
AD-ft62 664 NOLECULOR AND BIOLOGICAL PROPERTIES OF AN
INNUNOPOTENTIATING COMPLEX POLY.. (U) CALIFORNIA UNIV

I BERKELEY DEPT OF MICROBIOLOGY AND IMMUNOLOGY..

UNCLASSIFIED R INISELL ET AL. 3 DEC 85 F/0 6/15 NL

I .m....EEEEEE
'NONlElf



Nor-.

L~

MICROCOPY RESOLUTION TEST CHART
h&ToUroAL WAEAu or STA.SOAOS -. 963 -A

6w



AD-A~ 162 66CUMENTATION PAGE

)a. EPOT SCURIY 1LA;i~oisum,-lb RESTRICTIVE MARKINGS
U NA

2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION /AVAILABILITY OF REPORT
NA Dsrbto niie

Zb. ~ ,W DLSIIAIN DOWNGRADING SCHEDULE Dsrbto niie

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)
NA NA

60. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7& NAME OF MONITORING ORGANIZATION

University of California NAOffice of Naval Research

6C. ADDRESS (01ty, Stat, and ZIP Codf) 7b ADDRESS (City, State, and ZIP Code) _

Department of Microbiology and Immunology 800 N. Quincy St.
Berkeley, CA 94720 Arlington, VA 22217-5000DC26 85

8. NAME OF FUNDING/ISPONSORING 8 b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFIC NUER
ORGANIZATION O (f Sappicable)

Office of Naval Research j ONR NOOO 14-84-K0626A
Bc. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS

800 N. Quincy St. PROGRAM PROJECT ITASK IWORK UNIT
Arlngon V 221-500ELEMENT NO. NO. INO IACCESSION NO
Arlngon V 221-50061153N RR04016 666-034--

11 TITLE (Include Security Clasification)
Mlecular and Biological Properties of an Immunopotentiating Complex Polysaccharide
Adjuvant Produced by a Gliding Bacterium.

1? PERSONAL AUTHOR(S)
13 YEMishell, Robert I. and Usinger, William R.
13 YEOF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) S PAGE COUNT

Annual FROM MI"4 TOU1 5 1 12/13/85 8
16 SUPPLEMENTARY NOTATION

17 COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Adjuvant, Cytophaga, immunoenhancing, monoclonal antibodies,

08 epitopes, mitogenicity, polyclonal activation, ELISA,
Interleukin 1

11 ABSTRACT (Continue on reverse of necessary and identify by block number)
iding bacteria adjuvant (GSA) is composed of macrcmolecular substne secreted or

shud into the growith msdia of a newly described Qrohg species (V W had estab--
lished prior to the onset of this contract that GBA strongly augments the in vitro
generation of htuoral imunity by mouse spleen cells and that it is mitogenk~ for
murine spleen cells. Since GBA is very water soluble, its absorbance at 280 "un is low,
and its biological activities are stable to boiling, we hypothesized that GBA was a
polysaccharide or a complex of polysaccharides.

C~i prncia~Ojecivs drin .t fis~year of this contract (July 1, 1984 - June
% 30, 1985F 're to develop methods for large scale production anid purification of GBA,

to initiate studies of its physical and chem~ical properties, to prepare a panel of
monoclonal antibodies against GBA for future studies defining its biologically signifi-
cant epitopes and to extend studies of its biological activities. Large scale production>

20 DISTRIBUTION / AVAILABILITY OF ABSTRACT 121 ABSTRACT SECURITY CLASSIFICATION
IMUNCLASSIFIEDIUNLIMITED 0 SAME AS RPT ElDTIC USERS IU

22a NAME OF RESPONSIBLE iNDIVIDUAL 22b TELEPHONE (include Area Code) 22c O;-CE SYMBOL
Dr. J. A. Majde (202) 696-4055 ONE

OD FORM 1473,84 MAR 83 APR edition may be used until exnausted SECURITY CLASS'FiCA~iO% Of TwS PAGE

V 6. 2 , . a



ock 19, continued:

puificationhave been essentially achieved using protocols described in this
report Residual contmination with protein ranges from 0.1 - 1% and LPS contamination
is lessthan 0.01%. Its principle physical and chemical properties are that it is
stable treatment with strong base (1.5 M Nw), chaotrtpic agents (KsatI and (kHId)
and dote t. timats of its size range fra 106 - 10' daltons on the basis of gel

peumati chromatography and direct measurent by electron microscopy. The tiectron N;'N

microg reveal GM to exist as spherical particles ranging frau 200 -1200 A in
di t. Elmental analysis is consistent with GBA being a polysaccharide; furthermore
the ition of C, H, and N suggests that each mnosaccharide may contain nitrogen.
Defini ive structural analysis will require extensive study. The approaches we plan to
anl are described in the report. we anticipate that monoclonal antibodies may be

ly employed in conjunction with these studies. In the past year we prepared a
I number of individual hybridomas that produce (Ba-reactive monoclonal antibodies.
we coducting competitive binding experiments and independent enzyme-linked immuno-

ys to provide an estimate of the minimum number of unique epitopes of GBA. Anti-
ies that are specific for different epitopes will later be meployed to analyze GA

f ts and polysaccharides fram related Qa species. The monoclonal antibodies
halso been used to quantitate GB bya sandwich ELISA procedure as described in the

Our ~ledge of the biological activities of GB for mammalian cells was extended this
Titration curves with the most highly purified preparations of GB were performed

with assays measuring in vitro adjuvanticity, mitogenicity, B cell polyclonal activation '
and induction of the nurine macrophage cell line, WEHI 265, to secrete IL-l Nanogram
quantities of GM were inductive for most of the assays. Dose response curs for the
four assays differ in several respects; the significance of these observations, if any,
has not been established. We also found that (BA Induced human peripheral Iood mono-
cytes to secrete IL-1, showing that this species is responsive to GBA. zliminary
evidence suggests that both B cells and macrophages are direct ta of GMA. GA
induces WEHI 265, a rurine macrophage cell line and WEHI 231-,i-aiiurine pre-B cell line.
Other preliminary experiments support t -h eipothesis that GB directly acts on normal B

Finally, this year we initiated tudies on the mechanism of action of Usng.

biotinylated antibodies, we indirect binding of GA to WEHI 2 65 ce and to a
fraction of splenic lymphocytes. le plan in the next year to devise direct labelling
techniques so that experiments employing direct binding and competition with nonlabelled
reagents'\can be performed.
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Report, NR Contract N000 14-84-K0626 DEC 2 6 IM5

Molecular and Biological Properties of an I tentiatinm x I
Polyscharide djuvant Produced by a Gliding Bacterium -

The principal objective during the first year of the contract was to devise and
utilize appropriate protocols for producing and purifying quantities of GBA that
would be sufficient for our own projected studies and for those of our collaborators
in and outside of the Naval Mumlogical Defense Program. Difficulties in large-
scale production of GM were effectively solved by the use of fermentors for
growth and hollow-fiber devices for concentration. We had identified three major
containants in our crude starting material: A yellow pigment, presumably flexirubin;
lipopolysccharide and protein. Our most recent protocol (Figure 1) results in
substantial purification (Table 1). Flexirubin was removed by repeated precipitation
in acetone to undetectable levels, as determined visually and by absorbance at
455 mu. Protein, as detected by the Bradford method, was reduced from an estimated
5% to 0.5% chiefly by the use of proteolytic enzymes and gel filtration in NP40.

e intend to try to reduce this further by employing several solid phase proteolytic
enzymes and stronger detergents. Lipopolysaccharide contamination as measured by
the Limulus gelation assay was reduced 10-50 fold from 0.5 to 0.01% by polymyxin
B adsorption. The most highly purified product available contains approximately
1% total contaminants. Several important points have arisen about purification:
although the yields are high (10-20% overall), we have observed approximately a
50-100 fold increase in its specific activity. These data are not easily explained
simply by the loss of neutral substances. They are more likely due to the loss
of an inhibitor or to the loss of material that renders GBA less potent, perhaps
by altering its physical properties. Table 1 summarizes the physical and chemical
characteristics of crude and purified GM that we have examined. A problem with ...
which we have yet to deal is the possible heterogeneity of the substances that
form GB. These may be substances quite distinct from GA but associated with it
through covalent or noncovalent bonds. Cell wall polysaccharides of many microbes
have been difficult to purify because of such associations. Additionally, GA
may contain truncated polysaccharide chains as a result of incomplete synthesis
or post-synthetic degradation. The approximate 10 fold differences observed in
the diameter of the spheres observed in EM may reflect compositional heterogeneity.
The question of physical and chemical heterogeniety is being addressed in several
ways. Isoelectric focussing may reveal charge heterogeneity of the GA particles.
Izmwnoelectron microscopy may show whether the immunological determinants are
found on all particles or only those of certain sizes. If these techniques indicate
that differences in size are associated with other qualities we will isolate them
by differential sedimentation so that more detailed studies can be performed.
Efforts to identify the chemical components of GBA are essential to developing
more sophisticated approaches to purification and for determining which components
are required for biological activity. To achieve better chemical analysis, GBA
is being analyzed by infrared spectroscopy at 120K in an effort to quantitate the
presence of secondary and tertiary amines and the degree of hydration. Methanol-HCl
hydrolysates of GA have been prepared and are being analyzed by gas-liquid
chromatography. Suitable samples will subsequently be analyzed by GC-mass spectro-.
scopy. In addition to chemical hydrolysis, we are investigating the ability of
ultrasonication to reduce the size of GBA, which will be detected by increase in
the measurable reducing sugars. We are also utilizing GA as a sole carbon
source to identify bacteria with enzymes capable of hydrolyzing GMA. Such hydro-
lytic enzymes will be used to generate smaller fragments, more suitable for
chemical and inmunochemical analysis. Fragments generated from either approach
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will be analyzed for biological and immunilogical activity and their capacity to
specifically inhibit such reactions.

Monoclonal antibodies: Wb have increased our panel of individual hybridomas that
secrete monoclonal antibodies against GBA from 14 to 75 during the past year.
Th. main purpose for constructing this library is to define epitopes on GBA.
Methods for altering GM reproducibly will be valuable in pursuing this analysis.
One approach to estimating the number of distinct immunological determinants
present on GA is based on the pattern of monoclonal reactivity to native and
treated GM. Analysis of a reaction matrix of antibodies with crude native and
chemically altered GBA, as shown in Table 2, indicates that 14 independently-~~~derived anti-GBA monoiclonal antibodies form 8 distinct reaction patterns. These "- i-
data suggest that crude GBA contains a minimum of 8 epitopes. This method is a ul
simple and powerful approach to epitope mapping. It may also expedite identifying
monoclonal antibodies specific for biologically-relevant determinants, since such
antibodies will likely be among those whose binding is diminished when the particular
treatment also abolishes biological activity. Epitope analysis will also be
facilitated by reaction of the Icxoclonal panel with secreted polysaccharides of
closely related p species and by physical chemical approaches that disrupt
the GBM omplexes. We have employed monoclones to quantitate GM by a sandwich
ELISA approach (Figure 2). We have also employed monoclonals to perform indirect
studies to detect binding of GA to target cells. In the latter studies, GA is
allowed to react with test target cells, biotinylated anti-GA monoclonal antibodies
are then reacted with the cell-GBA complex, followed by avidin FITC, a fluorescent
marker. Using this technique 100% of WEHI 265 cells, a rourine macrophage cell
line that is induced by GBA, were fluorescent. A smaller percentage of spleen
cells become fluorescent under similar conditions. Since many cells are lost in
washing and because these reagents are not suitable for competitive binding
studies, we are in the process of developing a direct binding method using labelled
GM for identification of specifically reactive cells.

Biological studies: Our major achievements during the past year were to demonstrate
that GBA induces iroine splenic B cell polyclonal activation, that GBA stimulates
human peripheral blood monocytes and the murine macrophage cell line WEHI 265 to
secrete IL-1, and that GBA protects a human pre-B cell line WEII 231 from the
suppressive effects of anti-mu. Using the most highly purified GA, we performed
dose response curves with four bioassays (Figure 3). These data show that each
of these biological activities except polyclonal activation respond to nanogram
quantities of GBA. The dose response curves are dissimilar which may reflect
the complexity of the assays and the potential for GM to induce multiple reactions.

Several preliminary experiments support the hypothesis that B cells are directly
activated by GM. The suppressive effects of anti--u on the pre-B cell line,
WE 231, can be blocked with microgram quantities of LPS. We obtained similar
results with nanogram quantities of GBA. B cells from mice treated in vivo with
anti-Thy and complement have been cultured in 10 ul droplets; with te addition
of GA, they were induced to proliferate and secrete Ig. Experiments performed
in collaboration with Dr. Jimmy Mond indicate that low density cultures of highly
purified B cells from Ly b5-deficient CBA/N mice (normally refractory to polysac-
charides) are stimulated to proliferate by GBA. '

Studies with WEHI 265, a rurine macrophage cell line, show that macrophages also
directly respond to GBA. The studies further suggest that these two lines, WEHI
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231 a 2s can~ be wun~l empoyed to identify and isolate reetr with
)~1W GM. We plan to pumae purification of the cell surface omp~onents that
spscificelly bind Ga ad to determine if the sa recognition structure. are
presenit an q;cr1hn 11 ad D cells.

One of aw major goals Is to study adjuvant effects of G~h in vivo. In a preliminary
1qeln 1cia of our o~lloratcrs foud that GOA caused aii1Ticant boost of

the In vv kuuwcal reeponme to sep red cells in mice. We are row studying the
parintstru for detecting adjuvanticity of GOA for mice imuinized with protein

-ntigens

Deference:

Usinger# W. L. G. C. Clark# R. Gottschalk, S. Holt, and R. 1. Nishell. 1985.
Oaaacerstcsof Bacterium CO-2, a Prevmetive 2Eb~ Species with Novel
1umulaccyProperties. Current KicrcbiologjF 2:203-208.



Figure 1

Protocol for the Production and Prwif ication of GBA

Cyq~g grown to late log phase

Dacteria removed by centrifugation

Ooncentration of superniatant by ultrafiltration (Hollow Fiber)

Precipitation with acetone (several cycles)

Dialysis

Lt~ase/NMase treatment

Pepsin digestion

Doll in NP-40

Gel filtration (S-300)

Exhaustive dialysis against H2 0

Polymyxin B adsorption
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pbysIcal and Omical Properties of GBA

_ _ _ _ _ _ Pure

Protein Medaford) 31%<0.5%

TIW-- standard) *1

wAiclic acid Substantial A260  A260 a 0

Eadotoiin (Liawlus) 0.5-1% 0.01-0.05%

A3a~en >3.0 <05 005

sie3 dispapate, gize glasses: Rninvoidvouef

(Mr tl10

Electron mirscp interconnected globular Spherical particles:

particles 2 x 106 - 4 x 107 daltons

Sedimentation Biologically active particles Same
pellet at 100,000 xg in 1 hr

Elemental analysis Not tested C 47.08; H 7.11; N 5.83
0 39.99

I Amines Not tested <0.02%
(I uceinrm)

ChreNot tested Positively charged at pH 8.6
and migrates in a single bn
as determined by IEP

Treatment of GOA Biological Activity

Boiling Stable Stable

pH 13 Unstable Stable

NP40 Unstable Stable

mixed glycosidase Stable Stable

Comparison of physical and chunical properties of crude andl purified GBA.

Corrected for light scatter
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, Table 2

REACTIVITY OF MONOCLONAL ANTIBODIES TO

CHEIT CALLY-ALTERED GBA

ALTERS BIO-ACTIVITY No ALTERATION OF BIO-ACTIVITY

PH 8URFA 8&M GuHCL PE ILX Acimoi AFFINiTY-PURE

MONOCLONAL AD

1 62A 4, 0 0 0 0 0

2 M 0 0 0 0 0
3 0 0 0 0

4 G1 i 0 0 0 0 0
5 A 0 0 0 0 0
6 M 0 0 0 0 0S7 M 0 0 0 0 0 o0:!i:..-.

S8 M 0 0 0 0 0 0 '-::-aA
1 10 0 0

11 0 0

12 4, 0 . o.:13 0 ".

14 G1 4 ,L , ,

TOTALS: 8213 3128 3119 59 2219 2 12
44,1. ,p 4.41 ' "oO " 0

t / t INDICATE REDUCTION/ENHANCEMENT OF ELISA TITER EXCEEDING 99%

- INDICATE A SIGNIFICANT ALTERATION OF TITER, BUT LESS THAN 99%

0 No SIGINIFICANT DIFFERENCE IN AB TITER BETWEEN NATIVE & TREATED GBA



Figure 3a

Mitogenicity
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Figure 3a: House spleen cells were cultured
in various quantities of GBA, after 48 hr
the cultures were pulsed with 3H-Tdr and
after an additional 18 hr were harvested

and counted. Results are counts per minute.



Figure 3b

Polyclonal Activation
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Figure 3b: Mouse spleen cells were cultured ].2.-

invarious quantities of ( A for four days. .,.,j
The supernatants were then assayed for nouse

IIg using an ELISA assay. "---
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Figure 3c

In Vitro Adjuvanticity
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Figure 3c: Mouse spleen cells were culturec
for five days in 1 ml of medium supplementedcI with 5% fetal bovine sera (selected lots)
and anounts of GBA indicated. Results are
plaque forming cells (PFC) per culture.
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Figure 3d

Induction of IL-1

ug/mi GBA

Fiur 3d: HI 265 cells, a nwrine macrophage
cell1 line~, were cultured for 3 days in various
quantities of GBA. The culture supernatants
wre tested for IL-i in the thymocyte camitogen
assay. Results are CPM.- -
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