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After treatment of the material in step (e), the resin is removed and the polysaccharide precipitated from
solution with alcohol. The precipitate is centrifuged, the pellet triturated with alcohol and the resulting
product dried to form a powder.

55 Removal of lipopolysaccharides by the process of selective alcohol fractionation in combination with
resin elimination is useful for manipulating the amounts of materials other than polysaccharides and
lipopolysaccharides in the final product. Selective alcohol fractionation removes materials primarily on the
basis of molecular weight. Increasing concentrations of alcohol result in elimination of species of decreasing
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and a detergent, e.g. sodlun1deoxycholate under SU|tabIe condltlons and
removingsthe resin by filtration. The filtrate is diafiltered, the
retentate recovered, and PRP precipitated fromsolution wth ethanol. The
precipitate is centrifuged, the resulting pellet triturated with ethanol

nd acetone, and resulting solution vacuumdried. In the process, the
défergent breaks the association of the aggregated |ipopol ysaccharide. 45
The chekating agent ties up the divalent calciumions so the vesicul ar
structure of the |ipopol ysaccharide cannot be naintai ned, and al so serves
as a buffer to maintain the pH above about 8, mainly to prevent detergent
gel ation. The presence of both the detergent and chel ating agent is
essential for obtaining the superior results achievable with this process.
The Iipﬁbolysaocharide is then able to bind hydrophobically to the resin.
The PRP, which does not bind to the resin because it is too large to enter
the pores and is 50 hydrophilic, remains free in solution and can be
recovered in the filtrate. The nenbrane diafiltrations which foll ow renove
the detgggent and chel ating agent fromthe solutlon and the PRP is then
precipitated and
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prepar atlon of rote| n- rE’ol ysaccharl de conjugates. 25
Pr ot ei ff "P gtha éPPé§‘GEr§'@r'\BPP gACChpridecyas Rreciiatedias plgeroknepcentra-

f?
agai nst g ﬁ@f@f& de?‘geﬂi %J_P?f l' ?p PP H°Hfﬁ°g'@q§%ts !@“ bt atedesed um
pr BHia

may be pr i aﬂ?f’ﬁﬁ'?’l 'sr'@?i’(i‘cfﬁ B
resul Ui NGy ﬁUQu 7 ?1 dp fodn femovasring 5esiny deigyeent,

bet weep ST Anbrbéhtd? B4l h ucona §{ o eE%ieL Yo J&Q?&é'rédua 5?‘ f) ue%?%?é”a% %'tﬁ' o >
typi cal | ywidte # Gabols prodicOfpebifiGti ne\ﬁﬁqle n‘iliﬁ | fro olutl
l'i mul us aRERIRG WMétaRohoy %Eﬂrﬂtkﬁ\ld)ﬁekﬁﬁﬁolecgﬁ%fghp& ids'becartd! Sl ﬂ)l@gn QJpec% t i on
of the LASsl@iBH. Indfbasiiy aRORb BinBéhttation BraEiEHaRY bibcibE sldedi@ising H%&Iaﬁ@ fﬁm' rm
parent eral TusgRe solaitich fg wriidh eRAGEAIAGS © be vetEisl csofth aRtPY $af 8oh ‘as éE or NaCl is
Depar t sve rsddeaf ChilteellaicbhoR sukh ks SRABASR Iaudedas achiaacaewawmrah%a.ghﬂy Dolth® @fouk 0.5-1.0%)
det er m ndeseniginttimxgloud |peineisen. Gidph 2). Sequential addition thereafter of about 0.2% alcohol at a time is

performed until a two-fold increase in turbidity occurs, at which point the cloud point has been reached.

Products obtained from Tests a, ¢, d, and e in Table 1 show dramatic reductions of endotoxin level
following the process of the invention. Test e, which had an unacceptably high level of endotoxin, was
55 treated a second time by selective ethanol fractionation, the results of which are shown in test f.
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been r eachewcipifatep Additonal irobrl wesl afided rte Tressuperagtant fo 38% vl The jdasifdd Iptegipitates wasy
dramat i c r eellaeted vin aetlirfg angforotentidiugatiprognd) dripdbiol teaniinalgpowviias. Typiod aepoveriés forthis step at

i nvent i gp. 1820 gbove e elpudmaint we %%efﬁhm@phmogmﬂweﬁ-tﬂ% eftepoamesnt from\ikes

55 treat ed®M¥¥Eond tine by sel ective ethanol fractionation, the results of
whi ch are sh oWﬂ S Iﬂ:t gli:ohpl fractionation procedure can be repeated if the final powder does not meet the

pyrogen specnflcatlon For reprocessing, the alcohol concentration was increased 0.2% above the low cut
alcohol percentage. The yield was 78% and the endotoxin level was reduced from 2.8 to 0.09EU/ug.
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8 EP 0 407 037 B1 TABLE 1 Endot oxin Reduct i on Usi ng Sel ective Al cohol

Fract'i onat'i on 5 EP 0 407 037 B1

Test (EU/[err]g ) a b c d e f Pre-phenol Powder

750 650 530 600 780 Post - phenol Powder 45

140 60 60 135 10 Low c@raghwier ' 30

600 340 30 300 Powder After Selective Al cohol Fractionation 1.5
0.9, 1.4 0.4 2. 8PRP PRECIPHATION: XSDAJA AJe CLOLID, POINE oVS!

fraati gnation, the post- MMrome SDAGH 'S@ilﬂ'tOl@ 59g/Lin a 0.05
M[err]” solution to Bigwu-ee pet=—gndot oxi n and
PRP. Al cohol was then 35 added to 26%(v/v) After the terperature |
equilibrated to a @nstant value in the 2 to 4 C range, alcdhol was added
incremental ly unti i@ t3ag PRP begins to precipitate (cl ouys*oint), causing
turbidify as nmonit&edjby a turbidity probe. G aph’ s a plgt of % al cohol
at the cloud point &ergqus the tenperature of a PRP powder solfution. The 20
% al cohol needed tgrﬁ h the cloud point ate8 C was 27.4% byt for the 4

[err]C only 26.7% gs required. This seenfgly small increasq corresponded
to 700 m for a 10Q L qcale run. The fi#al powder yield decrdgased as the
di f.feresnice between Cut Al cohol pefcent and C oud Point pdrcent

i ncreased. G aph 2ghows that an ijg€rease in al cohol content jof 1% fromthe
cl oud poi nt al coho®corfcentrati op/renoved 50% of the PRP. Endqotoxin
reduction, as neas by LAL, Jas about ten fold. Thereforej al cohol
addi;ti on of 1% 25 ¥ ot suff#licient to reduce the endotoxinjto a | evel of
3 [ r]g when tR& stlarting LAL was greater than 30 EU[errll g. After the
| ow cut al cohol was added, /thg splutio gs iymedi ajely centrfi fuged to
remove |ow cut preci FligAtp /41T 6T OB 16T §$7q% Wes 180@d 22 pdie super nat ant
to 38% (v/V). The desired precipi t ptQPERATORE! sec via settling and/or
centrifugation and dried to th¢CdCiyaR0~PRA%EIASA gmz'on) recoveries for this
step at 1.2-2.0% above the cloud point were 30-40% of the post-phenol
powder or 13-18% of the anount fromtr%_@_fzerrrentor The sel ective al cohol

fractionation procedure can be repeate the final powder does not neet
t he pyrogen specification. For reproce55| n t he al cohol concentration was
i ncreasged 0. 2% above the | ow cut BiBBRPHIALFeIER RYieldhe yield was 78% and
the endotoxin level was reduced fPostPhenelPewgento ¥r1g. 35 40 45 50 55 9
EPO 407 037 Bl Graph 1 PRP PRECI PI MR SAIA Ay fiond CLOUD PO NT VS.
w 1 . n >
® 1 Vit }1-‘
36
® III .
-
I . ol Betis
40 S
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1 . u
&
» =
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Endotoxin Removal Using Resin, Detergent and Chelating Agent

55
The pre-cut or low-cut material obtained after performing the selective ethanol fractionation step,
containing precipitated lipopolysaccharide and polyribosylribitol phosphate, was further treated by mixing
with HP20 resin, deoxylicholate and sodium citrate. This treatment removes substantial quantities of

10



5 TEMPERATURE OF PRP/ SDA3A SOLUTION 31 10 29 15
[err] 30 EP0407037B1[err] LAL Fold Reduction 1%
Yi el d (Post Phenol Powder to Final Powder) [err]% SOA3A Above Cl oud Poi nt
[err] 50 Endotoxin Renoval Using Resin, Deter ent and Chel ating Agent 55
The pre- cuﬂ'pQ§P'V§W%tW“’Pﬁ&'t dignifigantly, pifegting dep levet of desisabie RAYPYS "'E'H@hg@f'%%fq"%‘ed
~ethanol fr #cihe lowet raﬁeret  fiiteain e diafiffered Wik éBP'iSYVt‘ ’é&"\b'iab% % 1959vPae 3adhd
pol yr i bosy PPyPRibiop e precipfited tfiopmy pljtion with, @ tW ffentisiggd and

resiq, deoXFHifingdrelat Kitugte ity sihanpl andiapeipne. Th?ﬁ‘?sg't"fgrs@léﬁ' % e'}" 0o pst ant i al
quantltles of 10 EP 0 407 037 B1 |i popol ysacchari de W|thout
significantly affecting the lev d@b bl e pol yribosylribitol phosphate
~contained in the | ow cut materi%“%ﬁ F?rate is diafiltered with a

hol | ow fi ber nmenbrane, taanret d, and pol yribosylri btol

phosphat g preci pitat ed &%ﬁ . SoeBsr ecipitate is
~centrifuged and resul ti e i th ethanol and acetone. The

'a.l‘_.p.l:l.. %‘Merr] resin was

o?| de (the resin was 25 washed

pose beads were nmixed with the
fter mxing, the
. beads are renoved fromthe sol utto 0 al nl ess steel filter funnel.
Fi:ltrate is then diafiltered in an ‘nw- H P30-20 hol |l ow fi ber cartridge
(G*OGIVQ ®urface area) vs. 5 vol. ofrmimesec trate foll owed by 10 vol. of
- pyrogen free water, rral ntai ning an estl rrat ed pol ysacchari de concentration

~of [err] 2.5 o rermve deter ent and chel at i The retentate
is recovered ‘g%ﬁ ﬁ} Yl@q'gﬂﬁ T ysaccha-

cal ci um chI"8? q"% @ s' a‘ﬁ%ﬁs@e Sy R E’ﬁoﬁl 'ét.f?, faﬁ‘z ‘i
- from sol % %ﬂ%e pé; /enn:{eﬁ r a weof’} |xe Wit ;an |% |
13, 000 X gﬂ,?,zgh g.tg Ln?é} mio%%'ts ol é} g'gj

[ 1 el TTIt

sodi um deoxychol ate andcﬁr( sodi
i popol ysacchari de- pol ysguehas
i added at+30 grans resin per gra
I prior to use with pyrogen free
. solution on an orbital §hee

acet one, gs'ilﬁiﬁsrib s@ccﬁﬁ'ﬂp e
contai ner gy eitut gnecﬁ'sQIS g/ ﬁ\lve(aete[g&eé%ﬁd alelafu{geaas dI'hKV'n;t tateS tedovare@ ukdion he
fol low ng reg Hr‘ﬁtthH& 91addR 40 kNS a iR RhiSiur RRlorkB | chiaifalich df @05 W FofutraridelidL
test val ue Jeldipliféd &din soldtion with eXess 95% 6thandl. trhéiprecipitate is centrifuged @613,008G0g for 3800
40 minutes, the pellet triturated with absbliits 8tharl@0aivd @Estone, and theR vddGum dridd Ofhe findd péiaier is .
Pol ysacchargapsterle@wed satifp cortdidel &ld frozen at-70°c. 100 100 100

Material treated with resin showed the following reductions of endotoxin levels and polysaccharide

35 lovels:
LAL test value EU/ug A B C
% initial - 100 | 100 | 100
40 final powder - 0.06 | 0.03 | 0.06
Polysaccharide level (%)
initial - 100 | 100 100
final powder - 90 | 100 92
45

EXAMPLES 2,3, 4,5,6,7 and 8

Following the procedure for endotoxin removal described in Example 1, maintaining a concentration of
sodium deoxycholate of 0.5%, and beginning with powder having LAL of 60 EU/ug, we obtained
considerable reduction in LPS with these varying amounts of sodium citrate:

50

55
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final powder - 90

Fol | owi ng ‘'t he procedure for endot gpiguo7a3v Bl
. mai ntai ning a concentration of sodium deoxychol ate of 0.5%
having LAL of 60 EUerr]g,

. with powder

100

92 45 EXAMPLES 2, 3, 4, 5 6, 7 and 8

descri bed in Exanple 1,

and begi nni ng

we obt ai ned.consi derabl e reducti on

- in LPS with these varying |anbunts of%ggmu,ﬁj@ CLAU (BbARg ) 59 EP 0 407 037 Bl
- % Sodi um LAL (EU [err]lg) GCtrate dgagt Fini sh Exgnple 2 2
60 30 Exanple 3 3 60 qpte 4 4 60
0.6 Exanple 5 5 60 0.6 Eyafiflle %’"'Sh 6 60
0.15 1C Example 2 Exanple T 60 R0 60 0.6
Exanpl e 8 8 GOExample 30} 6 1% EXAMPLES @, 1Q and 11 Fol | owi ng
t he procedure for endot oxijnExempie¢al descri hed0i i ER&nplie 1, mmintaining a
concentration of sodium cilt Bamelesf| 6% 5and |bé8i ini 8§ wi[t h powder havi ng LPS
of 60 El/[err]g, we obtairjexavonsi der abl e fedctli of-1Pn |LPS with these
varyi ng amounts of deoxycHoPamele72D %sddi uth B8oxyclél atle LAL (EU[err]g)
Start Fi ni sh Exanpl e 9 | Example8 | o 85 60 0660 15 25
Exampl e 6 0.5 60 0. 15 Exanple 10 0.75
60 0. 006 Exanple 11 1.0 60 0.6 30 EXAMPLES
12, 13 14, EraMillesbb10=mbhowi ng t he general procedures in Exanple 1, these

exanpl es inclTude description or process variations within the invention.

35

Process Var iFatidwing tiiex@ogetiee foR endotoxin Afimogal desceited iveFtample Taweiotriniana gongrrtion of
Exanpl e 1 sodivme ciprato ot 8% end begineipg avite gowdsk havirig P! 60 EU/gE we robtaingd, eengidgrable

aq"g;cr)_r di ng redoctibix miP$ witiBthesei varying araounts otidegfyichalald:ed with 3% sodi umcitrate,
o)

umadeoxychol ate i s added, and the solution treated for

40
hree addi ti onal

I hr ee hour s of

%citrate with
t r eat ment

fer three hours
-

hours with the original HP-20 1 egishdiuntiéhhsiatd LAL (50figgr
HP- 20 treatnent according to BExanple 3, an equgt_vut uTE U’i
0. 5% sodi um deoxychol dte was added to the njxt|r &2 RS
continued for another |tisample BOYrs. 45026 Exanplie 65 | 15 Af
accordifig to Exanpl e 3,Examplé am|citrat@swith 0. 4%6odi udmibieo
Example 10 0.75 60 0.006
Example 11 1.0 60 0.6
30
EXAMPLES 12, 13, 14, 15 AND 16
Following the general procedures in Example 1, these examples include description or process
variations within the invention.
35
Process Variation
i Example 12 After treatment in accordance with Example 1, the procedure is repeated.
A Example 13 After treatment according to Example 3, filtrate is diafiltered with 3% sodium citrate,

40 sodium deoxycholate is added, and the solution treated for three additional hours
with the original HP-20 resin.

Example 14 After three hours of HP-20 treatment according to Example 3, an equal volume of
3% citrate with 0.5% sodium deoxycholate was added to the mixture and resin
treatment continued for another three hours.

45 Example 15 After three hours according to Example 3, sodium citrate with 0.5% sodium deox-
ycholate powder were added and the resin treatment continued for another three
hours.

Example 16 a,b
(a) Six percent sodium citrate with 0.5% sodium deoxycholate or
50 (b) 6% sodium citrate with 1% sodium deoxycholate was used for three hours.
EXAMPLE 17

All of the process steps of Example 1 are used, except that the resin is packed in a column, rather than

55

mixed in batch with PRP. Thus, the PRP is dissolved in a solution of sodium citrate and sodium

deoxycholate, and the resulting solution is passed through the column. The resulting product is similar to

that obtained in Example 1.

12



ychol ate powder were added and the resin treatnent continued for another
three hours. Exanple 16 a,b (a) SixeEpenszod7Bbdiumcitrate with 0.5% sodi um
deoxychol ate or 50 (b) 6% sodiumcitrate with 1%

- sodi um deoxgchol ate was used for three hours. EXAMPLE 17 Al of the process

. steps of are used, except that the resin is packed in a col um,

“rather than 55 mxed |n batch vmth PRP. Th I?{ n a
sol ution of gﬂ] EEF ‘ﬁ ! Eilgi ﬂ?:l'itpﬁ §Lff 9%3 o
sol ugj on i ée tF'bt‘ffrlé OHOE}'E“ raea" %g'utrgo
that obt&i };‘E'b ting Sokton 53356 ’P“?!é E%%A It PfLF S
process st (ﬁ'"e are repeated, except that the resin is packed in

a Cartr'dg%mhaﬁé‘ﬁ{ than m xed in batch with PRP. Thus, the PRP is

di ssol ved tion of sodiumcitrate and sodi um 5 deoxychol ate, and
the resu),ting solution is passed through the cartridge. The resulting

product 's sim |?Eeﬁ§r&ﬁ%n°9f"ﬁ_ﬁ%&ﬂu§ﬁm Type bXGhBehli? Polpeparation
S

of H Influenzae ol y- sacchari de (PRP) 15 A schemati c
represent ati on ofd%&H BESEI Sy R/

| NACTI VATI ON CENTRI FUGATI ON DI SCARD CELLS CLARI FI ED BROTH
CONCENTRATI ON WASTE PERVMEATE 25

ROM CON POOL Kk3d¢HAM&Ik representation of the process is shown below: WASTE PASTE
ETHANCL WASTE SUPER PRODUCT PASTE 30 CACL2

ADDI TI ON [ err] EXTRACT 35 L

WASTE PASTE ETHANOL F%% ] oY WASTE SUPER
PRE“PHEN®L POWDER PHENOL ! Vt% EXTRACTIONS WASTE PHENCL
14TH AQUEQUS EXTR DI LUTI ON 45 | CENTRIFUGATION|——— DISCARD CELLS

CONCENTRATI ON WASTE PERIVEAT!E CORHiED 8RO TI ON

CONCENTRATION WASTE PERMEATE
% ROMICON POOL

ETHANOL ————rm—e- ETHANOL WASTE PASTE
ETHANOL =i FRACTIONATION WASTE SUPER

PRODUCT PASTE

30

( CACL, ADDITION j

|cac:.z EXTRACT

% ETHANOL ETHANOL e WASTE PASTE
ETHANOL FRACTIONATION —e WASTE SUPER

(o " | PRE PHENOL POWDER

“ PHENOL —=] (FOUR PHENOL EXTRACTIONS) [ WASTE PHENOL

4TH AQUEOUS EXTR.
DILUTION :

CONCENTRATION - WASTE PERMEATE

CACL, ADDITION

ETHANOL ——oy PRECIPITATION - WASTE SUPER

POST PHENOL POWDER ¢

HP2Z RESIN » SPENT RESIN
TREATMENT, DRY > WASTE SUPER

CITRATE, -
50 ol

5  [nwwpowpers]

13



ETHANCL PRECI PI TATI ON WASTE SUPER POST PHENOL
PONDER SPENT RESI N ETHANCL . EP 030108YNEENT, DRY 55 13 EP O 407 037
Bl Fernmentation A Stage: |noculum and Seed Devel opnment 5 A Lyophilized
t ube of HE Ehl | us influenzae type b, (cultured from Ross 768, received
from St at sity of New York) was suspended in 1 m of sterile

Haenophi | Eg%ta eqccitj:ulﬁjrﬁqumféjeﬁ#??\%g) eI ow) and this suspension was spread on

ni net een After 20 hours incubati on at 37 Cin

2,00, | WA G BhBlSo W35 o ESHSRORSIeH
Haenophi | ﬁﬁlvﬁrl Ji‘ ﬁl : oo @ RA rg e §Iell_-£ | %Efpmﬁgul rﬂgéc}[ jum lﬁi@%ﬂ‘w‘)?and Soy
Pept one s sus SItgl s r@&d teen ocolate Agar Platey ( L

[ ERR] ﬁ? tion at 37°C in
a candle ea ed -
2.5 g |'i pbsdiedDi sti I I ed V\at er To Vo {Je?rl:ssp%n *The pH ofrﬂ Pﬁe SO |'8?1d"|'msand

adj ustesl to a target value of 7.20.1 (a typical value was pH 7.23) and the
solution was sterilized by autjotteavi o at—3+23+—FHERRh C for 25 mnutes. 25 B
Stage: 2-Liter Non-baffled Erl|leHR®PRYH ?:!“%%‘lk'g"‘@q@mth rd portions of the
resuspended bacteria from"A $t agefeploadoVe) 10wmatetiged to i nocul ate three
two-liter flasks, each contair]i NgClabout 1. 0 6pim#er qf conpl et e Haenophi | us
seed an@ production nedi um (sqeNg&POw) . The3.f pmdites |were then i ncubated at
37 [ERR] C on a rotary shaker |oNaz#B0s r pm|f 8.7 abfitat |5 hours. A typical 30

" [ERR] value at the end of the|i k®ation |pe2podlind 0.37. 35 40 45 50 55 14
' EP 0 407 037 B1 Conpl et e HaermmpRiYledWaleed &TeVelect|/i on Medi um [err]

—

G—/ a/ | [err] *The pH of the solution is adjdsted 184 karget value of 7.2£0.1
(a typical value was pH 7.23) and the solution was sterilized by
autoclaving at 121 * C for 25 minutes.

25 B Stage: 2-Liter Non-baffled Erlenmeyer Flasks

One-third portions of the resuspended bacteria from "A Stage" (above) were used to inoculate three
two-liter flasks, each containing about 1.0 liter of complete Haemophilus seed and production medium (see
below). The flasks were then incubated at 37°C on a rotary shaker of 200 rpm for about 5 hours. A typical

30 ODggo value at the end of the incubation period was 0.37. '

35

50

55
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Soy Peptone 10.0 g/l Yeast extract diafiltrate (1)

10.0 /I 10 [err] EP 0 407 037 B1 2.5 g/1 Nad
5.0 g/ ducose (2) 5.0 g/l Nicotinam de adeni ne
2.0 ng/l 15 dlnucleotlde ( NAD) (3) Hem n (4)

5.0 mg/l 20 Fhe—sat-ts—and auy pch onme—were—h §bUI ved T smal | vol unes

of hot, pyrogen-{r€ompiet hiifing ed dy (Boaoducitao I
addi tional hot, @gﬁ&@g - free mater The ferne qy qr flasks were then 25
steriJized for a m nut es at- 121[err]C gn]coollng, yeast
extract "iafiltr H??ﬁ, gl ucose (2), NAD (3) HHGH n (4) were added
aseptically to tmeyBQe tone flasks or fernmenters prliga0 gg1li nocul ation. (1)

Yeast extract di st extylAqt er) was

di ssolved in 1 Ig%@F %%FF%gddgﬁ?éfwgﬁﬁeu¢fﬁaf|Itepgg |&agﬁ Am con DC- 30

hol | ow fj ber V\ntKZHQQXSO cartridges to renove rolSed@flles with mw 50, 000.

The filtrate was nygelil ected and 40 pags@dgyhrough a 0.22 M

menbrane as a st r|Ie ct. (2) ducose was prepared a sterile 25% 45
Bl k2 21-0n 821

solution in glas 1&|§§ water. (3) A stock solu NAD cont ai ni ng
20 ng/ M was st eMNilciotddamgdei adeninen through a M| 1Z.fomg/filter (0.22 M

and addeg 50 EPf; I just prior to inoculation. 55 15

EP 0 407 037 Bl 4flnuﬁle°tlaé RRABS (D) VoL PLLOT 2% vas prepared by

di ssol ving 200 nfemini4H of 0.1 M NaCH and 5 mg/1 the vol ume
adjusted wth st - I on was

steerilized for 1 e added
a§ept|cawly to t @}Qﬁg%ﬁngég ﬁ%% ﬁé#é%ﬁ@ noéﬁléﬁ%ﬂ%ved 18 gpall' 70-Liter
Seed Fernenter Tiwodumest ofshot,t pyrogentiresivatersaade bragghtisée to

i nocul ate a 70- "cto‘?:éeE%r PERAS’ voLRhel Wi€W ddditidddr hot!, p9¥BbeRe

haenophi | us seed an r od UCtIO I um repare descri d "above) and 17
m UCEN free water. n?ermenéé&srgr éiaéis wvere % )

2 sterilized for about 25 minutes at 121°C and after
cooling, yeast extract diafiltrate (1), glucose (2),
NAD (3), and hemin (4) were added aseptically to the

30 flasks or fermenters prior to inoculation.

(1) Yeast extract diafiltrate: 100 g brewers'
yeast extract (Amber) was dissolved in 1
liter distilled water and ultrafiltered in
an Amicon DC-30 hollow fiber with H10X50
cartridges to remove molecules with m.w.

\/ 50,000. The filtrate was collected and

40 passed through a 0.22 M membrane as a
sterile product.
(2) Glucose was prepared as a sterile 25%
solution in glass-distilled water.
(3) A stock solution of NAD containing 20 mg/ml
was sterilized by filtration through a
Millipore filter (0.22 M) and added
50 aseptically just prior to inoculation.

45

55
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B625 antifoam The pH started at 7.4. 20 The fernentation was

mai nt'ai ned at 37[err]C with 100 r @BPmoe4gp7tasziBan and noni tored by opti cal
density (O D.) and pH determ nation until a typical O D. of 0.39 was
reached (after about 5.5 hours). D Stage: 800-Liter Production Fernenter 25
Approximately 40 liters of the product of "C Stage" was used to inoculate
~an 800-liter ferifontd stokisolutisno of thmimmpmwtmmdjrhyn (pr epar ed

as described above), HeHA iy ti@ q(yngi; q UCON LB625
AR

antifoam The fermentation was nal nt ned at rpm of

agitation, with the &h8 valumeadiusted,srifh out every two hours
until the O D was sigldranlifz¥d drdtsy h.cwrmmrmpd Pie Wondtion® the 30

fernmentation was terninated (.a.typjcal fjpal, OD. S 4 aft 12 hours).
Harvest and | nacti vat¥®h s%rﬁﬁ'itajlﬁ%% e‘%’ 6%58 pinyLes A &t t#%tﬂffm
i nacti yated by harvestddeyl iaseptd cddly tortte chirial mediun® piiers 35 of 1%
thimerosal. Carific ours inactivation at 4 C, the batch was
centrifuged in 4-in. q:t(dl3r1hc%'r"‘trr%'::lbgg/.'\ll Sharples 40 centrifuges at a flow
rate adjusted to maintain product clarity (variable between 1.3 and 3.0.
liters/mn). The supernatant obtained after centrifugation (15, 000 rpm was
used fos proegetco-Litee Seadcfeymentes 0l at i on and Concentration by Utrafiltration
45 The supernatant fluid fromtwo production fernentations was pool ed
and concent rTatee titegtof the p@ACt ofITBBtagehwasamed.ib inoaullatd @ Taliter dGanmentsr tonwirtiy 41 &riters
(50, 000 Defl qoomistecaemaephijup sbrgl dndprddisdsien mediurn (pretgesd af 2FHritied 2bevebang T 7 Vil /GON|
nenbr ane Bfdptifean: fihe pibstariad etek4. appr oxi mately 4.5 hours, 1200 liters had
beeh céhcenThefesmenigogpassmpinteipadsat 3TAHG with 190 Fmeagiletion @nds mapiteeed by Ftics densityd
61% Et hanti-0-PideHseteanination unt) aitypicaliRDpf P39 wisreashedrigfer ehomt S8fowsk at e, 30
liters of 95% e s added dropwi se over 1 hour with stirring at
E&!@g_fﬂ?’ﬂ?ref e

4[err] C %‘r‘?tFPQief“Bh of 48% et hanol by vol urre The mi xture was

stirre tvvoadltl to ensur i tation,
mat I e fsth 9 t ? -l pf v

and the S %’I : OP:& i e al m pr % dé)s %use_ ?ﬁ%éa Toat:egé(?js?s{ar ﬁ"xﬂ_ﬁl 6

mm) Shar p rﬁr'572 rﬁ oW T a ter'Sr

i nsol ubl e n a§%n ﬁl Qtr!ﬂ' &Qﬁh % rln %&aﬂco tﬁt%Danﬁ)HQm/el B r%l%

cthanol v rars,lm 11 2 é’ﬁ .tiarr BNE aewmaﬁufrﬁkre

peri od.g Tﬂﬁnéﬂaﬁ&ﬁa@téﬁﬁrﬁat&é(hﬁyfpﬁ f é?bd RaEE5436H 121naRE! OUVS to insure

conpl ete precipitation. 0 407 037 Bl Recovery of the Second Pell et

The resul Ham#ﬂ%aatvhmol soI ubI e-61% et hanol insoluble precipitate was
coll ected by centrifugation in the 4-inch (101.6 nm Sharpies centrifuge at
15, 000 r pm (Abbroximately 600-iteBs @ Zhel tiatck wad inaciiva)ed i tartrdstingGritd/a ekithiaumkd lcorflaining 12 liters
super nas ankt1% thimecbsalas di scarded. The crude product yield was 0.377 kg of
wet paste. Calcium Chloride Extraction The 377 grans of 61 % et hanol

i nsol ubl eClegficetional , was mi xed in a Daymax di spersion vessel at 2
[err]-8[err] C10 with 6.5 liters of cold, glass-distilled water. To this
m¥Xture, 6. 3\pq 8 dpws dractvation 32M Cete] baWﬂswaaoRféﬂﬂfUQ‘ﬁn@ e (1R1-6& mm) oot Shpsples
concent® aﬁ"Bﬁ’ges gt ad'°1\'/|’111%?‘1‘ d . maigiaih proguctejariyt (varipllp patyeep 43 and;3.O lifpryaig). Thene
vessel vva§“pP'H§tﬂ“ phipjeed fey FeifrqationA19:90P gy wag used foF pragyel recovty | ting in 15

liters fi poE. % Et Precipitation 15 The 15 liters of [err]
extract fpg]am" ¢ "cen?rg{ E & rm'at 23% et hanol by adding 4.48 liters of 95%

45 The supernatant fluid from two production fermentations was pooled and concentrated at 2°-8°C in a
Romicon ultrafiltration unit with ten (60,000 Daltons cut-off) hollow fiber cariridges (275 fi2 [25.55 m?]
membrane area) such that after approximately 4.5 hours, 1200 liters had been concentrated to 32.5 liters.
The filtrate was discarded.

50 48% and 61% Ethanol Precipitation

To the 32.5 liters of Romicon retentate, 30 liters of 95% ethanol was added dropwise over 1 hour with
stirring at 4°C to a final concentration of 48% ethanol by volume. The mixture was stirred two additional
hours at 4°C to ensure complete precipitation, and the supernatant fluid was collected through a single 4-

s5 inch (101.6 mm) Sharples centrifuge at 15,000 rpm (flow rate = 0.27 liters/min). The insoluble pellet was
discarded and the clarified fluid was brought to 61% ethanol with the addition of 20.8 liters of 95% ethanol
over a one hour period. The mixture was stirred for three additional hours to insure complete precipitation.
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et hanol dropwise, with stirring, at 4[err]C over 30 mnutes. After

addi tional* stirring for 17 hours, tErR0od0O%XO0IAB1was centrifuged through a K2

Utracentrifuge at 25,000 rpm (flow rate - 165 m/mn) for 6.5 hours at 4

- C. The supernatant fluid was decanted through cheese cloth to renove

' 1 pi d-1i ke Fecoyanyiohije egoad Pollet and the 20 | nsoI ubI e peI I et was di scarded

- 37% Et hanol Precipitation and d b efu a?on in
et hanol - sol ubl® 'gﬁﬁ' é?ﬁ’o% ’ﬁ’[’“° °t!|'f’ }?“g °t'15° %t?é'ﬁ’r e Ih %g thanol _

addigi on_of"%* "'% T ?‘%@% 8 min) ane | e over

30 mi nut & p*é?‘t"t? "” Hé’aﬁt"ﬁ T\h\%gu R r% h agr tat i on for

one hour, tden g'/; olageuéxtg& ';atron for 14 hours to ensure corrpl ete

pr eci pltatl g m xture was then centrifuged in a 4-inch
(101.6 mm Shﬁf HQ bitG@t:t ottanol HROuLIPMhtbrial, W8S MiRbcin T DAyraxldishdisis vEbdd) at bO-g+ C
col I ect 1n&,R@lsl ik,  MANEREF VR this RixdufeCs.S lit6r8 O dold IVECALI,NAIC % addbd, and

pr e- phenol tpé)?ﬂQﬁFe) (fi naBQ.)nce frdtibd =24.0 MrcaCRpwd@hdrRied bt 410 o mifds! THolUGREI v theA S

transf err edinkdy dat with@akdrId 1(MCaLIL"HIO, Rsultilin 1E0itdeé madelimeont aining 1 liter of
absol ute al cohol and bl ended for 30 seconds at the highest speed. Bl ending

was conti nuse RhandPreeipRaiogls on and 30 seconds off until a hard, white
powder resulted. The powder was collected on a Buchner 35 funnel with a
teflon filter Tk tclites df Gadbhextiacs Goi@bdvee ales Propight to 23% olhankl hwweiding |4i48 dters of 95%
portions ofettsbe arapivies, otith atirdng, alndh G ever 30 ininptes. ABerradiiitions! fring, foe {1 o rurs. gmixture
mat eri al  wewastcamrifugditerolgh 3 K2cldeagentrifuge st 26000 frerp (Tl rafe) 185, mimin mfts'rﬁdgurﬁ it 81C-g
(dry, wei ght Thecupqsmataeit,fiuid wih dasantecthropgiv ehepss idh Yhiemay Ypidilig fieating meteriak aad F“ar
fr t he2a ripgolypla pelghwasidispardedls r esuspended in 12 liters of 0.488 M sodi um
acetate, pH 6.9 wth the ard of a Da max di spersion vessel. The sodi um
acet at e sol ¥/ Ehengld # ofle G Easte

H=4.48 liters of a fresh

aqueous pheno Iut olfso : %,H%gl '§ By ughrt‘os%f Eﬁf é?ﬂf B A4S &

pH 6.9, was, 3

d to stand with

crystall P 3 le ovre ftio or1 s' to%%qre Q?QJSTFﬂs@g;E
sol ution h ot ol sniBies Griat 19 d‘ob'%ﬁ(ﬂévpfateL 02 FoRAI)S

cruae p

at 30, 000 rB (tbloirdcAtS REtbiRdbrtbd BrelgrbrREAdwastC| eoni cs) i n
order to brea the enu sl on. he aqueous ef fl uent was extracted three

addi tiongl #dwRenW th 3.2 fresh aqueous phenol solution in a simlar
manner. The—phenol phases were discarded. 50 Diafiltration The aqueous
phase from t hendpsaatontué eatiiigaivn wab @arsfetrdd/toG 1-galla (3.3 live) Waring Blbreidr euntainind00
liters of cCmérthf apsom®Salddha tand bierdiedvivk 80 secontischt &hbihighest eppbeditBlehfiieg whsCooptinuerhat 30
Ani con DC- 3&bcorids bméridl 30 rsadondsroff apt a hartl Lehitelpiwder résuliéiOPBb(Powder e ablipsted ofT A Buchner
Ami con ums t funviebwith aitebeh filterdischepd washee: seqdettiallytim situlwith tteq Eiterapostionssef ahsalutpagthanple
final vol unedviss 288 dortioBs ¢fiagetong. ThE materitl twes fhen tirfed tinovagups atdh Sclar 2hpurs.prysulting jop
0 407 037 Bb8 G{En vEightiaiarodbeteci pitation 0.438 liters of 2.0 M[err] was
added to the 17.5 liters of dialysate fromthe previous step (final [err]
cArcent r at i Bipnolfairastians ) and the sol ut|on was made 67% et hanol with

dropwi se“addi tj on over one hour of 5 | ters of  99% ft Nanod 1ebM {38

iThe, 6 IO e ded | ite m
rapi dly-sti rrl H%l ) ar%? él{ay ?p f or(l) acte oglrmtagl% ely
hours more 48 h a'(;a QE % ,“ﬂ wﬁébguukh
precipitat e ﬁ% héngl odt% aﬁzol’l’f& pressure
Sharpl es &eOie oy a ntr sol I’irbﬁlér\ leeﬁtractrh% Eeﬁﬁrﬁhb&d 882 12
_pol ysacchar Waaﬁd r¢ .nr.@k@ Itrhd%ntﬁfuﬂe @bt RAltidorics inl drder ) brélikftheNdinuision.
bl ender usi E‘Qe L ﬁo bht waS CRRESd HieeSRdRSHROMASE Wthl 3.2TRbdAusbus Phedol! SolutdnSin of

absol ute et §aifImander Th@srte%i pRi3eswerd @btared. f unnel fitted
so Diafiltration
The aqueous phase from the phenol extractions above (17.8 liters) was diluted with 300 liters of cold,
glass-distilled water and diafiltered at 4°C on an Amicon DC-30 ultrafiltration apparatus using 3 H10P10

cartridges. The Amicon unit was rinsed and the rinse added to the retentate, such that the final volume was
s5 17.5 liters. The ultrafilirate was discarded.
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with a teflon filter disc, and washed in situ with four 1-liter portions of
absofute ethanol followed by two EROKPZRE7 Bbrti ons of acetone. The sanple
was then dried in a tared dish in vacuo at 4 [err] C for 20 hours. The

yield wag g g E Egg of dry powder (referred to herei nafter as post-phenol
powder) . afonemoval A schematic of the procedure is shown bel ow.

'?'(r)ea t men 0.438 liters of 2. M C Cl add o thqug ?ters o? dia ysa e%mwo gep 8nal %aélz
A ‘&g tcgq“g:entraﬂon was 0. o ut| made 7% atgano tlg gver one hour of

m Ng M% RO of 95% ethanol to - |r ga{ of a itation, then st for 12
Diafilt rth 199 more at 4°C, the clear B 5 sﬂuﬁle recipitate was 15%&9 l)y

Preci pi t @bdufidbation in the! RHER (1Y Ghm) §1arples centrifuge (15, 000 rpm at 4°C for 45 minutes, Th?_I
Cent ri f ugalutiny botysacthafidd dllet WaY¥Rfated th GMMEAS I8 Mir em)va A schematic of the
procedurma[nsgammshga{he\ag PRP post - phenol powder was d| ssolved, at 2 ng/m ,
N 2 4 s8cohdslinCBD sebonddefs ARINGETWR 2 gl @f A6, oBkhch QBlieuiBl B XBUGHREN fakngl fitbd PH
8- 9. HP2G\ite andfior bl Gisoiand wihkitin 3ktu Vi foUr A0r p@tidns ofdsol@é amanBRBliowed By a3t N
was was hdigr partioas oftabeter@cThaishrplé Wwas thanr dhigbin af tirédisteih 8dclo ath € ér@0 S6urd) ERdgelner e
m xed w twas 8thgrarRIP deyqlowder ofenanl ta heraindtiortaa post-hlsdndlipodvaddr). 3 hours at 4[err] C
After m xing, the beads are renoved fromthe solution in a stainless steel
filtersfndatdxin Reimpvat ate is then diafiltered in an Ami con HLP30-20 hol | ow
fiber cartridge (0.06n{err] surface area) vs. 5 vol. of 1.5%citrate

fol | owed byA 1‘789'0%‘!3 of the pragedurp {sheyerePVee wat er, mai ntai ning an esti mated PRP
concentration of [err] 2.5 ng/m to renove detergent and chel ati ng agent.
The.retentate is recovered ang w1 chl oride is added to achieve a
firfal 2al ci um chl ori de conce Wmm M PRP is precipitated from
solution with excess 95% ethanol . The preC| pitate is centrifuged at 13,000
x g for 30 mnutes, ¢t pel k { th absol ute et hanol and
acetone, and then vaQOQFe4 ispent Rersf erred to a sanple
cont aiger and frozeRP¥t - 70k = ndotoxin | evel was reduced

bet ween 100 and 21,000 fold bet ween|start i ng and final powders. PRP yield

I s between 75 and > 90 %from startgng to final powder. 900 ng of

post - phenol powder cipste P m__d.e;&maﬂ?“m.of endot oxi n

was done using the eyl <k ) m.c.)LLe..Jwﬁa-tmg iréle) test. LAL was
reduced after the various prde EP 0407037B1 shown bel ow

(1 EUJerr]g of polysaccharide LAL test value (ppm 5

initial - 18,000 after HP20[err] regin treatment - 12 after Holl ow Fi ber
treatnment - 12 final powder < p Ty used by the process was not
subst antial . Anpungtheast -PRP L0 ol sWeseBupef t he 10 process,
repres¥nt ed by percentage of = . are shown below initial -
100%

Finst Powder

Endotoxin Removal

A schematic of the procedure is shown below. PRP post-phenol powder was dissolved, at 2 mg/ml, in a

45 solution of 3% sodium citrate and 0.5% sodium deoxycholate at pH 8-9. HP20® resin was added at 30

grams resin per gram PRP (the resin was washed prior to use with the pyrogen free water). The loose

beads were mixed with the PRP solution on an orbital shaker for 3 hours at 4 °C. After mixing, the beads

are removed from the solution in a stainless steel filter funnel. Filtrate is then diafiltered in an Amicon

H1P30-20 hollow fiber cartridge (0.06m? surface area) vs. 5 vol. of 1.5% citrate followed by 10 vol. of

s0 pyrogen free water, maintaining an estimated PRP concentration of £ 2.5 mg/ml to remove detergent and

chelating agent. The retentate is recovered and 2 M calcium chloride is added to achieve a final calcium

chloride concentration of 0.05 M. PRP is precipitated from solution with excess 95% ethanol. The

precipitate is centrifuged at 13,000 x g for 30 minutes, the pellet triturated with absolute ethanol and

acetone, and then vacuum dried. The final powder is transferred to a sample container and frozen at -70°C.

§5 Endotoxin level was reduced between 100 and 21,000 fold between starting and final powders. PRP
yield is between 75 and > 90 % from starting to final powder.

900 mg of post-phenol powder was processed. Quantitative determination of endotoxin was done using

the well-known limulus ameobocyte lysate (LAL) test. LAL was reduced after the various process steps as
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after HP20[err] resin treatnment - 93 after Hollow Fi ber treatnment - 90

final' powder - 75 15 EXAMPLES 20, 28P 0307 03Bt 24 and 25 Fol |l owi ng the

procedure for endotoxin renoval described in Exanple 19, nmintaining a

concentratl on eoxychol ate_of 0.5% and beginning w th powder
R o

~having LPS oqfw" 8'6“’ PaysaGas 210M™:he 20 fol | ow ng reduction in LAL
W th these LX@(e)(t'Jnge @g}g}mt s of sodiumcitrate: % Sodi um LPS EU [err]g
22

Citrate Exanpl e 20 2

Exarp! e 31 initial 518,000 4.2 Exarrpl e 22 4 1.0 Exanple 23
5 Cutr HPSBE WA tradiment - 12 6 0.9 30 .

Exanpl e 25  after Holiow F,be,t,eame,[f) aiz EXAMPLES 26, 27 AND 28 35 Fol  owi ng the

procedure foringpemndepxgn renmoval described in Exanple 19, maintaining a

concent r at ipRR 1§ c56H BYTIG plobadt Wad hot Bsta ARBEH ¢ IPRS r%é&hg&@‘()gﬁﬁs é B'f@&hé- PS
of 260 B [p@esskJeprasentedbyiereftadolv tht Rktiitiold, bl b 1 N LAL with t

varyi ng anpuriital ofoogkeoxychol ate: 40 %
Sodi um Deoxy cdfied HFt20® resinRGathbdt[ 83 r ] g Exanpl e 26 0. 25

15 Exanpl e 24after Hollow Fiber tr@atrbent - 90 0.9 Example 27 0.75
0.01 45 final powder - 75 Exampl e 28 1.0 0.4
EXAMPLESS29, 30, 31, 32 AND 33 50 Fol I owi ng the general procedure in

Exanpl e 1gEXAME‘|<E«S 28)(2%&% &s24end|2ide description of process variations and
the resultin LPS obt ai ned from powder originally having 260 EU [err]g. 55
19 - EP 0 _407'ayig thepresediratogengaipyimiempye! desaibed inVjamala 19, mpintinify a pscentraiion of
AU er trea d? ycholate of 0.5%, and begipning yith powder havmg LPS of 260 EW/ug gyedeltained\the h
Exanpl e 23, "YHNgIpdEtoq i bLiwith thesp.iatving amaunts of sosiymgirater;

% Sodium | LPS EU/ug
Citrate
25 Example 20 2 22
Example 21 | 3. 4.2
Example 22 4 1.0
Example 23 5 06
Example 24 6 0.9
30 Example 256 7 06

EXAMPLES 26, 27 AND 28

35
Following the procedure for endotoxin removal-described in Example 19, maintaining a concentration of

sodium citrate of 6%, and beginning with powder having LPS of 260 EU/ug, we obtained the following
reduction in LAL with these varying amounts of deoxycholate:

40 ' % Sodium Deoxycholate | LPS EU/ug
Example 26 0.25 15
Example 24 0.5 0.9
Example 27 0.75 0.01

pu Example 28 1.0 04

EXAMPLES 29, 30, 31, 32 AND 33

50 Following the general procedure in Example 19, these examples include description of process
variations and the resulting LPS obtained from powder originally having 260 EU/ug.

55
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40 45 50 55 20 EP O 407 037 Bl Exanple 30 After treatnent according

0.5 to Exanple 3, filtrate is 5 EP 0407037 B1 diafiltered with 3%
sodiumcitrate, sodium deoxychol ate is added, and the solution treated for
three additional 10 hours with the ori gi nal HP-20 resin.
15 ExfipRspVadation After three hours of HP-20 0.4 treatnent
according to Exanple 3, an equal volune of 3% 20 citrate
wi th 0.5% sodi um deoxychol ate was added to the m xture and regpg t r eat ment
coniinyed for another three 25 hours. Exanple_ 32 Af ter

three Rours according 0.2 30 to EB¥8mpBUAUdsodi um
citrate and sodi um deoxychol ate powder were added and the resin 35 :
treatment contipued for, another thre our Exanpl e 33 (a). S x percent
sodi um ci trate]'ﬂc { %fa bbteter éreaﬁp Rt 01805 sodi um deoxyhiot at e (b)
0.1 or,Hb)6% sodi um ci trate actdrdadncedwitth dExamphel 2f e was 45

used for three hours. fs:fh s steps of Exanple 1
are used, except that the ré@%%ggﬁgﬁ‘kgg %u Pe@%?ﬁﬁ% rat her than mxed in
batch with PRP Thus, the PRP is dissolved in a solution of sodiumcitrate
and sodi um deoxychol ate, and the resulting solution is passed through the

col ummis The resulting product is similar to that obtained in Exanple 19. 55
21
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EP 0 407 037 Bl EXAMPLE 35 Al of the process steps of Exanple 1 are

repeat ed, 'except that the resin is ppokedosnsg cartridge, rather than m xed
in batch with PRP. Thus, the PRP is dissolved in a solution of sodium
citrate and sodium5 deoxycholate, and the resulting solution is

circulated thr ogg;gmb&@ gart ry@g@r {I}@aq:g,%“ltt |ano|Q|aqql,lgct is simg.lsar to that
-obtained in Exanple™1 EXAMP is exgnple, all of the

process steps of Exarrpie 19 &PeEF‘GF!P&\ﬁea ;}le;(?é&ed&ﬁce with this
prosedure, 1 gramof PRP is aliqcfaated-edReﬁltlht 3%asoddam forth bel ow LAL

test val Oe (ppm 15 initial fter treatment - 15
after Holl ow Fi ber treatnent Citff %Q% B’ M@%%héﬁéﬁlg | oss caused by the
process was not substanti al. 1Annd|dtesl.o1’anﬁRI€tueem1mtuQnat various stages of
the 20 process, represented LGe g t i anount, are shown
below. ipitial - 100% after Ih-%f%%ea Etofit ‘ri‘:(langee I&(adﬁd'gn%flt Hol I ow Fi ber
treatment - 93 final powder hoursywithe the: erigingd: ﬁPrT@t? by this process
conformed to all current chegiegdp.specifications. EXAMPLE 37 In this
exanple, the nethod of Exanple 19 is foll owed except that 6% sodiumcitrate
and 0. 75% 30 sodi um deoxychol ate are used instead of 3% sodiumcitrate and
0. 5% sodisum deogyahpllet 81 Thafterhathrees hayrlsi ef BP-20ur diffé.dnt |ots of

post - phenol powder materi al mﬁ@%&t&ﬁn%%@%o@dln%lté %gttam\iﬁl ue (EUerr]g)

reducti ons achi eved are sho

LAL test value (EU[err]g) |3itiaml equali ivelume of 33 0.0012 b. 126
0,006 c. 190  0.009 40 . with 0.5% godiun d 270
oMi2 45950 55 22 Ep 0407845 TAEEYATE O 2% 8% A Lenza  Pol ysacchari de

| sol ation Process Wth 5 deoxychodiat® W"é Etdﬁ&ﬁ]ol o-th& i onation A
schematic representati on of iiktRirecand relgdionaddatndhts exanple is shown

bel ow. 10 H | NFL Ii Ii:] POLYSA! RI I SO_ATI ON PROCESS
continued for ano
25
hours.
Example 32 After three hours according 0.2
%0 to Example 3, sodium citrate

and sodium deoxycholate powder
were added and the resin
treatment continued for
another three hours.

35

o Example 33 (a) Six percent sodium citrate (a) 0.3
a,b with 0.5% sodium deoxycholate (b) 0.1
or (b)6% sodium citrate with
1% sodium deoxycholate was

45 used for three hours.

EXAMPLE 34
50
All of the process steps of Example 1 are used, except that the resin is packed in a column, rather than
mixed in baich with PRP Thus, the PRP is dissolved in a solution of sodium citrate and sodium
deoxycholate, and the resulting solution is passed through the column. The resulting product is similar to
that obtained in Example 19.
55
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W TH SELECTI VE ETHANCL FRACTI ONATI ON 15

FERMENTATI ON | NACTI VATI ON CENTRI gg(gdg7d37 B1 DI SCARD CELLS 20
CONCENTRATI ON WASTE PERMEATE ROM | CON POOL ETHANCL

WASTE PASTE ETHANOL FRACTI ONATI ON WASTE SUPER
25 EXAMPLE 35 PRODUCT PASTE [err] ADDI TI ON
[ ERR] EXTRACT 30 ETHANOL ETHANOL . WASTE
PASTE ETHANO! thexpreqgserieps| abRrample 1 are repeated, except that the resm is packgfl/insg pariqdgepythpre
PHENOL P@W)E’R(e HERRtgh with PWIQUSPIIWEN@_P i= djasptyet| mgolutlon of sodium citrate and sodiRASTE

PHENOL® 4%) mlfcfmd through the cartridge. TW@?‘@'"&E@M‘?@'%’@’
[err] ADS M F "e‘ PRECI Pl TATI ON WASTE
SUPER POST, 7 ;@gg_ POMDER 45 ETHANOL SELECTI VE
ETHANOL LON CUT POADER ETHANOL FRACTI ONATI ON
WASTE §UPEH§1 Els'%!md? Rme%(? cbbs s'telaé LH& 14 %9%1:% ad3bigiide With R g.%QeEn
fermentoni RAN Php WQrdeh lﬂgwgf set rtﬁ@ or cu ure purity wa tai ned

and the cu ture transf erred to a kil tank where it was treated with

Thi mer os @hi. tedvaibd\@pRonpl eti on of the kill cycle (10 hours at 37 C), the

tenperat ire Was reduced and the broth held until 55 released by the

cul ture vi ahtid ¢ inwobest (30 hours). The inactivated whole broth was then

t r ansf er r edcifterlHP20 fesihreat@a@nt & nnment area, the cells and other debris renoved

by Shar pl esftercvliow Fibeg &batroent - (r&d t he clarified broth stored at 2-8[err] C

Si nce the PiREpoedert@| eased into the culture nedia, the collected cells were
scar de@RBflase cauged pyhthe grocebh wagindt guhstantial. Ampyniseot [FRB trémaining @b varieyst stagesef thend a

stt 2@t RIQPRSE: reRresentedynelconade of wemﬂlelramwt tage spgwn belogp 0 407 037 Bl renove

cont am natl“i’lba' 18%ei n, nucleic acid and endotoxin. A second ethanol

fractionat i®ff §°?Fﬁ§'ﬂt ’f“F'ISr?%d to further purify the concentrated broth,

fol I owed by"E’Wp 9"1'3 ry "b?ﬂ%n%ﬁ extractions to rem)ve resi dual protein,

t%ﬁmng‘éﬁgmé%&z%sfg S BR BR BERBAED oU D

mat er il r'l{x%'i“

sel ecti vgggﬁ fractionation step, the |ipopol ysaccharl de was
precipit aI cohol concentra- tion increased, along wth sone

pol ysaccharm s edaRPN! RO nmiou%aﬁféwe' s Bliond Seb? hatBeCOIMR itV 3%
| i popa} Y sam oLquﬁ 1416 %8 usedheali F §9% Sodishh Eifatd! bridlo Sk @maaoa}chawm Inbfsy Of
| i popol y$as ghpidd 8 Sourukiblem Ghs/ SiHestipRsnol povBer! riatdRIOW b, &Sanki ¥ LAL @8t valtb (EUMmg )

reductions achieved are shown below:

35 LAL test value (EU/Lg )
Initial Final -
. a 22 0.0012
L_(.—- b 126 0.006
) “© c 190 0.009
d 270 0.012
45

50

85
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Thus, the solution fromwhich endotoxin was to be renoved was cool ed and a
salt 'such*as [err] or 10 NaC was &Pd®e407 @7iB1 ed denatured al cohol was
added to achieve a concentration slightly bel ow (about 0.5- 1.0% bel ow) the
cl oud poi nw aph 1). Sequential addition thereafter of about 0.2%

al cohol at was performed until a two-fold increase in turbidity
occurred, at which point the clo oi nt S ched r oduct t ai ned
from Tests a, c, & WTgﬁig'g“%V% Mﬁé‘?@dgﬁwﬁﬁgs‘%’faéndot oxi n
| evels fol | owi ng Sdie yec Ethe raotbordatdon Reducti on of endot oxin | evel
i s neasured by measuring I|rruI us 15 arreobocyte | ysate (LAL) test val ues.
The test is described in "Quideline on validation of the LAL test as an end

product endo'[ﬁ@ééhéhaﬁn@%ﬁregéﬂfatufﬁmg pl%@&s ﬁ)ﬂ&vﬁalm REbRMpRIEdnowH bii%. Di ol ogi cal
products, and nedi ci nal devices". U S. Departnent of Health and Human

Servi cese Decenber 1 unaccept ably
v oh |evel of endot ol "i%%%m&%%é@%m%“%. ve ot hanol

fractionation, the results of which are shown in the product from Test f.

20 To acconplish the selective ethanol fractionation, the post-phenol
powder was solubilized at 2.5 /gl [err] sol ution to provide a
di val entscounter ion for both e dﬁgwﬁw RP. Al cohol was then added to

achieve a level of 26% (v/v). Aft APHYA rature i J.d dto a

constant value in the 2 to 4 [er*“‘}‘é?:";'glﬂ coho ﬁ%ﬁ?ﬁéﬁﬁncr enental |y

until the PRP began to precipitate (cl nd\wblm causing turbidity as
ni.tored by a turbidity probe. CENTF WASTEPERMEATE OhOl at

t e’ cl odY poi nt versus the tenpe uwm powder solution. The %

al cohol needed to reach the cl oug ,“mn r] C Eagbut for the

4[err] C only 26. EVHANQL reqorTed™ ol 1 corresponded

to 700 ml for a EGANOLscaT= TUMTLE 73!t a Was u e o deci de how

much addjtional al cohol should be adde mmsTsl oud point was reached

in order to reduce the |ipopo aschalldest-o-iamet the specification. The
final powder yield decreased Bps ’! T..- 0O between Low Cut Al cohol
percent and C oud Point perceft S g—ci=g(Dl} 2 shows that an increase

in al cohol content of 1%fro the cI ouctptzlEMI cohol concentration renoved
50% of tshe PRP. Endotoxin red OSSN ( by L out ten
fold. Therefore, ao | |on ofET 2 /A: no §$€@§§E educe the

endotoxin to a le o The FRAGHONATIEN rt| ng L was greater than
30 EUerr]g. After thelowcut al cohol] ya .-o-o. solutlon was
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1. A method for removing endotoxin from a Gram-negative bacteria fermentation product which comprises
the steps of:
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pol yri bosyd§ P9opkw hos hate. 4. Th n'e |m 1 wher ei n
chel ati ng a &he P '%sa m?q xm?ﬁ 5 ’R’i'm t : '?"H“d'?l
s v o sugf 'ea" BPUEt 13 s arburg a[{ 9Wa

det ergent I Tg&g S rotems .. immuno FE nner escn S
hi ghl'y %Orﬁ:gl%orﬁ g%(e Ors s?agép bé’a&tﬁr cﬁ% nﬁ&ﬁ é ?]E through blgenerlc spacers containing

a thioether group and primary amine, which form hydrolytically-labile covalent bonds with the polysaccha-
ride and the protein. Exemplary conjugates are those which may be represented by the formulae, Ps-A-E-S-
B-Pro or Ps-A'-S-E'-B'-Pro, wherein Ps represents a polysaccharide; Pro represents a bacterial protein; and
A-E-S-B and A'-S-E'-B' constitute bigeneric spaces which contain hydrolytically-stable covalent thioether

s0 bonds, and which form covalent bonds (such as hydrolytically-labile ester or amide bonds) with the
macromolecules, Pro and Ps. The specific definitions of AE,S,B,A.E' and B’ are presented-in Marburg et al.
Procedures for preparing polysaccharides and proteins for conjugatlon performing conjugation, and deter-
mining conjugation are described in the patent.
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55 Claims

1. A method for removihg endotoxin from a Gram-negative bacteria fermentation product which comprises
- the steps of:
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30 7. A nmethod for renoving endotoxins fromthe outer ic

Gram negative bacteria which conpri ER9 40W038Beps of: (a) ﬂmm\m'l!;l""" '”"I
G am negative bacteria in fernmentation broth, releasing polysaocchari e kNt
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dryi ng the r esuachievQipspolysdctiandetoly§degharidtimlecipitatv®! vi ng the resul ting powder
i n a sol uti onciafacwhsel &l thar@ akg eprisssdhedalioming &ted: under basic pH and m xi ng
noni oni ¢ resi n (@nchbdngslipbpalyisacehatidan eind palysaccharide-cénegningematerian gpstiting #oes ithe, alcohol
chel ati ng agent additich @itht @rmpeiotic zesdh, or detergent andi & gheldtieg Poény Siadse thasic @F tb rremovd 5
sol ution’w th eltmm#cchaﬁémtri fuging the precipitate, triturating the pellet
wi th ethanol, and dr ? the resulting product to forma powder. 8. The
met hod of @& aiTha met &iaim { wberpip thedpitiat padition ef 4'@“3?6@%/?“‘%@9’? gitesicealing in step (d)
phosphat e. 50Qresdts inppaalgepq! H‘U‘GE”E{PW('JWB'F'?T‘FFPW Brley the\elcabel epncentitipn a bp clogdgpoint,
%%um ci t r at gefingdyas the gergeniags 4f gigohet when, prrotaxe prd RoIVEIcEhards ﬂ?’b rrecipiate; Gaysingh
deoxXychoflat e. “ibl' ‘The net hod of Cla|m7 wherein the resin is a highly

Rherer n' e araerare sy GBb Ctrrtiie FBReG = PPUIRFOIE FrPRae. addi ¢ fon of
al cohol 1is petﬁ{@@&?&twg;al D ‘g,remqh%c@egmrg%p/%nttF%F(%nggp&%_ concentration at the

cl oud pojgnt I ne enperature. 25 EP O 407
037 Bl 13. 5 NEndTRbthtachs Bfind @%e%%dé@é?&énﬁkﬁe&%ol&@”ce””at'0” of al cohol is

repeatedly increased by about 0.2% mal ntaining constant tenperature until
the cloud pgi frhe métﬁodd@f:laﬁﬁﬂwﬁeﬂauﬂh@ifeﬁh #%.a Highly éﬁ.%sdwlene%ﬂd difiny1B3hdaRsIcopblyrhérai M
13, wherein precipitated material is renoved after the cloud point, as :
defined $n B A methot lidtirémoving BRddtoRIRERont $ia @eitcell 3NGrap@byatRCisbRIid mchrdampﬁsaé thg
in solution isteprated. Pat ent ansprUche 1. Verfahren zur Entfenung von
Endot oxi n aus efangmwike Grapriegative haaria thuletmegiatiunTteglia tréleasing Pelldaeaharida intd the broth,
wel ches di e St udndradding alagbal to( respovE lijowitiars by precigitaiomegat i ven Bakterien in einem
Fer ment at i onsned) gefting-thei remainirgnhighomoltylar weight spdcies jact issolling thetadin gaiciumm ghloride
Zugeben %on Al k¥shiion. removiegadditienialimpuritien byeqomnieting aiminimere of ate additiong), aleqhpl] faetiopay
entfemen; (b) |8 rdllpeting gad dpingpihe | saeond cleooh erasipitata (disseiving Bp ey PQwden dheraly
Aufl 6sen in Cal ¥HaNse T Spdium Bestnifyand) eydracting with jphenalnia yeqipuer impurities, and subsequently
Ver unr ei ni gungefMoYNgdRs,Phenel fera fHorAguegps,solufipn ?%?@'“Q\P?!ﬁﬁ??f‘?’ sdakx figfifration iy water;
durchge- fuhrt r e und Trock ni eder schl ags,
ﬁ%f?‘@tﬁgmﬂ S s b podeg of oM B AR S B L

Auf | 6sen®des STONECI AL I e following sts

Extrahieren mt g he%ﬁi‘% t%n %wg-siava‘” 3 guf b B ng' a&m hhdng

Entf emen von Phggghs Heter aéug arlu%klﬁbgnon tiEreSifY ?e do
durch Diafiltrag holth sif; [chelating agent and detergent and precipitating the polysacchande from
45 solution with ethanol, centrifuging the prec:pltate triturating the pellet with ethanol, and drying the
resulting product to form a powder.

8. The method of Claim 7 wherein the polysaccharide is polyribosylribitol phosphate.
s0 9. The method of Claim 7 wherein the chelating agent is sodium citrate.
10. The method of Claim 7 wherein the detergent is sodium deoxycholate.
11. The method of Claim 7 wherein the resin is a highly porous styreng and divinylbenzene copolymer.
? 12. The method of Claim 2 wherein the alcohol concentration resulting from the initial addition of alcohol is

between about 0.5 and 1% below the alcohol concentration at the cioud point, as defined in claim 2, for
that temperature.
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20 (c) Zentrifugieren der restlichen hochnol ekul
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aus der auBer dmckgasn| Rulvers imNatiyariacetat und3Edtiakierbremit Phiens!, uh deSprginigengemfusBifernerp

(a) ZUchten vaend gehtieflicholrtiprmemvaBaiteea jaumddr rvébrigae k¥ soeg. iienRolysacshrsithetinglirrurch

Frei set zen vorPigMyhtipnmitWassasiri d i n das Medi um und Zugeben von Al kohol zu dem
MY Um2e um Ver@ n¥°@1"h'9'g@ﬂg’€h restiishen haghsrolekulasen Sppziem tund iaqerayfigsen) i finee Lesyngjer
ver bl ei benden 2Wejweriasr Beasnignedndpezj es und i hr Auf | osen . in

Cal ci unchl ori d® &‘ n venAlkqbotzy ‘gk*rbtslé'fgef‘b%?gj ﬁg‘%l?%;‘éaﬂafh i SHUENPTR® FHePPLNs
eine weitere A(F"k'_I W"étR‘[“? E‘gg@rvﬂﬁg%ﬁ sacchand zyergiplen: i+ sammel n
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und Tro¢ knen i els I| 0| S8 and BF |e|9§ll? ?Le§as a(as gngoﬁﬁﬂen
stam:&%t oin iéﬁt oﬁi h r%ﬁ ei einem

trockerfén Pul
LIRS o ?ernen von Pheno aus der
ysa c‘ﬁarla ent

Ver unr ei ni gun(ﬁggscﬁ%‘

waBri gen Lo-sung, durch Diafiltration mt

Wasser; uRd {dhndi Rdcht Ish&ruch A dberBérh GlefRinglied X(Bhnertes IARbIBISNGE Rieditempératéiigal
von Et hﬁn()l deh ASKINEH iR @ik (dp4Seinep Alkoholkonzbrikhtion I §i6 big Ok @ Gitércdan AkoholkaB €S
femer die foloammelan SovkiSpuilicth He ald &b PlozSHEAE @Bn ARdholldefidibhiét WePIEENdbIGERING
aus (c) und évdfrofsaehafEsusiveme BebifiicR MAEEInd THiBUAG Gerirskcidnner L6sung des

Chel at bi | dners und des Detergens bei einem basi schen pH Wrt und Verm schen
des 26 3E| YorfahrdOnack) Bnépiidh 1, bei dem das Polysaccharid [Polyritibdylribitolghbdphdt is.1111 |1 11 * C
L M 3S * nichtioni schen Harzes unter geei gneten Bedi ngungen; und (e)

"Ent f enen desVerahrgresach dmspru@ht [beitdein| ddnhelatbikingr NetrtumBitratdst.gens und Ausfill en des
Pol ysaccharids aus der Lo6sung mit Ethanol, Zentrifugieren des

Ni eder schl5ag¥erfalver nach Besprughe biedemesies; Detprgens Drspiysholas st Tr ocknen des

restl ti erenden Produkts unter Bildung eines O slvers. Ver f ahren na

ch
Anspructi B Whrﬂé Aach Aasppish v s bet dera dpgiHasg, P} hpghBU Beep ST d1"13 REHREt C§?°"""°"

7. Verfahren zur Entfernung von Endotoxinen aus der ZuBeren Zelle gramnegativer Bakterien, das die
Stufen umfast:
45 (a) Zlichten von gramnegativen Bakterien in einem Fermentationsmedium, Freisetzen von Polysac-
charid in das Medium und Zugeben von Alkohol zu dem Medium, um Verunreinigungen durch
Ausfillen zu entfernen;
(b) Isolieren der verbleibenden hochmolekularen Spezies und ihr Aufldsen in Calciumchloridldsung,
Entfernen weiterer Verunrsinigungen, indem mindestens eine weitere Alkoholfraktionierung durchge-
50 fihrt wird, Sammeln und Trocknen des zweiten Alkoholniederschlags, Auflisen des so erhaltenen,
" trockenen Pulvers in Natriumacetat und Extrahieren mit Phenol, um Verunreinigungen zu entfernen,
und schlieBlich Entfernen von Phenol aus der wiBrigen Losung, die Polysaccharid enthilt, durch
Diafiltration mit Wasser; und
(c) Ausfillen und Entfernen von Verunreinigungen durch Zugabe von Ethanol zu dem Produkt aus
55 (o),
dadurch gekennzeichnet, daB es ferner die folgenden Stufen umfaBt:
(d) Trocknen der resultierenden L8sung aus (c) und Auflésen des resultierenden Pulvers in einer
L8sung des Chelatbildners und des Detergens bei einem basischen pH-Wert und Vermischen des
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wird, we ifo. Aaﬁqafeuaﬁthansbafch 1] 1F dleni &ds DeldiyEnsNuGiumadsysoroie i d, das in der
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gram negati vesst qui 30 conprend | es etapes de: (a) culture de bact6ries
gram negati ves dans un bouillon de fernentation, |iberation du
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sol ution aqueyse,

> dfigtlst, Uiy bad'p
| ' eau, (g ce@gtpob AdOalgl on des espbces p0|o al re r tan e'bt
et resol ubilisation dans une 40 solutlon de contre- |ons dlvalents, et

(d) additi ofevendiédtiond @ | a solution, refroidissement de |la solution et
ensuite addition progressive d'alcool pour realiser une precipitation du
| i popol ysact.h@rocélis/ PpélimjraoncCdiéaidbithiie ol PRUGY e Rridhtaieh 88! bhdiéried GRaMSBEhtives, qui
egal enento | ' 4capeertiuss\étapbsde :(€) nel ange du materiau contenant |e

| i popol ysacchar (aflesltet dé bagutibs/gara-adyativies] dank @6 biduillamde fdeénchtativeldib&ration dd polysacchari-
d' al cool avec usredanglwibplioncehaddiinn dfeiego!l aurboditkingrograsivhiner tliestimpugeaigaipar méndgitatioant |
en pH basi que, (dbiselendint ddsreepcbeedel apiapis ywidculdira restiatos &.leuPdisslution ddas ina solution
revendi cati on 19e ehigmue |de galeim,| Sliminetion ides) impureiés sudplémantsitesjee effectuant auanipiBrmtuar e
aprbs ref& oi di steastionpespant 3 A'aleool supplémentsirg,) réeuprgiiontet Aéchage duosecand thrésipith A l'alcol,
al cool qui va | figglytion do lapeudregidshecainsi ehienueg dang de I'acétaterrlecsaivm @ extraction ay eheao!
au poi nt d' opac?"l”f é'é’ﬂ"febl'?s "ﬂ'ﬂﬁt‘?ﬁ ot.analie Eliminglign A Bifnel dla Iajsoltienyeaueusp Geniqnant un

endo- to ne mncent a rEC| |ter Causant une
R 6 i: fs PE%@%S%% e e et E’%‘tﬂ"'ﬁ?‘&’béﬂﬁr‘f"&e

on ;]
est du pﬁOSphat ) (?dutB ttjjén ref ondlsse erﬁ de I sglu 10 eg ensuge c% engnagrg‘é %v(e)
1, dans |oquel kg i h b Ahcfar % Yol Q %h roc ge’l a
revendi cat i onc;,actﬁgpe%i m rg;,d waag Bso oxycho Fate. EP O
407 037 Bl (6) mélange du thhtkriaul cohth aht le Ilpopol abdhéndg 111id bdiysacharide lrésultaM de IadditioR-

Proc6d6 ge | a r@ueddivedluhd Rsihe n6i bRighes Ak & te.lgamre@%h Rfent Shéldtit, GR DRI BaSEeS polf
styrene et de dgiiwindlyb gdpdiPsaccharide.

2. Procédé de la revendication 1, dans lequel "addition d'alcool initiale et la température aprés refroidisse-
ment dans I'étape (d) conduit & une concentration en alcool qui va jusqu'a 2 % en dessous de la
50 concentration en alcool au point d'opacification, défini comme le pourcentage d'alcool auquel I'endo-
toxine et le polysaccharide commencent & précipiter, causant une turbidité.
3. Procédé de la revendication 1, dans lequel le polysaccharide est du phosphate de polyribosylribitol.

s5 4. Procédé de la revendication 1, dans lequel I'agent chélatant est du citrate de sodium.

6. Procédé de la revendication 1, dans lequel le détergent est du désoxycholate.
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4 14. Procédé de la revendication 13, dans lequel le matériau précipité est éliminé aprés que le point
d'opacification, tel que défini dans la revendication, ait été atteint, et le polysaccharide restant dans la
solution est séché.
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