation was performed with a Lnbconco micro-distillation apparatus 
(Labconco Corp., Kansas City, MO., U_S_A_)_ A S-ml volume of 10 N sodium hy- 
droxide solution was added to the sample and the ammonia liberated was steam- 
distiiled into a recipient Z-ml graduated cylinder containing 10 ml of 0.02 1V sulfuric 
acid. After distillation. the cyiinder was filled to 20 ml with water and its ammonia 
content was determined by Nesslerization- To a 5-ml aliquot- Nessler reagent (5 ml; 
Hartman-Leddon Co., Philadelphia, Pa., U.S.A.) was added and the color \vas 
measured at MO mn. A calibration curve was prepared with ammonium sulphate. 

The determination of phosphorus was carried out using a modified method of 
Chen et al_;_ Liberation of organic phosphorus was achieved by heating 50-mg 
afiquots of sificic acid scrapings in 0-S ml of 6 N sulfuric acid at 100’ for 16 11 in a 
glass-stoppered tube. A 4-ml volume of water was added and mixed well. Aftercooling. 
0-S ml of 2.5 7: ammonium mofybdate mixed \vith 1-G ml of water and 0-S ml of 
10% ascorbic acid was added. The tubes \vere thoroughly mised and incubated at 
37’ for 1 i h. The mixture \vas centrifuged at 1000 g for 15 min. and the color 
intensity of the supernatant was determined at SZO nm. A calibration curve was 
prepared with potassium dihydrogen orthophospf~ate. 

A 300-mg amount of sificic acid scrapings was hydrolyzed with 2 ml of 4 N 
hydrochloric acid in a glass-stoppered test-tube at 100’ for I8 11. The contents of the 
tubes were filtered into a 100-ml romld-bottomed tlask and \vashed about five times \vith 
3 ml of water. The filtrate \vas dried thoroughly on a Biichi evaporator. The fask 
with the dried hydrofyzate was placed in a vacuum desiccator and dried overnight 
over potassium hydroside pellets. A 3-ml volume of water \vrk added to dissolve the 
residue and 0.5 and I.5ml aliquots \vere taken for the determination of hesosamine. 
The procedure for color development was essentially the same as that described by 
Rondfc and Morgm*_ _A calibration curve was prepared with gfucosamine. 

The carbohydrate content \vas determined according to the metflod of Dubois 
et (I/_“. To 200 mg of sificic acid scrapings and 0.5 ml of kvater in a test-tube. 1.0 ml 
of 51!,: phenol solution was added and mixed well. After the tubes had been chilled 
in an ice-bath. 5 ml of COIIC. su!furic acid \vere added, mixed well and the tubes were 
returned to the ice-bath_ The tubes Lvere then immersed in a boiling water-bath for 
15 min. after xvhich they wxt‘ cooled in an ice-bath_ The sample \vas then cen- 

trifuged at 1OOOg for 20 min and the supernatant was read at 490 nm. A calibration 
curve with standard destran solution \vas used for the determination. 

A Z-ml amount of boron trittuoride reagent (Applied Science Labs.) was added to 
a test-tube with a standard-taper-joint which contained 500 mg of silicic acid scrapings 
and granules ofalundum. The tubes were firmly attached to well cooled retlus condens- 
ers and the lower end (w. ; in_) was immersed in an 80-90’ oil-bath for 5 h in order to 
transesterify the fatty acids*“_ The tubes attached to their condensers were cooled. 
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and 2 ml of redistilled methanol \verc added through the reflus condenser into the 
tubes. W’atcr (2 ml) tmd whesrmc (1 ml) \sere added to the disconnected tubes. which 
\vere immediately closed \\-ith glass stoppers_ The tubes were shrrkcn vigorously for 30 
see timi i~llowcci to stzmdat room tcmperttture forapproximately 1 h until thesilicicacid 
had settled and the two phases \vere clearly septtrtlted. The Iz-hestme phtlse NXS 
r&Lined and 2 ml of fresh wheszrne \vere added for estrxtion. A total of four such 
extractions were repettted. Any contaminatin, t* \vater WLS removed with nnhydraus 
sodium sulElte_ The poo!ed n-hssane wxs then e=Lporrtted Lmtil camplctely dry with 
nitrogen 3s ;ft room tempcrtlture. The ftttty acid methyl esters were qutmtitatively 
dttcrmined by the h~drosylamine methodl*_ A cttlibrtltion curve W;LS mxdc \vith 

“Iucose pcntxtwtate_ = 

The methyl esters used for qusntitative ftltty xid zlnaiysis were also cxmlincd 
by GLC using XII F & $1 609 instrument equipped lvith ;t hydroscn Ilame ionization 
detector- The components on the chromrttogrwis \vere identified by co-chromsto- 
vtlphv lvith the tiuthentic ftitt- xid methyl esters. z - 

The Ii>-drolysis of KDO is usuall_v dcstructivt’ :tnd :t h~drnlysis curve is nccdcd 
t-or tech sample to obtain the value :it zero time. \\‘hen the sampk is coated on silicic 
acid. however, KDO is protected :tgzinst destruction by acid and ;L 20-min hydrolysis 
w;ts found to be optimal_ 

A 100-mg amount of silicic xid scrztpings nxs hvdrolyzed \vith 1-O ml of 
0.025 S sulfuric xid in :L boilin, c* \vater-b:ith t-or 20 min. The cooled h?;drol_\-zatcs 
\vt’re centrifuged at approsimarrl_\; ICC0 _~ cr for 15 min. A O.-t-ml xnount of the 
supermwnt \V:LS used for the determination of* KDO. The method UX?; c?rscntially 
the sxne ;LS thztt described by \Vcissbach and Hurl\-itz”’ and modilied by Osborn*‘~. 
csccpt that the xnounts of ail the reagents \verr‘ douhlrd_ A calibrtltion curve ~:LS 

prepared with anmwnium KDO (it giti tiom Dr. 0. Liideritz. which the :iuthnrs 
l wxitly r~pprcciate) in the range I- 10 !ig-_ -_ 

RESULTS XSD DfSCUSSlDX 

The separation aT endotosic _ _ ~~lvcolipids from S_ miruwsotu R595 bv TLC with 
solvent system chloroform-methanol-\\-ritcr-ammonia ( 100:5O:S:4) is showi in Fig. 1 
Four major btlnds \vere obtained and all \vere tbund to he biolo+cal!y :Lctive~. The 
KDOr hesosamine_ phosphorus and tlitty acid contents of each bsnd were dctcrmincd 
by the procedure described above. It W;LS tound that these four bands (a. b, c :tnd d) 
had similar molter rtttios_ namely KDO:hesc~samine:phosphorus:!~~tt_v acid =- 2r2:3:6 
(.Table I). This ratio \vits in the runge of reported data I*J~ for glvcolipids tic:m Y. 
mimrc~sotcr R595_ ln addition, the Jz-hesane cstrxt of the trwxcstcrified methyl csi[t’rs 
w;rs &SO ztnal~zed b\r GLC. Fig. 2 shows that the four biologically active bands 
reve:dtd similrrr ktt- tlcid compositions_ Thus. by determinin, ” the ;1IlloLlI’Its cl- the 

constituents of-the silicic ncid scrzxpings- it is possihk to c&xlat~ the maIccui;;r rztios 
of various components in ;1 nrrturrtl product \vithout kno\vin= ‘3 the e.sxt org_anic 
material content of the sificic acid scrapings. 
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Fig_ 1. Gas-liquid chronuto~mm of fatty acids present in &colipid fractions. CoIumnr 3 ?; ECNSS- 
M on IOO-120 mesh Gas-Chrom Q. 12 ft. Temperature programmed from 50’ to 185’ at 6.4’jmin. 
a, b. c and d = fractions obtained from glycolipids by TLC_ C,, = iauric acid: C, t -L mxristic acid : 
C,, =r palmitic acid: C LI 7 stearic acid: >-OH-C,, --: 3-hydro.symyristic acid. 

tion_ The silicic acid obtained from other sources 111ay have a significant xnount of 
contamination, in which case it should be pre-washed or a calibration curve \vith 
blank silicic acid plus known amounts of standard material should be used. 

The amount of silicic acid scrapings needed for each analysis depends on the 
totai organic mater& as we11 as the percentage of the particular component in the 
isolated band_ The optimal ranges for the components to be determined are shown in 
Table II. Thus. if I-3 mg of the total substance can be separated on one TLC plate. 
scraping from a single band may be sufticient to determine nitrogen. phosphorus 
and KDO, and to calcuiate the molecular ratios if the compound in the band is 
relatively rich in these components_ 

The major source of error in these analyses is the variation in the water content 
of the silicic acid scrapings. The scrapings should be mised and dried thoroughly and 
all samples shouId be kept constantly under vacuum (less than O-1 mm Hg at room 
temperature over phosphorus pentoside). The weighins nrocedure should be carried 
out as rapidly as possible. 
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TABLE II 

RANGE OF THE OPTIMAL AMOUNTS OF THE COlMPONENTS FOR DETERMINATION 

C0mpcr1rwt Optimrd ruq.v (jlql 

Nitrogen 5-15 
Phosphorus l-10 
Hesosaminc 20-so 
Fatty acid 150-1’50 
Carbohylrrtte 10-100 
KD3 Z-10 

-. 

WhiIs our procedures were developed for an endotosic ~lycolipid, other 
natural products which can be separated by TLC ma? be subjected to similar analyses 
in order to obtain the chemical molar ratios \vithout the difficulties of elution and 

contamination of silicic acid. 
A similar TLC pattern to that of S_ I~Z/Z~WUCI R595 glycolipids has been 

observed in our laboratories for glycolipids estracted from another rough mutant, 
Srrl~non~flrr r_rphinzztz-izttzz SL 1 102.. The mo!ar ratios of KDO:hesosa~~~ine:phosphorus : 
frttty acid in pooled glycolipids \vas found’” to be 2:3:4:7. 
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