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New Method for Purifving Coxiella burnetii
by Dextran Sulfate Precipitaiion Followed
by Centrifugation
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. v WL ok, L New et bl for purifying Cosielli b nelii hy destran sulfate
“ o precipitation followed by centrifigation.  Appl. Microbiol. 13281 102, 1065, This-

© papeer deserilies o siniple me heal for-purilfying Cosiclln burnelii cultivatedd in the chick

»

B
,

embirso, “The provedure is bused ugwn Ve preliminary elarifiention of infeeted whole.
ey sispeisions by precipitating the low-density lipeproateins mned other extraneons
sulisls with destran sulfate, ealeinm ehloride, aid sodinm ehiloride solations, and then
R - :

© poncentrating the rickettsine by eentrifugation, »

NMethods wr puriiying amd concentrating the
rivkettsine,  aml. more spwerifieally, . Corielin

“ buewelii, have heen diserilual, A limited number

of W metheds are citedd 10 illusteate the di-

Coversity of provedures cmployeils ase of ether

Crmiggie, 20030, wse of Celite (Shepant and Top-
ping, 1172, dilferential centrifugation (Bovarnick

~qumed Suyeder, 1040), use of hentonite (Polozov um!
* Yakovkev, 19961), densityzgrelient stedies (Ribi

sl Hoyer, 100), differential eentrifugation from
1 v KRCL jollowsd by dimethylsulfoxide aml
dimethylawetamide (Onnshee, Bell, and Lack-
man, 1962),

- Mithough there are many proeesdares for purify-

ing €7, burnelit from the tissue of the ehick
embryo, mwethids for efliciently sepurating the
organism irom the lipoprotein components il
at the same time maintaining  viahility are

Timitesl. The extraction of lipids with ethyl ether

(Oreshee, 1962 or other nonaguecus organie
solvents  viehls purifiml ez suspensions and
resliwenel  rivkenisial - viahility,  Sakagnmi  and
Zilversmit (1962) demonstrterd the feasibility of
destran: suliate-caleium chloride-sndium chloride
solutions 10 separate high- awd Jow-density
lipoproteins from dog serum when eentrifuged
2t 4000 3 g for 10 min. They designated the
~upernatant fmetion as dextrag: sulfate-soluble
lipoprotein of high density (1063 1o 1.210), am!
the previpitate as destran sulfete-precipitable
lipeprotein of low density (LGS or les<),

Thee stereseful isolation of lipoproteins in dog
serum by destran sulfate suggestd the adapta-
vion of this teehmigue 1o the purifieation of €,

burnetst from the chick-embeyo substrte, This
rommuniention deserilus the simple  procedure
developud for purifving €. burnetii, with partien-
lar emphasis given 1o the relationship between
rickettsinl vinbility ane lipoprotein purifiention.

MaTentats axn MeTions

Nicketizinl strain and warking stock. The AD
wemin of . buenetii was employed. The working
stock was propared hy harvesting the entire egge
contents, minus shell, from embeyos dying on the
acventh, cighth, nnd ninth day postinecnintion
with °. buenetii, The harvest wak appended in
one-third its volunwe of distilled water, homoge-
nized i v Waringe Blendor for 2 min, and conti-
fuged in o Shnrplea’ centrifige Gnborntory nulel)
operated at 0000 rev/min with a flow mte of 500
mi per min. The re-ulting supernztant. fluid pro-
vidled the stork suspension that was frozen nned
stoiresl in o ey lee ehent (=70 ().

Ay procedare, Totul nitrogen deferminations
were made  (Clark, 1943), by the semi miern-

Kieldahl method. Fat determinations were made

by the ehloroform extraction methods as deseribed

iy the Associntion of Officinl Agrienltural Chiem.

o

it (1MH). Totul dey solide were determined with

u Cenen muisture Iolnner (Contral Seientifie Co,,

Chiengo, TIL). o :
Ricketisinl infectivity was eatimated by innen-

Inting gainen pigs (250 to 400 @) intraperitoneally

with 1-m} dosea of serial, 10-fold dilutions. made

in Heart Infuxion Broth (Difen), Daily reetal
temperntires were obtained for ench pig for 15
days nfter inoenlation. At 21 days postineculntion,
eneh gninen pig was blied by eardine puncture; the
Dlnnd wan processed for serum. which was subse-
aquently inactivated ot 56.C for 30 min. Each
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0wl whole-cgy sluivy
2 parts slarry, 1 part distilled water
Homegenize in Waring Blendor
Centrifupe in Sharples centrifuge
. sliseard 30 nd of sedinwet
W il working stock
T eneh A0 ml stoek bl
2 ml of L7, NaCl solution
M mlof 119, CaCly solution
SO ml of 3, sodinm dextran sulfate soln-
. tion
A0 b total migture
Agitate, store ut 4 C for 15 min
Coentrifuge in Servall SS.4, (200 rev;min,
- 10 mim) :
—=== - sdliveard 191 ml of sediment (precipitated
X4l cupernitant fuid
: Centrifuge in Servall SN0 S00 rpm, €0
. min)
1 xediment vresuspended 1o otiginal tor de.
sired) voluawe '
o oilinennd B32.8 ml of supernatant fluid

Fii. 1. Process flow of dextran snlfate precipitn-
tion of whole-vgg slureny. NaC'l aolution wax from
General Chemieal Division, Allied (Chemival and
Dy Corp., New York, N.¥.; Cal'ly solulion wax
Jrom Pharmacin  Laboratoriea, Ine., Rochester,

“Minn.: sodinm destran salfale solution wan from

J.T. Buker Chemival Co., Phillipshurg, N of .

irnctivated serum was tested for the presenes or
absence of speeitic Q fever antibodies by the
stamlard complement -fixation 1est. The eriterin
of infeetion were: (1) elevation of temperature of
N C or greater for at least 2 conseemtive days,
ol 11D the presence of enmplement -lixing anti-
Iuwdy to €. burnetii (in serum taken from inoen-
Iates) animalo). Data on infected pigs (any serum
exhibitimg a 44 reaction at 4 dilation) foer each
inoculating dilution were totaled, amd an end
point was enlenlnted by the methed of Reed amd
Muench (39%). Infeetivity data are expressed as
oy guinen pig intraperitonenl infections doses
per milliliter.

Purification procedure. Enek test day, 400 ml
of frozen, working stock were thawed and 24 ml
of 137, NaCl plus 21 ml of 1175, CaClz were added
1o the stock and light ly agitated by hand, followed
by the addition of 80 ml of 5 sodium dextran
sulfate solwtion. A NHoeenlent  preeipitate was
separated by eentrifugation (Servall SS.4; lvan
Sorvall, Ine., Norwalk, Conn.) nt 2,500 rev/min
Yor 10 min 755 X ). The supernntant fraction,
designated o dexstran-minble lipoprotein, was
deeanted and stored ot 3 C. The precipitate,
designated ax dextron sulfate-precipitable lipo.
protein way disenrded.

Foo further purify il coneentrafe the rickett -
sine, the superimtant tnid was centrifuged in n
refrigernted Servall eentrifuge (SS-0) ot X000
sevmin for 1 he (7700 X ). The riekettsinl-rich
crslignenl wis recoverm] nnd resaspend il in dis.

Aren, Mickonio..

titlal water to the uriuilml‘/\’ulllllw of stoek as
shown in Fig. 1.

Miceancopie eeaminntion, Specinwns for micero-
seopie examination were preparved by resuspending
the linal sediment in distilled water as o 1220
ditution. Smears were stained by the method of
Macehiavelle (318379) and examinea under the wil.
immersion shjeetive of o light mieroscope (Buuseh
& Lomb medel LM, Eleetron mieragraphs
of the suspension were suvde by use of an RCA
masdel EMU-2 instrument. The grids were shiad-
owed with uranium, ol pictures were made at an
amgele of 30° wond o maggnitiention of 200,000 times,

REsvnrs

Nix representative experiments demonstrating
the purification of C. buriietii ave shown'in Table
1. For comparison of the degree of purifieation,
data vrom analyses of dry solids, protein nitrogen,
and fat were obtained from the initial suspension
(working stoek), partinliy purified supernatant
fluid, and the reconstituted sediment. The initial
suspension: contained approximately 179, total
dry solids, 13,406 mg of nitvogen, and 71,63 mg of
fat per mb. The partially puritied suspension
contained 4407, (otal dry solids, 6.605 myg of
nitrogen, and 1L.OB mg of 1otal far per mb, The
final purificd suspension eontained 0.055; total
dry solids, 0.42 myg of nitrogen, and 0.22 mg of fat
per ml. The partinlly purifisd suspension, when
compared with the initial suspension, contained
78057, Jess dry solids, 500997 less total nitrogen,
and 98817 less fut; morcover, the final suspen-
sion showed a reduetion of 90737 total ey
solids, 99.607; 1otal nitrogen, and 998477 fatrs,
The finnl sediment, before resuspension with
diluent, constituted approximately 0.3, of the
volume of the original suspension or working
stork,

Mieroseopie examination of smears made from
the purified suspension and stained by the
method of Maeehiavello (1937) showed that this
preparstion consisted  of - relatively  pure €
burnetii. An exnmination of the eleetron micro-
graph (Fige. 2) indieates that the rickettsine are
virtually free from the insoluble solids of the
e substente,

IsevssioN

A method has heen devised for preparing
purified suspensions of viable €. burnetii, based
on the centrifugntion of dextran sulfate-precipg-
tted ep suspensions, followed by another cen-
trifugntion (o concentente the rickettsine from
the partially purified suspension, In contrast to
previous preeipitation methods, particularly the
use of nonagqueotls organie solvents, it was possi-
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Tauen L Sir represcatalive expeciments demansteating the purificntion of Corxiclla burnetii

- barmetii A("nmtn u{('. Fotal o

. Gierneln o HeI Ll . olal or

b snpemin® . puinea pie VO wlids ¥
1wy mb .

w/ .
I Initinl 206X v 4 17,0
c Supernatant 12X W 30 48
" Finnl 1.5 X e qon ;0,030
1 Initial 20X W o0 17,0
Supernatant’ 2.7 X 1, 34 4T
Finul 2.5 X 100 400 0.050
BRI eitiad X I 00 170
Supernstant 3.5 X e R 0 4.2
Final 27X 10 - 500 0.050
IV Iuitial T.0.X e 400 17.2
Supernatamt 4£.5 X 1 | 38 0 4.7
Final 5.5 5 10 [ qon . 0.0
Vo Initiad 1LX I 4. 170
O Nupernatant’ 3 X W0t g8 0 b6
Finnl .5 X 10 00 0.
VI Initinl 0 X I 0T
Supernntant: 4.5 X 1% 0 403
Final SR X 1 ! ‘ 400 0.0

. . . .
nitrogen Towl far , ¢ ;nm nts ol Contents of

13
Degree of purification

Total

' “Contents of
ry solids | nitrogen
; semoved) from | removed lmm, fat remover|

sl ¢ from initini
';' uu:?u-lmhn :u::'n'-vfsl!m i suspension
i :u;;ul : LI ) ".' . : -" ‘ ’":;5- )
ML OGR4 , «
6702 BT 00 5258 05.40
0.044 ; (I.(l:m: .71 R H N
i ; '
13308 . 05,50 ¢
6.516 . 0. , T6.22 5.7, 1w
042 . 0un2 .71 o . M

130442 1 135,50 :
50.21 07.99

6.3 080 0T

0.0 ;1,20 m.Tr o IR 087
R RN TN :

6.2 0 | 7T 51.40 - 00.77

00825 0.00 0976

mMm.77 . 99.95

12,8545 | 81.80

6.565 1 0.0 ¢ 77.90 730 1 oo.m
0.073 1 002 M7 9043 0008
i 1] ‘ b

.06 | 8080 - !
6.873 1 080 ¢ TR75 . B2 o0l
0.085 . 0.03 ¢ mTL o WTE o7

* Initial = initin) suspension, 7, wlmlc- e supernatant = partinlly purified sapermtant lluicl;

final = finnl purificd suspension,

ble to preferentinlly separate the organism from
the lipoprotein or lipidlike solids without a sub-
stantial loss in viability.

To establish an optimal level of precipitation,
that is, maximal removal of extrancous solids
with minimal rickettsial loxs, a series of prelimi-

nary titrations, based on the \mrk of Sukagnmi
°|ml Zilversmit (1962), were mavde with solutions
containing different  voncentrations of dextmn
sulfate, ealeium ehloride, and sodium chloride.
Slight mwldifieation of their procedure was neees-
sary 1o obtain the optinial concentrtion  of
chemicals  required  for  maximal  purification;
purification was measured quickly by the amount
of dey solids removed from the supernntant fluid.
The concentantion of each chemieal additive is
dependent upon the level of solids (total dryy
available in the egg suspension, Redueing the
solitks level of the egg suspension by the addition
of various squantities of distilled water changes the
requirement  for the chemieal, For esample,
masimnd precipitation for the initinl or working
stk suspension  eontaining 857, total dry

solids ean be achieved with hali the concentration
of chemicals required for a working stoek con-
tnining 179, dry solids.

According to Ribi and Hoyer (1960), the
clvnsil,\' of C, burnetit is 1.11 to 118, The xuceess
of thix methed might be due to the preferential
precipitation  of  the  low-density  lipoproteins
(1.003 or less) at o neutral pH, leaving the

¥Fia. 2. Elretron mieragraph of Coriclla burnctii
20.,m X.
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ric-kc-‘llsim- in the supernatant fraction  (high
density fracvion) which bas a density range of
1063 0 1,21,

ACRNOWLEBOIUENTS

We are indebued ta Jolin Laddine, Fort Detriek,
for performing the nitrggen amd fat analises,
Appreciation is expressed to John Convey, Fort
Detriek, for invaluahle swperation in eleetrnn
micrasenpy stidies,

Lirerarens Crren

Nt anioN or OUreiena, Acricrireea Cies-
s, VG, Fats in eggs amd e prodaet: Otlieinl
and Tentative Methalds of Analysis, th ol
Sssociation of Ohicial. Agricultural Chemists,
Washington, 12.(.

Bovarxiek, M. R, axp ) O 8Sxyper. B9, Res.
piration of typhus rickettsiae. J. Exp. Med,
89:51i1 - 565, .

Crank., E. P18, The determination of nitrgen
iy the Kjeldahl method. Semi-micro quantita-
tive organie chemistey. Aeademic Press, e,
New York. ‘

Coxx, o J, axo Mo N Dangow, 1906, Staining
procedures used by the biologiesl stain commis-
sion. Bioteeh Publieations, Geneva, N.Y.

Craren, J. 1015, Application and comteol of ethyl-
ether-water interfaee offects 1o the separation

Aret. Mierosion,.,

of rickettsine from yolk sne suspensions, Can.
J. Res, 23:004- 114, h

Macvuiavenno, A, 1937, Extudion sobre tifus
exantematico. HE Un aueve metodo para tenir
Rickettsin, Rev, Chilenn ig. Mo, Prev, 12101~
L{LIN

Onvsnee, R0 AL 02, A methead of pinifying
Cogiclln burnctii mind other pathogenie rickett .
siac. J. Immunol. 88:300-108.

Onemxnie, AL KL BeLL axp D, B, Lacksas,
12, Antigens of Coriclla buenetii. 1. Extraction
of antigens with nonngueous organie solvents,
J. Immunol. 88:711-749, :

Porozov, A, L, axp Yakoviev, 1961, Methad for
obtaining purified live cultures of Riekeltzin
burnelii., Probl. Virol. 6:R811-814.

Reen, L. J., axo . Meexen, 1938, A simple
method for extimating fifty per cont endpoints,
Anmer. J. Hyg 27:403-197,

Remp, K., axe B, H. Hover, 1960, Purifiention of
Q fover rickettsine hy density-gradiont  semli-
mentation. J. Immunol, 856:311-318.

sakaacam, I, axe D B, Ziversaur, 1962, Dex-
tran sulflate precipitation and ultracentrifugn-
tion of lipoproteins and hypersealesterolemie
sdoge sorum. J. Lipid 1tea. 3:111-1145.

Surpeann, C, C.. axo N, H. Toreina, 1947, Prepn-
ration of suspensions of rickettxine from infected
volk snes without the use of ether. J. Immunol,
65:07-- 102, '



