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INTRODUCTION
The previous report Included detalls of experiments to investigate the

membrane assoclatlion of Jrypanosoma rhodesiense flagella pocket membrane

(FPM).
For the perlod of this report (Aug. 1982-Aug. 1983) these Investigations

have been continued with a number of significant reflinements. Firstly antl-
sera to FPM has been ralsed In rabbits and used as a source of antibody.

Secondly we have developed an Immuno-blotting technique that permits a much

TEURE NOEOR

more sensl|tive means of detecting separated antigenic membrane components,

Additional experiments have Involved the use of phosphollpase A2 and
sphingomyel Inase as probes for studylng the release of membrane antigens.
Both Induce pronounced release of two major antigenic components In addltlion
to 3-4 more minor components, all of these being glycoprotein. There would
seem good reason to Impllcate hydrophoblc Interaction between FPM proteln and
acyl slde groups of membrane phospholipid. In addition a more specific role
for sphlngomyellﬁ, which we have detected by thin |ayer chromatography In the
FPM, appears probable. Such results are discussed In the context of recent
evidence of hydrophoblic resldues belng Involved In the attachment of varlous
spaclflc antigen to the surface membrane cf Irypanosoma brucel.

Studles have commenced, In collaboration with Dr. John G. Olenlck and Dr.
: Ruth Geller at WRAIR, to further elucldate the nature and degree of clonal
: speclficlty of FPM antigens. Results to date demonstrate the such Identical
‘ antigens are present In two I, rhodeslense clones. However using monoclonal
antlbody to VSA of two cloned Isolates no cross reaction can be demonstrated

i If Incubated with blot transfers of electrophoretically separated FPM pro- !
A telns.
METHODS l
previously described (13). For some experiments (see Table 1) cells were

surface labelled using the fluorescamine- gcydodextrin complex (16). A 15mg
amount of fluorescamine (Fluram) was used to prepare the above complex and
dissolved at 45°C In 75ml 100mM glucose, 150mM PO4, pH 8.0, then equlllbrated
to 30°C. At thls time 5.0m| of loosely packed trypanosomes were added, then

after 10 min 75ml PO4-glucose contalning 0.5% bovine serum albumin (to consume
excess fluorescamline) was added and the trypanosomes sedimented and twice

) The Isolation of trypanosomes and thelr subcellular fractionation was as {
|
|

|
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washed at 3000 r.p.m.
Exposure of the FPM fraction to phosphollipase A2 and sphingomyel Inase.

To further Investigate the nature of the Interaction between FPM antigens and
I1pld membrane, preparations were exposed to phosphollpase A2 (porcine pan-
creas-Sligma) or sphlingomyelinase (umbllical cord-Sigma). A FPM preparation
(approximately 3.0mg protelin) was resuspended Iin 300\ 5mM calclum acetate;
225mM sucrose, 15mM HEPES, pH 7.0 and to this was added 7.5\ phosphollpase A2
(1200u/ml) and 301 10% bovine serum albumin. The BSA was included to bind
membrane active products (1) such as lysophosphollplds that could have non-
speclfically solubilized membrane antigens. After 30 min at 28°C phosphol |-
pase actlvity was stopped by adding 301 37mM EGTA and resldual membrane
removed by centrifugation at 33,0009 using a Sorvall SS34 rotor.

To approximately 3mg FPM protein In 300) 50mM acetate, pH 5.0, was added
7.5 X sphingomyel Inase (5000 U/ml). After Incubation as for phospholipase A2,
50 » of a600mM Tris-HCI pH 9.0 was added to stop the reaction. Resldual
membrane was removed by centrifugation.

Production of rabblt anti-FPM antibodies. Approximately 8-10mg FPM pro-
tein, representing the yleld from two cell fractlonatlion experiments, was
resuspended In 0.75m| 250mM sucrose and mixed 1:1 with Freund's complete
ad juvant (Calbiochem-Hoechst). A New Zealand white rabblt was then Injected
subcutaneously with thls preparation with two further injections at 3 week
Intervals followed by a final Injection after a further 4 weeks. After two
weeks the animal was bied by cardlac puncture. The serum obtained was used
for Immunoblotting whilst proteln A-sepharose was employed to Isolate the 1gG
fractlion for Immunoelectrophoreslis.

Preparation ot samples for SDS-polyacrylamide gel electrophoresis. For
SDS-PAGE allliquots of fraction P, or a FPM fraction were extracted with 0.4%
Triton X-100/0.15% zwlttergent 3-12 or exposed to phosphol Ipase A2 or sphlngo-
myel | nase, as described above. After centrifugation at 33x103g for 1.0 h
(Sorvall SS-34 rotor) the soluble components were removed and 20% SD5 added to
a final concentration of 2.08. In some Instances the Insoluble residue was
also solublillzed using 20§ SDS, as were allquots of the untreated FPM and Py
tractions., All samples were then heated for 10 minutes at 55°C with 7.5mM
dithlothreltol and sucrose added to a final concentration of 5%.

Dansylation of membrane proteins. In some Instances, FPM proteins were

dansylated prior to electrophoresis, using a modifled version of a prevlously
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descrlbed method (14). To 100\ FPM fraction (5 mg protelin/ml) added 15 \ 20%
SDS, 20X 500mM Tris-HCI, pH 7.8, and 10X dansyl chloride in 2-chloroethanol.
After heating for 15 min at 50°C 15 ) 50% sucrose and 5 » 2-mercaptoethanol
were added with further heating at 50°C for 15 minutes., For electrophoresis
12.5 ) of the dansylated FPM proteln was appllied to each sample well of a 7%

A A

gel prepared as below.

Preparation of polyacrylamide gels and electrophoresis of membrane pro~
teins. Gel slabs for SDS-PAGE were routinely prepared using 13.3g acrylamide
(Blo-Rad); 0~475g bls; 0.95ml 20% SDS; 142.5) TEMED and Tris-HC|, pH 8.8
added to a final volume of 190ml|. After adding 0.95m| ammonium persulphate
solutlion (0.16g/ml) the gel solution was Introduced Into a GSC-8 cassette
holder (Pharmacla) contalning 4 empty glass cassettes (14x8x0.27cm) and sample
slot former. Following polymerlization two of the gel cassettes were placed In
a electrophoresis tank containing circulating buffer (25mM Trls-192mM glycine,
pH 8.3). The samples, prepared as above, were |ayered Into each sample siot
and electrophoresed into the gel for 20 min using a constant voltage of 75 V.
The voltage was then Increased to 200V, and electrophoresis allowed to proceed
until the bromopherol tracking dye was lcm from the lower edge of the gel.

For stalning, one of the gel slabs was soaked In a solution containing
0.25g Coomassie Brilllant Blue g250 In 210ml methanol + 40ml glaclal acetic
acld and 250m| saturated HgCl,. After 30-40 minutes the gel was destalned
using repeated washes In 250m| ethanol, 650m! water and 80ml glaclal acetic
acld. Stalned gels were then Immersed In 10§ acetic acid contalning 1§ gly-
cerol for 1.0 h and dried for storage using a gel drier. The remalning gel
was used for Immunoblotting as described below.

For certain applications the sllver stalning procedure of Morrlssey (15)
was used where greater sensitivity was necessary,

1n sltu cleavage of electrophoretically separated FPM protelns. Dansy-
lated FPM proteins were separated by dlsc gel electrophoresls using the same
gel and buffer as descrlbed above with 140x7.5mm gel rods. After electropho-
resls the gels were visual lzed using a Black Ray u.v. lamp (305 mm) and gel
sl ices contalning fluorescentiy labelled protelns removed. The separated
protelns were then cleaved by Incubating each gel slice in a solution of N-
chlorosucclinimlide as described by (12). The gel sllices were then placed on
top of a 12.5% acrylamide gel (1:30 cross-linked) and electrophoresed for 4.5

h at 225V (375mA).

''''''''''''''''''''''
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The separated cleaved fragments were then transferred to nitrocellulose
and those possessing antigenic sequences or sugar residues compared usling
peroxldase conjugated lectins or proteln A as described below.

Iso-electiric focussing of FPM protelins. Iso-electric focussing gels were
prepared using 1.25g acrylamide 0.125g bisacrylamide; 2.5ml glycerol; 5.0ml 2%
Triton X-100 1.185m| 2% zwlttergent 3-12; 0.5ml| Polybuffer (5, Pharmacla);
15.5m! water; 12,5 TEMED and 0.5ml § ammonium persulphate. Gels were cast
as 140x5mm rods, samples applled In zwlttergent/Triton X-100 and focussed at
400 V for 5 hs at constant power.

Immuno-biotting procedures. Samples subjected to SDS-PAGE were electro-
phoretically transferred to either nitrocellulose or DPT paper (Blo-Rad Lab-
oratorlies) using a Trans-Blot Cell (Blo-Rad). Where transfer was to nltrocel-
lulose, 25mm Tris/192mM glycine, contalning 20§ methanol, pH 8.3 (22) was used
with a current of 0.17A (60 V) for 4.0 h. Before transferring separated
protelns from gel to DPT paper, the gel was soaked In 3 changes (20 minutes
each) of 200ml 25mM P04, pH 6.5, to remove reactive buffer components, The
gel slab was then placed In the Trans-Blot cell containing 25mM PQO4, PH 6.5,
sandw Iched next to freshly actlvated DPT paper (prepared according to manufac-
turer's Instructions). A current of 0.46A (27 V) was used and after 3.0 h the
paper removed for subsequent treatment.

Post transfer treatment of blots. Following transfer to nitrocellulose
any remalning binding sites were blocked by exposure for 1.0 h to three
changes of 25mm Trls, 500mM NaCl, pH 7.4, (TNB buffer) contalnling 3% gelatin.
The strip was then quickly blotted dry and placed In a clean plastic food bag
(13.5x15.5cm). To 9.5ml TNB buffer containing 0.3% gelatin was add 0.2ml FPM
anti-sera and the solution careful poured over the nitrocellulose strip. The
plastic bag containing the strip was then placed flat on a glass plate and the
open end rolled up as far as the flattened strip which was now covered by a
thin layer of buffered antl-serum.

After at least 2-3 hs at room temperature the strip was removed, drled
with fliter paper and washed flve times In TNB with the first wash contalning
0.05% Noniodet. Those components binding FPM antibodies were detected using
horseradlsh peroxidases (HRP) conjugated goat anti-rabbit 1gG (Boerhlinger) or
HRP conjugated protelin A (Sigma). The former was used dlliuted 1:2000 In 50mli
TNB with the latter dlluted 1:2500 In the same buffer. After a 1.0 h Incuba-
tlon the nltrocellulose strips were dried with filter paper and washed with §
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changes of TNB es above.
To visuallze bands of peroxidase activity the nitrocellulose strips were
‘ placed In a solution containing 100mi TNB buffer plus 20m! freshly prepared

0.3% 4-chloronaphthol (Blo-Rad) In Ice cold methano!' t- which was added 60 )
308 hydrogen peroxide., Blue bards appeared with 2-3 minutes and staining was
complete within 5-10 mlinutes at which time the strips were rinsed with de-
lonlzed water and drled for storage (8).

The DPT-paper blots were blocked following a previously described method
(17) then processed as above to detect antibody or lectin binding components.

INBS labelling of trypanosomal membranes. Approximately 5-7ml packed,
washed trypanosomes were resuspended !n 75ml| 5.0mM trinltrobenzene sul fonate
(TNBS), 40mM P04, 30mM NaC!, 55mM glucose, pH 7.8, and Incubated at 0°C for 20
mins. The cell suspension was then centrifuged at 3000 r.p.m. for 10 mlinutes
(Sorvall S$S34 rotor) after adding an equal volume of 750mM glycine. The
trypanosomes were washed twlce more as above, to remove unreacted TNBS, and
processed as Indlcated.

Production of antibodies to DNP conjugated key hole limped hemocyanin.
Large breeder mice were Injected Intraperitoneally with DNP-KLH prepared
according to (11) using 0.2m! of a 1:1 solutlon of Freunds complete adjuvant
(Calblochem) and DNP-KLH (20mg/ml). |Injections were repeated at monthly
Intervals for 3 months at which *Ime It was possible to withdraw fluld from
the ascltes tumors which formed. Such fluld was then used as a source of anti
DNP-KLH antibodies which were recovered uslng proteln A-Sepharose affinity

Parer e L0 TN e e W dm e e fh et R

chromatography.

RESULTS

1. The use of trinitrobenzenesulfonate to surface label I. rhodeslense.
The ratlionale for these experiments was to label I. rhodesiense with the
hapten TNBS and to use antibodies raised to a keyhole |impet-DNP (dinltrophe-
nol) conjugate, to affinlty purify trypanosomal membrane. Flig. 1a shows a FRI
antigenic proflle of a HSP fraction obtalned from TNB labelled trypanosomes
agalnst anti-DNP antlbodles after Isopycnlc gradlent centrifugation (see ref-
erence 13 for cell fractionation procedures). |t Is qulte evident that |abel-
I Ing has occurred throughout the cel| with no speclfic assoclation, In con- !

trast to what was found using fluorescamine (13). Flig. 1b shows the single
precipltin line obtalned after CIEP of pooled low density fractlons (FPM) from i
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the gradlent., Desplite using various buffers and temperatures to |abel cells,
excluslve labelllng of elther the surface or flagella pocket membrane did not
occur. There was no optlon but to discontinue these experiments in view of
the lack of progress obtalned.

’ 2.  Eurther lnvestlgation of the nature of the membrane assoclation of
EPM antigens. Before extending thls aspect of the Investigation, the nature
| of the FPM fraction (see |ast years annual report for Isolation procedures)

with reference to marker enzyme content and fluorescamine labelling, was more

thoroughly establIshed.

O o )

The activities of various marker enzymes assayed In those fractlions
recovered after sucrose gradient centrlfugation of fractlon P, are shown In
Table 1. The FPM fraction Is clearly enriched In both arylamidase and phos-
phatase 1, as expected from our previous Investigation (13), with siightly
less enrichment In phosphatase 2. This latter actlvity, as compared to phos-
phatase 1 Is present to a greater extent In the SM fraction. The low levels
of -glyceropﬁosphafe dehydrogenase, both DCPIP and NAD | inked, and pro-
telnase Indicate at most only slight contamination with mitochondrial, glyco-

T W eT sy § X'F e v
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somal and lysosomal elements respectively, Compared to free fluorescamine,
the fluorescamine- B -cyclodextrin complex resulted In less label belng re-
covered In the cytosol, 9§ as compared to 15% and, as can be seen from Table
1, reduced labelling of FPM as compared to SM. As stated previously (13) the
unexpectedly high recovery of label In the cytosol I|s probably due to release
of VSA durling cell breakage.

As a means of monltorlng the effect of exposure of FPM to phosphol Ipase,
the release of protein and three enzyme actlivitles were measured as shown In
Tablie 2. Noticeable Is that whilst almost one-third of the protein was re-
leased In the presence of hypotonlc buffer, virtually all of the arylamldase
and phosphatase |l remalined membrane assoclated. Of the FPM components not
solublllzed, phosphollpase A, and C Induced the release of almost half the
remalning proteln. However, little of elther the arylamidase or phosphatase

Il enzyme actlvities were now soluble, but very low recoveries were obtalned
suggesting that the products of phosphol ipase activity were exerting an Inhi-
bitory effect. Thls was confirmed, as can be seen In Table 2, where In the

b o B Y

presence of BSA, phosphol Ipase induced release of FPM proteln was greatly

reduced and enzyme recoveries much higher.

-
Ty e A M e W W A



- - - -

THERT AT R PV V.V S, . W A w8

D papiens  méae

s % P ] AT AP,
AT N NS

The release of antigenic materlial from FPM as detected using antibodles

to fractlion P, was reported In the last annual report, these plus some
additional experiments utillizing phosphollpase have been condltlonally accept-
ed for publlication to Infection Immunity (see Appendix). In addition to these
results It Is now possible to use antibodies prepared from anti-serum to the
FPM fraction. Also the results using CIEP can now be compared wlth those
using an immune blotting procedure.

I. Crossed Immuncelectrophoresis of antigens released from FPM. Flg. 2
shows the precliplitin patterns obtalned after CIEP of the products released
from an FPM fraction after exposure to phospholipase A2 or sphingomyel Inase,
compared to those removed by extractlon with zwittergent 3-12/Triton X-100.
These In turn can be compared wlth components released from a Py fraction,
also electrophoresed Into a gel contalning anti-FPM antibodles.

The use of zwittergent/Triton resulted In an antigenic profllie (Fig. 2a)
using antibodies to FPM consisting of three cross reacting antlgens (al-a%) as
well as anflgeds b, ¢ and d, the |atter being much fainter than the others.
The Incomplete nature of peaks b-d suggests some degradation has occurred. As
was found earller (see Appendix) phosphol ipase A2 exposure resulted Iin the
release of antigen a, though using ant1-FPM antibodles resulted In a much more
prominent precipitin line. There was ev!dence of only antlgens aZ and a> with
the latter being less pronounced, whilst antigen b was absent. Antligen d
appeared more pronounced than after zwittergent/Triton extraction, In keeping
with our previous finding (see Appendix). Sphingomyellnase (Flg. 2e) released
materlal glving a simllar antigenic profile to thet seen with phosphol Ipase
A2, Including the Increased release of antigen d as compared to the use of
detergent., Of some Interest Is the notable Increase in precipltin peak d
observed If the FPM fractlon Is allowed to remaln at room temperaturc over-
night prlor to detergent extraction (Fig. 2g). Thls suggests some endogenous
release factor |s operating. The reduction in preclpitin peak a might Indi-
cate degradation wlth release of antigen, d, though It Is difficult to discern
any obvlous cross reactivity between these two components. |t Is notlceable
that the FPM antl-serum recognizes no additional components when a P, frac-
tlon, submitted to the same treatments (Flg. 2b, d, f), Is compared to the FPM
fractlon (Flg. 2a, c, e).

10
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For more recent experiments cobra venom phosphol lpase AZ (Calblochem-
Hoechst) as opposed to that from porcline pancreas has been used. Most Inter-
estingly we have on repeated occasions been unable to dlscern any release of
antigenic materlal (Fig. 2h) as compared to pancreatic phospholipase A.

1. Ihe development of an Immune blotting procedure to detect FPM antl-
gens after separation using SDS-PAGE. Before consldering the results obtalned

using Immune-blotting It Is first necessary to examine the results obtalned
after SDS~PAGE of FPM. Flig. 3 shows the separation of FPM components after
SDS PAGE using 40 mM Tris/Borate, pH 8.3 as compared to a 40 mM Tris 175 MM
glycine buffer, pH 8.5. Both gave simllar separatlion, though resolution was
superior using with the |atter buffer. At least 11 components ranging from a
m.w. of 80-20x10> have been dlscerned using CBB staining with a further 5-7

components after sllver stalning (fligure not shown). Exposure to phosphol -

|
'
1)
'
)
¥
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pase A released components seen In lane 3, whilst the resldue solubillzed In
SDS gave the pattern observed In lane 2. Apart from the absence of a range of
lower m.w, compénenfs, cobra venom phospholipase A also released the two
princlpal components of m.w. % 66 and 60x103. Lane 6 shows those bands con-
tributed by the two phosphol Ipases as well as the bovine serum albumen. The
latter as wlll be seen ml ates very close to an authentic FPM component which
Is obscured for that reason. In lane 5 components released after three
freeze/thaw cycles are shown., Clearly all three components were in part
released though none of the slower moving antigen (m.w, ~ 66x10). Subsequent
extraction with zwittergent/triton (lane 1), as previously stated released a
varlety of addlitlonal components. Phosphollpase A exposure of a simllar
freeze, ' tocwed FPM fract!on also released these same antigens though the bands
are obscured by the BSA that had to be added during Incubation.

Fig. 4a shows the separation of FPM protein, derlived from whole cells
labelied with the R -cyclodextrin-fluorescamine complex, |iberated after
various treatments. Exposure to elther sphingomyellinase (lane 3) or phospho~
|lpase A (lane 4) or extraction wlth zwlittergent/Triton (lane 2) can be com-
pared wlth a control incubation In 50mM acetate, pH 5.0 (used for sphingomye-
| Inase) plus 5mM mercurlibenzoate to Inhibit autolysis. Extraction with zwit-
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tergent-Triton produced the most complete removal of FPM protelns, especially
the 60x103 m.w. component plus other mlnor protelns. Interestingly only
<l Ight extraction of the 66x103 m.w. proteln Is obtalned with detergent,
compared to the acetate buffer. Both phosphollpase and sphingomyellnase
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effected excellent release of the two major membrane proteins, though the
presence of BSA obscures the detalls of those two hands. After blotting to

nitrocellulose and viewlng under long wave u.v. |Ight It was possible to
discern labelling by fluorescamine, of the two princlpal antigens. There was

some falnt streaking of fluorescence where the higher m.w. protelns migrated.
It could be tentatively concluded that both of the principal FPM antigens
possess sequences disposed toward the lumen of the flagella pocket and there-
fore accessible for labelllng.

By Immune-blotting to nitrocellulose (Fig. 4b) It was possible to detect
components reactive toward ant|-FPM antlbodles. The 60 and 66x10° m.w. compo-
nents were |lberated, to varlous degrees, by all of the treatments, the ace-
tate buffer (lane 1) belng the least effective. Phosphollpase A and sphingo-
myel Inase were especlally effective In releasing the 66x10> m.w. antigen, as
compared to detergent extraction. The effectiveness of sphingomyellnase Is
well Illustrated by Fig. 4d where protein A conjugated HRPO was used to detect
antibody rather than goat antli-rabbit 1gG conjugated HRPO (Flg. 4b). The
Increased sensitivlty resulted In poorer resolution but served to II|lustrate
the efflcacy of sphingomyelin In |lberating the 66x10°> m.w. membrane protein,

By use of concanavalin A conjugated (Fig. 4c) HRPO It was possible to
ldentlfy FPM components contalning carbohydrate. Not only are the two princi-
pal antigens glycoprotein In nature, but most of the other low m.w. protelns
are also highly reactive toward the lectin. A notliceable feature Is the
apparent lack of released lectin positive material after extraction with the
acetate buffer.

This Is evidence of a range of higher m.w. antigens (m.w. % 80~100x10>)
which may be more reactive than indicated by the Immune blots obtalned. Even
wlth overnight transfer of protelns, as used In the present study, the de-
crease efflclency In transfer of high m.w, proteins can stll!| be a problem
(6).

From a comparison of the CIEP and Immuneblotting procedures It can be
seen that both have detected two principal FPM antlgens. The latter technique
Is clearly more sensitive, disciosing certain minor antligens not revealed by
CIEP. Al though not capable of directly reveallng cross-reactivity between
separated antigens, Immune blotting has the advantage of detecting soluble
immune complexes slnce the antigen Is Immoblllized by virtue of Its tight

binding to the nitrocel lulose,

12

I TP T e S T S S R
»\tﬁf’z{&(ﬁ‘k‘i\ﬁ\'Q'&ﬁ"&ﬂ'}x}.,\. WAy




In some earller experiments fraction P, was extracted with 4% SDS elec-
trophoresed using the PAGE-SDS system and blotted to nitfrocellulose. Fig., 5
shows the results obtalned after Incubating such ablot In anti-FPM serum
(1:20 dllutlion) and using Protein A-HRPO to reveal Immune complexes. Those
minor components (below m.w. 50x103) that were present using FPM are more
evident suggesting that they may not be authentic FPM proteins. Both of the
major antigens observed using an FPM extract are present as would be expected.

A comparison was made between FPM antigens and other subcellular frac-
tions--lysosomes (LYS) and surface membrane (SM)--removed from the
1,112/1,87g/cm> and H87/1.252g/cm> Interfaces respectively of a dlscontinuous
sucrose gradlent (see Appendix). Flg. 6a Is a sketch of a blot obtained after
electrophoresis and Immunoblotting, using goat-ant! rabbit 1gG-HRPO an for
Flg. 4b. Lane a Is the profile obtained for SM, two faint bands corresponding
to the 60 and 66x10° dalton glycoproteln antigen are present. By contrast the
LYS fractlion exhlbited a more intense stalning, not unexpected In view of the
Inter-related nature of the flagel la pocket membrane and the adjacent membrane
system, which Includes lysosome |ike elements. In Fig. 6b concanaval In A-HRPO
was used to detect glycoproteln--the absence of a prominent band for the sm
suggests that much of the USA Is released during cell fractionation.

The reactlvity of FPM extracts with anti-FPM antibodles was compared with
a serles of VSA monocltonal antibodies obtalned by Dr. K. Esser (WRAIR}). In
thls Instance a detergent extract, phosphollpase A released materlal and the
Insoluble residue were separated using SDS PAGE (100mM Poh pH 7.2) and trans-
ferred to a DPT paper wlith blockling as described above. The paper blot was
then [ncubated overnight with a monoclonal antibody (1:20 dllution) obtalned

)
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from 2.1B7.1 and any Immune complexes present detected using fluorescein
Isothlocyanate (FITC) labelled protein A. No reaction could be dlscerned cn
viewlng the blot under a high Intensity long wave v.s. source. The blot was
then quickly exposed to 50ml 100mM glyclne-HCI pH 3.0 at 0°C for 2 mlnutes
removed blotted dry and rinsed In Tris buffered sallne. The blot was then
exposed to a second monoclonal antibody (50.20.103B) as above and agaln no
reactlon was observed. After a flnal exposure to the glyclne-Hcl buffer the
blot was Incubated overnight with the anti-FPM serum (1:50 dllutlion) and
Immune complexes visuallzed using proteln A-HRPO (Fig. 7). It Is evident that
FPM antigen did not react with the VSA monoclonal antibodles. It Is worth
reporting at thls point some pertinent studies by Dr. Ruth Geller at WRAIR to |
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whom samples of rabblt anti-FPM serum were sent. They have found that mRNA
from the Wellcome CT~-strain CP3B4 of I. rhodeslense and a serially related
organism V13 when Introduced Into the message dependent reticulocyte lysate
system syntheslze products that can be preclpitated by antlbodies present In
the anti-FPM serum. On SDS-PAGE the precipltated components were found to be
ldentlcal for both organisms, Indlcating that they were not varlant specific.
Recently In this |laboratory we have commenced using a two dimenslonal

:
!
a
;6

separation of FPM antigens using Iso-electric focussing followed by SDS PAGE,
see Fig. 8 for sketch which may in the future be able to discern any subtle
differences between I. rhodes|ense strains.

Possible binding of 1ipld to FPM antigens. As discussed In the paper
attached as an appendix, the presence of covalently bound llpld could explaln
the apparent greater efflcacy of phosphollpase A, as compared to mild deter-
gent treatment, In releasing the 60 x 103 dalton antigen. There Is evidence
for tightly bound hydrophoblc residues, probably not amino acids, on the C-
terminal end of VSA (3).

In effort to dissoclate any proteolipld a Py fraction was extracted In
90% ethanol at 80°C for 15 minutes. The residue was removed by centrifuga-
tion, and the supernate reduced In volume by rotary evaporatlion at 45°C.
Al lquots of the concentrated extract were then spotted onto washed blotted
nlitrocel lulose strips which after blocking were incubated with anti-FPM serum
(1:20 dllutlion). The use of protein A-HRPO revealed no binding of anti-FPM
antibodles.

This negative flndlng does not eliminate there being some tightly bound
Ilpld, but it seems unllkely that proteolipld antigens as found In Schlstosoma
manson| (19) or the glycopeptide conjugated sphingolipld of Irypanosoma cruzi
(20) are present.

Presence of sphingomyelin in EPM

In view of the effectiveness of sphingomyelinase In releasing FPM anti-
gen, It would seem falrly obvious that sphingomyelin should be a constituent
of these membrane. Pooled FPM fractlons, approximately 20mg proteln, were
extracted wlith chloroform/methanol using the Blligh and Dyer method (see 9).
The extract was evaporated under nitrogen using a rotary evaporator and sam-
ples spotted on to sheets of Sillica Gel H (Brinkman). The sheets were then
developed In a solvent system of chloroform/methanol/ammonlia, 65:25:5 and
after drying vlsuallzed uslng sprays of chromic acld or benzldine/Clorox (21),

14
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the latter to detect sphingosine contalning compounds. Shown as Fig. 9 In the
separation of |Iplds obtalned, where the most polar appeared to be l|ysophos-
phallds cholline, a somewhat less polar spot that co-migrated with authentic

sphingomyelln and the most consplcuous co-migrated with lecithin. The finding
of sphingomyelin is therefore compatible with the efflcacy of sphingomyel inase
In releasing antigen.

At present work Is In progress to evaluate a technique we have developed
for purlfying antibody to specific FPM antigens. The procedure Is a modifica-
tion of a receni'y publlished method (17). The first modification Is the
dansylation of FPM protelns (see Methods) which are then separated using one
of the SDS-PAGE systems described In this report with 100mM PO, pH 7.2 as
buffer. Separated materlal can then be visuallzed using u.v. lllumination and
removed In appropriate gel silces. |t |Is advantageous to apply sample to
almost the whole width of the gel (8x14cm gel). The gel slices removed are
then placed onto actlvated strips of DPT paper and electroblotting commenced
for at least 4 hs using a current of 0.27A. The strips of DPT paper are now
blocked, as previously described, and incubated with anti-FPM serum dlluted
1:10. Since we usually ran 4 gels the four DPT strips obtalred per separated
component are Incubated together. Bound antibody Is then eluted using a 100mM
glycine-HCl pH 3.0 buffer at 0°C for 2-3 minutes. The pH Is then Immedlately
adJusted to pH 7.4 and the solutlion of purlifled antibody concentrated by
ultrafiitration. The strips of DPT bound antigen can be used over at l|east 4
times, and can be stored at —20°C If not required Immediately. By three
repeated Incubatlons with antl sera, using strips derived from four gels It
has been possible to purify almost 1.5mg antibody to the 66x10° m.w. antigen.,

We belleve this method will be most useful In the work Involving targeted
| Iposomes that we have proposed. It would In addition be of much Interest to
use this purifled antibody to locallze the 66x10° antigen by Immune-electron
mlcroscopy.

1n sltu cleavage of FPM proteins. Other work currently In progress ls an
evaluation of the Jn sltu N-chlorosuccinimide cleavage of the two major FPM
antigens. It has been possible, using a sllver stalning procedure to ldentify
5-6 components after a 30 min Incubation of gel siices with NCS. Flg. 10
shows a sketch of such a separation, those Is as yet no estimation of the

molecular welght of these fragments avallable. Blot transfers using nitrocel-
lulose and Proteln A conjugated HRPO as probe, have falled to reveal so far
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any binding of FPM antibodles to any of the cleaved products. It is Intended

to use the purlfled antlbody obtalned as described in the previous sectlion,
for further work.

It should be stated that one aspect of thls study that awalts further
Investigation concerns an evaluation of the protective potential of FPM antl-
gens agalnst Infection. In the previous annual report encouraging resuits
were obtalned using fractlons obtalned after Isopycnic centrifugation of a L.
rhodesiense high speed pellet., It had been hoped to perform further experi-
ments durlng Spring of thls year. Unfortunately the death of two rabblits In
the medical school animal faclllity that were being used to ralse antl-FPM sera
forced the use of further FPM preparations for producing antl-sera at the
expense of the vacclination experiments. This compounded a delay caused by
paperwork problems In recelving a shipment of cloned I. rhodesiense !solates
from Dr. K. Esser. The vaccination experiments have now been scheduled for
October of this year.

CONCLUS 1ONS

As well as the Indications of the Importance cf hydrophobic Interaction
between FPM protein and phospholipid (see Appendix for discussion), there Is
now more specific evidence that Implicates binding between the two principal
FPM antigens, more espéclally the 60x10> dalton glycoprotein, and sphingomye-
lin., This Is In part not surprising In view of the importance of sphingomye-
Iln as a8 constituent of Afrlican trypanosomas (7) and I+s presence, as demon-
strated In this Investigation In FPM. It should be noted that whilst phospho-
| Ipase C and sphingomyellnase both cleave from thelr substrates, Baclllus
cereus phospholipase, as used i1n this Investigation, w!ll not split sphingo-
myelin. Thls could explaln the latter enzyme's reduced effectiveness In
|iberating FPM antigens. The relevance of these findings to those of others
regarding, for Instance, the peptidoglycophosphosphlingolipid complex In I.
cruzl and, of more Iimmediate Interest, the hydrophoblc attachment of VSA to
the surface membrane of I. brucel, must await further Investigation (3,20).

Our own findings of a lack of reactlion between FPM antigens and monoc|on-
al sera to USA were to be expected. They assume more slgnificance when
reviewed In the context of the clear evidence, presented by Dr. Geller, of
Identical components present In two CT Wellcome Isolates that react with FPM
antibodles. There Is now a clear Impetus to further elucidate the structural
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features of FPM antibodies. |t Is hoped in conjunctlion with Dr. Olenick
(WRAIR) to precisely locallze the site of subcellular attachment of the antl-
gens using Immune-electron microscopy. For thls purpose the speclflc antibody
to the 66x10> dalton antigen should be most useful.

Ever since the Initlal description of the surface coat of African trypan-
osomas (23), 1t has been assumed to cover the flayella pocket membrane. Hov-
ever thls Is a membrane which from the few studles avallable (10,18) appears
quite speclallzed and actively Involved at least In the plnocytotic uptake of
protein. [t would not therefore be surprising of the composition of the FPM
was differant from the more flxed surface membrane.
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FIGURE LEGENDS

Flg. 1. Immunoelectrophoresis of TNB labelled I. rhodeslense fractlons
obtalned after Isopycnic centrifugation of a HSP.
(a) Fused rocket Immunoelectrophoresls of gradlent fractions against
anti-DNP mouse antibodles.
(b) Crossed Immunoelectrophoresis of pooled fractions 3-6 from (a) using
the same antI-DNP antlbodles.

Flg. 2. Release of antigens from an FPM fraction after detergent,
phosphol Ipase or sphingomyellnase treatment.
(a) 0.12% Zwittergent 3-12/0.4% Triton X-100 (detergent) extract of FPM
(b) Detergent extract of P, fraction
(c) Components released after Incubation of FPM wlth porcline pancreas
phosphol i pase A,
(d) As for ¢ but using Py fraction
(e) Sphingomyellnase (umbl?lcal cord) released components from FPM
() As for e but using Py fraction
(g) Overnight incubatlon of FPM fractlion In the presence of detergent
(h) Components released after exposure to cobra venom phospholipase A,
(Calbiochem-Hoechst) .
For all experiments ant!-FPM rabbit serum was used as a source of antl-
bodles.

Flg. 3. SDS-Polyacrylamlde ge! electrophoresis of FPM protelns.
(a) mM Trlis Borate, pH 8.3 :
(b) mM Tris-= mM glycine, pH 8.5, both using 7§ acrylamide, 1:30
cross-|Inked.

Fig. 4. Electrophoretic separation of FPM protelns and subsequent immune
blotting to nitrocellulose.

(a) SDS~PAGE using the dlscontinuous buffer system (see Methods) and a 7%
gel 1:30 cross-linked Gel stalned with HgCl,/Coomassie Bril|iant Blue.

(b) Immune blot obtalned using gel as In (a) Incubated with anti-FPM
cerum and goat-ant! rabblt 1gG-HRPO as probe.

(c) Immune blot to nitrocellulose with proteln A-HRPO as probe.

(d) Nitrocellulose btot of gel as in (a) using concanavalln A-HRPO as
probe. For (a) (b) (d) lane 1 = 50 mM acetate extract, 2 = detergent extract
(as for Flg. 2a), 3 = sphingomyellnase |liberated antigens, 4 = phosphollpase
A2 released components. For (c) treattments were 1 = phosphol lpase Ap; 2 =
detergent; 3 = sphingomyellnase; 4 = acetate buffer.

Fig. 5. Immune blotting of electrophoresed samples of fraction P, obtained
from I. rhodeslense.

(a) Residue remaining after phosphoi Ipase treatment of fraction P, was
solubllized using 4% SDS and submltted to PAGE-SDS as for 4a. Separated
components were electroblotted to nitrocel lulose, Incubated with anti-FPM sera
(1:20) dllutlon) and protein A-HRPO used as a probe.

(b) P, materlal released after phosphol lpase treatment.

(c) Detergent soluble materlal released from fraction Py.

Fig. 6. Comparlison of antigens present In FPM, lysosome (LYS) and surface
membrane (SM) fractlons obtalned from I. rhodesiense.

A - components reactive toward anti-FPM antibodies

B - concanavalln A reactive components using goat anti-rabbit [1gG-HRPO
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and concanaval in A-HRPO respectively. Lane a = FPM; |ane b = LYS;
lane ¢ = SM.

Fig. 7. Immunoblotting of electrophoresed FPM samples to dlazophernylithlic~
ether (DPT) paper.

Blot was sequentlially exposed to monoclonal antibodlies 2.1B7.1 and
50.20.103B using proteln A-FITC as a probe (see text). No antibody binding
was detected to any of the components, blot was then Incubated wlith antl-FPM
serurm (1:50) dilution) and proteln A-HRPO used as a probe. Lane 1 = SDS
soluble residue after exposure of FPM to phosphol ipase A; 2 = detergent
extract of FPM; 3 = phosphol Ipase A released antigens from FPM.

Fig. 8. Two dimensional separation of FPM antigens using Iso-electric
focussing and SDS-PAGE.

Sae Methods for detalls.

(A) Coomassle Brililant Blue/HgCl, stalning

(B) Blot transfer to nitrocellulose, Incubated wlth anti-FPM serum with
antlgen-antibody complexes detected with proteln A-HRPO.

Fig. 9. Thin layer chromatograph of a chlorcform/methanol extract of pooled
FPM fractions.

Methods described In the text; plate sprayed with the chromic acld spray.
Spot b also gave a faint but poslitive reaction with Clorox-benzldine spray for
sphingosine, on a separate plate.

Fig. 10. Separation of cleavage products obtalned after treatment of the FPM
60 x 10° m.w. antigen with N-chlorosuccinimide (NCS).

A dansylated sample of FPM was subjected to disc gel electrophoresis and
the appropriate gel slice removed, and after NCS cleavage, electrophoresed
Into a 12.5§ polyacrylamide gel containing 0.1% SDS. Separated antigen frag-
ments detected using sllver stalning (15).
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SUMMARY
A putative Trypanosoma rhodesiense flagella pocket membrane

fraction (FPM) was previou-ly found to possess a range of antige-
nic components that were released after exposure to a detergent
mixture containing 0.1% Zwittergent 3-12/0.4% Triton X-100. In
the present investigation an effort was made to determine the
role of membrane lipid in binding FPM antigens, using phospholi-
pases A, and C as membrane probes. Exposure to the former was
notable for the release of one antigen in particular that was
only poorly extracted using the above detergents. Evidence was
obtained suggesting that this release was not due to the deter-
gent action.of degradation products formed by the action of
phospholipase A, on membrane phospholipids. This phospholipase
released antigen, as were most other FPM antigens, was a glyro-
protein though the carbohydrate sequences do not appear to in-
fluence antigeniéity. It was also possible to demonstrate the
presence of a group of three cross reacting FPM antigens that
partitioned as hydrophobic membrane proteins using Triton X-114
extraction. This was in contrast to the predominantly hydrophil-

ic nature of most other FPM antigens.
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The principal antigen described for bloodstream forms of

African trypanosomes is a surface glycoprotein nbtable for under-
going repeated changes in antigenic specificity as a resuit of
alterations in the amino acid sequence of the externally exposed
N-terminal portion. Details of the structure and genomic control
of antigen expression have been comprehensively reviewed (6,9).

In a previous investigation of Trypanosoma rhodesiense (15)
it was established that, as well as a high equilibrium density
surface membrane fraction, a much lower density membrane frac-
tion, predominantly of flagella pocket membrane (FPM) origin,
also possessed a range of antigenic components., Although the
surface coat was originally described associated with the flagel-
la pocket membrane (26) there was no evidence of any extensive
cross reaction between surface and flagella pocket membrane anti-
gens (15). Also reported in this latter stuady was the erficacy
of various extraction procedures in removing antigens: the com-
bination of Zwittergent 3-12 and Triton X-100 was found to give
optimum results. This indicated a potential role for lipid-
protein interactions in stabilizing the association of antigens
to FPM.

The relative importance of lipid in the membrane association
of other protozoan antigens is uncertain, though prominent sur-
face antigens have been described for Leishmania (8), Trypanosoma
cruzi (1) and for both the sporozoite (19) and merozoite stages
(11) of the malaria parasite. 1In T, brucei, VSA is apparently
synthesized with a C-terminal hydrophobic amino acid tail which

is absent from VSA extracted or released from the parasite (4).




FIviN I AKX &A

Most recently evidence has been obtained that VSA is present in

8itu as an amphiphilic integral membrane protein (7) though the

S -,

hydrophobic determinants involved are not believed synonomous

with the above hydrophobic amino acid tail segment.

The present study has compared the release of T. rhodegsiense
FPM antigens using procedures aimed specifically at disrupting
phospholipid-protein interactions and identifying hydrophobic
membrane antigens, This has revealed in particular the probable
involvement of phospholipid in binding a limited number of FPM

antigens with tentative indirect evidence for one antigen posses-

sing very tightly bound lipid.
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. METHODS | -
3 The Wellcome CT strain of T. rhodesiense was isolated from
infected rat blood and the cells washed and fluorescamine label-
led as described previously (15). In some instances trypanosomes
were surface labelled using the fluorescamine-g cyclodextrin
complex (12) as follows., A 15 mg amount of fluorescamine (Flur-
am, Roche Diagnostics) was used to prepare the above complex (12)
and dissolved at 40°C in 75 m1 100 mM glucose 150 mM PO, pH 8.0,
then equilibrated to 30°. At this time 5.0 ml of loosely packed
trypanosomes were added, then after 10 min, 75 ml PO4-glucose
buffer added and the trypanosomes sedimented at 3,000 r.p.m.
(Sorvall SS-34 rotor) for 10 minutes and twice washed.

Isolation of Flagella Pocket Membrane. The washed trypano-

somes were disrupted by grinding with glass beads and two parti-

cle fractions, P, and P, respectively, sedimenting at 7720 g (10

min,), and 48,200 g (60 min.) obtained (see reference 15). Frac-
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tion P, was resuspended in no more than 3.0 ml buffered sucrose
(250 mM sucrose, 1.5 mM EDTA; 1 mM KC1l, 5.0 mM HEPES pH 7.5) and
layered over a discontinuous sucrose gradient of the same pH and
K*/EDTA concentrations as above. The gradient consisted of su-
crose solutions of the following densities: 1.252 g/cm3 (6.0 ml,
54%); 1.187 g/cm3 (8.0 ml, 42%); 1.112 g/cm3 (10.0 ml, 35%) and
1.094 g/cm3 (8,0 ml, 23%), the figures in parentheses are the
volumes used and w/w percent composition respectively. These
solutions were chosen based upon the median equilibrium densities

of flagella pocket membrane (1.118) lysosome (1.175) and surface
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membrane (1.22) as previously determined (15).

The gradient was centrifuged for 75 min., at 18,000 rpm
(33,000 g) using a Sorvall Sv288 vertical rotor, after which the
material banding at each density interface was withdrawn by tube
puncture. The 1.112/1.094 interface material was diluted to 30
ml with 250 mM buffered sucrose and after centrifuga