- 1 - APPARATUS FOR SECURELY PROCESSI NG BI OLOd CAL SAMPLE FI ELD OF

| NVENTI ON 100011 The present invention is related to an apparatus
for securely processing biological sanple. BACKGROUND OF THE

| N\VENTI ON f 0002] Li quid seni - per meabl-d -nenbrane col ums (or

sem - per neabl e nmenbrane colums) are commonly used in | aboratory for
washi ng, separating, or purifying biological nolecules, such as DNA,
RNA, and pr ARRARATBSHORSHEEREEYRROICESSING BIOEOGI&AIaS AMRIn¥onl y
used are nostly cylindrical in shape, whereby the bottomis provided
wi th one or nore pieces of sem -perneabl e nmenbranes of speci al

pur poses. The columm is infused with liquid, and an adequate force is

then applied to the liquid i ing the liquid out of

t he col unmm through the seni-nFﬁhﬁD VL ﬁﬁb@f- [ 00031 Normally, the
applied for C be a centrifugal force or ajr .pressure. \Wen

cent ri f ughPOFlyr clheplesutdiortipn TER o afbaidus e Rl Freees i qui o
collecting tube, and then the liquid is infused in the colum. The

l'i quid colpggﬁﬁhﬁmﬂﬁ%e and the columm are then placed into a
centrifuge. The centrifuge is turned on to spin at high speed to
generate a high centrifugal force. The liquid in the colum is forced
out of the columm through the sem -perneabl e nenbranes and col | ected
in the liquid collecti nBACKEROUNDROGVEHRINVENTIGNONI Y suitable for
a single colum. When an operation involving nunmerous colums is

needed, t[ppoPf 008§HdWOM!-HeRREPIEL QNBTRAY cARMARELS SIBI-Rembie fRRASAHY Of
a centrifuge is Iimted. Wen air pressure is

columns) are commonly used in laboratory for washing, separating, or purifying
biological molecules, such as DNA, RNA, and proteins. Semi-permeable membrane
columns that are commonly used are mostly cylindrical in shape, whereby the bottom
is provided with one or more pieces of semi-permeable membranes of special
purposes. The column is infused with liquid, and an adequate force is then applied
to the liquid in the column, forcing the liquid out of the column through the
semi-permeable membranes.

[0003] Normally, the applied force can be a centrifugal force or air pressure.

When centrifugal force is used, the column is usually placed in a liquid collecting tube,
and then the liquid is infused in the column. The liquid collecting tube and the
column are then placed into a centrifuge. The centrifuge is turned on to spin at high
speed to generate a high centrifugal force. The liquid in the column is forced out of
the column through the semi-permeable membranes and collected in the liquid
collecting tube. The above process is only suitable for a single column.  When an
operation involving numerous columns is needed, the process would become overly

cumbersome as the capacity of a centrifuge is limited. When air pressure is



- 2 - enployed as an applied force, numerous semn - perneabl e nmenbr ane
colums can be inserted into a vacuum mani fold, which has a greater
capacity than a centrifuge. By applying a positive or negative air
pressure, the liquid is forced out of2the colums through the

sem - perneabl e nenbranes and is collected in the vacuum nmani fold. The
process of using air pressure is nore conveni ent when operating

nunmer ous &apipy&ebasan pphitd fou@y surngendidndnRrmeMlOhbmbrae Reininseaabe

sem - perneabl e colum 31 (see Fig. 1) generally conprises three
parts: an URRAMneS vctdh nRAbIAOWhhhas & gfatd 'cEpaEH? WaAla &BEHLAN 32,
and a | ower tapered section 313. The dianeter of the upper cervical

LS o bl LRI 00 B R BT AL o
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(not shown in the figure). Sone of the colums have a design of |ower
t aper ed sEleg Propess 81 8sing §io OB SSUAS ISSRYREORYEDNG When aperaling WHpdeeent of
the traditional sem -perneabl e nmenbrane colum 31 with a vacuum
mani f ol d Splss drroatituoghtpdratgmst i on style: the | ower tapered section
313 of the liquid sem -perneable nenbrane columm 31 is inserted into
a hol e 34/00b4]t her vasdrMARntiQetnd@dididi@ah BY (@€ Fig.a) abndrlseedniises
adaptor columm 33. The insertable adaptor colum 33 is used to avoid
direct i ti,00. Of e 11~ I : JAt he
eldafty: 4 uLﬁ%Ql ce?ﬁ?ﬁi sP&IoEsa R e?m?ﬁﬁi%}lfgi@gﬁr %&g?ﬁr@lﬁ]anﬂ'ﬂ 18wi

hole 34 of tHe vacu mani fold 32, as the 3 t he vacuum

mani fold 32 0 i n,cont agt th the sanple contai.ned in. t
sen - per nEaBPLorlBe et gimier L wirpe 2R BT LA Bgl b B
contam natjon ampngst different sanples. The insertabl e adaptor

col um. 3l midpfbyleg SeHgE abte YPROGhe falHMEE el Eyllfl:fléhné@ef or
repeated use. When the insertable - 3 - adaptor colum 33 is used,

t he | owermidsihetubdlas ssstipod i BisProvfidadier semiiningmpakdampheand dnéataotium
3l is inserted into the insertable adaptor colum 33. Then this
ensenbl e b&tonnpat inethdevortehe duat ep@diopurpdred vaniipurmzaie ndntbrdids (wotd
forms the following structure fromtop to bottom the sem -perneable
menbrane gLWTA tRlfigurdhe SoRs HRR RGN Oh d6QbMBN033r tapbRE sYARMSM
mani fold 32. Many applications utilize the insertable adaptor colum
33, especéﬁgly experinments which require no cross contam nation of

t he sanples, such as using purified nuclear acid for PCR reaction. It
is therefgre very inportant t t hi s engagenent,. musi be tigh

socurad t003lo; ARG P e b SRRt of T e ! 98 b AR hol o
t he sem - perneabl e nenbrane colum 31 and the insertabl e adaptor

col urm 33membeans gplamn Yhvitlen yeryemenenifald 32 & injadighy inspraion shde: diger at or
may experience disconfort at the fingers due to this naneuver. On the
ot her handweaspead stxaionétl § ef therdgieidstcongebycablsf eembrage tolufingdl i4, t he
sem - per neabl e nenbrane columm 31 remains protrudi ng outwardly from

t he appariakdied ol a1bIOPLERhE OuudNdatitold 32 disant@did M st ld@lagtoss
nmerely at its tip. Thus, it can easily beconme di sengaged fromthe

hol'e 34 dug,hf 33Ny THOINIL BB aQﬁfE’tlor EQlinhS398used to avoid direct insertion of the

semi-permeable membrane column 31 into the hole 34 of the vacuum manifold 32, as
the hole 34 of the vacuum manifold 32 may come in contact with the sample
contained in the semi-permeable membrane column, and such can lead to cross
contamination amongst different samples. The insertable adaptor column 33 can be

of a disposable type or can be casily cleaned for repeated use.  When the insertable



100061 To overcone the above di sadvant ages, the applicant proposed an
i nvention, which has been all owed as TW253957. This invention

provi des an apparatus for processing biological sanple, in which a
sem - per neabl e col um can be easily placed in the slot of a vacuum
mani fold. In cases where the liquid to be processed is highly
cont agi ous, an adaptor columm can be used to avoid

cr oss- contdanbnatduran 3antused, the RBwentapehel sopeonai10rof Cladeng-pefinghbteect
contact with the liquid sanple. During operation, the sen -perneable

col um i snPh@eRddiding b?@ﬂ?&fe@ﬁn@%@ﬁ@eﬂa@@a&aﬂ%r aclarhas. C%b‘rm;é S
placed in the slot of the vacuum manifold. In doing so, the - -

operat or ?e%b‘?@r“s' b% eriGl B fole &QR@G&%@% m%ﬂﬂ;lf%’f Anll % GRLR per f orm

t he opera I ons ausing pain to |ngers [ 0007]
Accordin 0 TVV253957 the s ermeabl e coI | oos cei ved
e oolcvry eV Cudoedn orir s EsemE b lF Bealrurgo e il |
applied. If an adaptor colum is introduced between the

sen - per iicaBpastabls adaptoner]unne st vastumipaniddiddn AR yipdicaiane gaps
exi sting between the two colums and between the adaptor colum and

t he sl ot unlikd the emdeable hddptarhvelwdapd,espaadllyravpérsnérvowbich reqieinoed i n
the slot and that the sem -perneable colum is | oosely received in

t he adaptfiss e@ltatitthatibNef the sififle@ansh ad ehgS@RNifreR BUSRANICR] oOPURN and/ or
t he adaptor colum can becone unstabl e during operation, and the

accuracy .of. u&FS 153 15%‘131% OV P{E}%g@ﬂ&’[ﬁ HSR ks %‘ﬁg@%@‘g .}m[sPQé)g’ ht )&;e}fﬁr@&v of

this, the applicant na es | fprovenent on e i nproved

o am 1 10 BOUF ERLH TP, T o Plosh SR RERBR ?a@s%ﬁ?%

colum in placed in the sl of the vacuun1nan|fold air-tig
condi t | oﬁl%aw%amh%hﬁ%@lew%@ﬁ A HRIOTEAIH S B IRFIHE t@hbt and t hat
the sem - perneabl e col um and t he adaptor colum w Il be secured in

posi t i onengachwant. s hbkilinglydhat tihoeratogmay expegicaysatiscoimder abthd finpe's

accuracy of test results can be secured. SUMVARY OF THE | NVENTI ON
due to this maneuver. On the other hand, as can be better understood by referring to
Fig. 1, the semi-permeable membrane column 31 remains protruding outwardly from
the apparatus during operation, and it is inserted into the hole 34 merely at its tip.
Thus, it can easily become disengaged from the hole 34 due to any unintentional
collision.
[0006] To overcome the above disadvantages, the applicant proposed an invention,
which has been allowed as TW 253957,  This invention provides an apparatus for
processing biological sample, in which a semi-permeable column can be easily placed
in the slot of a vacuum manifold. In cases where the liquid to be processed is highly
contagious, an adaptor column can be used to avoid cross-contamination and to
prevent the operator coming in direct contact with the liquid sample, During

operation, the semi-permeable column is placed in the adaptor column, and the

adaptor column is placed in the slot of the vacuum manifold. In doing so, the



[ 0009] To achi eve the above-nenti oned objectives, the present

i nvention provides an apparatus for processing biological sanple,
whi ch conprises at |east a sem -perneable colum and a vacuum

mani fol d, and optionally conprises at41east one adaptor colum. The
sem - perneabl e colum is |oosely received in the slot of the vacuum
mani fold, or in the adaptor colum, and sealing el enents nade of

resilientoperatd can azmm@rdpaﬂateah@amsatas aneevdpatyaen debfor:s el oedtivaabl e
colum and the slot of vacuum nmanifold, or between the adaptor col umm

and the %i%upéaugﬁ%#‘%mtmﬁﬁ 5&&&%01@&%@;5"\’99” the adaptor colum and the
sem - perneab e co i] such that when the sem -perneable colum in

whi ch CO Acc ur'dmgst W%%‘% pth?%&?[gk é}megﬁe %1)1?1#1161] élgogﬁg\{?c%ﬁ‘%? n

nanlfold vacuuml cuun1nam

sanple in t e se perneabl lum will be pressurize ass
t hrough theslelest; é%%‘éltﬁ’%mﬁ’é‘ﬁg‘? fQieeHii RS eSS %\YQC‘{‘%B&QQF?% I@Bﬁ‘ ective.

100101 The sem - perneable columm conprises an inner portion, a top
por ti on, adeptoncabenn éninpoduced felwene thersaar-ppareablgreoliann anskthe skt P%&he
receiving space; the top portion has a first opening and a radially
pr ot r udi Rgciuni atanffblanthe ;gaphexidtimp tbotwepothid tovw dohsnis gridtetwigknrilge f i r st
outl et and at | east one sem -perneabl e nenbrane. [00111 The adapt or

col um i sqaseccdhrhh aR@itelsiot Mill kéhdus@ah thehddptoH BMlh Wheselyecdii@iind
sanple is highly contagi ous and thus direct contact with the liquid

sanpl e ang, GrO8S tﬁmhégenﬂ ehﬂ@ab?@@d’f ugnl?selo@fyé?%ga%gwga- hemadantor coq&hﬂrm

conprlses an i nner op portion tom portion.

i nner |on of the ad tor defines,  a ond,receiv space
The top FBELPOIF #RS BCS w&na%é%%nn&ﬂf SRR AT RS A

second flan e. The bottom portion has a second outlet. [0012] The
vacuum n&‘ﬁﬁtﬂ‘é‘Pd‘uElB&BP‘?@fé@ andyihs acamirryzolitests withdus he advesseloptiecisd: base
defines a receiving space. The lid conprises at |east one slot for
recei vi ng0@t8] | easvicond tlisthe gaplived bhakes whproversent ad dpY @6 3201 umtheThe
bottom of the slot has an opening in comunication with the receiving

space of iinb@veasppardtQf b3kalDarvinaghd dfeecopiyealihOimdaiecirg: wppaluainis of
the present invention, the sem -permeable colum is inserted into the

sl ot of thﬁtMﬁlewaB&' bl ehat vﬁeﬁ% dehg- p%hﬁéﬁ%fbt ool GhpI6&H iR eheisot

circul ar gasket wth a central hole, is placed at the bottom of
of the vacuum manifold, air-tight condition can be maintained between the column
and the slot, and that the semi-permeable column and the adaptor column will be

secured in position without shaking and shifting during operation, and the accuracy of

test results can be secured.

SUMMARY OF THE INVENTION

[0009] To achieve the above-mentioned objectives, the present invention provides
an apparatus for processing biological sample, which comprises at least a
semi-permeable column and a vacuum manifold, and optionally comprises at least one
adaptor column. The semi-permeable column is loosely received in the slot of the

vacuum manifold, or in the adaptor column, and sealing elements made of resilient



- 6 - the slot. The central hole allows the protruding outlet of the
sem - perneabl e colum to pass through while remaining secured in
position to forma seal ed contact when the sem -perneable colum is
inserted into the slot. [0014] In anebher enbodi ment, the sealing

el enent is not placed at the bottomof the slot, but instead is
placed around the wall of the slot. A circular groove is accordingly

formed arguneathe palidnedbetaten Medlentifpeihieabkaciiuim amhiht glotdof tacueeei ve
a sealing elenment, which can be an 0-ring. The sealing el enent wll

help to Sﬁﬁrﬂrﬂﬁdt(ﬂ%e@?e%h'tl{éeefdgﬁ%plz@luﬁﬂl a‘ﬂH‘?hé Qoﬂﬁﬁi‘a&@%‘m@ﬂl‘ﬂolﬁ%{ Betveen

seal ed contact W th the sem -perneabl e col um when the seni -perneabl e

col um | g%gggp;@gcgzd@fggmgw@m Ler8t 1@%01‘{1&3“%(;1{@41'411%{.% [0015] In

€ 'Cco can instead be inserted
into the adaptor um The ner d| nmeter o or c m is
slightly $%‘d@?m?;§’§i‘rfqhﬁﬁn Juyaie GP%Fﬁ‘é"F uighsapp IEQ Cg E’ﬁa%lB EEfft)l um
such that the sem -perneabl e colum can be |oosely received in the
adapt or cedcunm msavdfothandfvaceum fig appdied &F the acuuap mgoideli ghe bawd sagpledn
t he second flange of the adaptor columm. The second flange is fitted

Wi th a segakisagi-piraieiie colohinokillite prederindd ta passshiouginthevamepéraleabled i n
a ring shape. Another sealing elenent is provided between the second

outl et at Lhea0kd mé% thh@esaeaptiesiveol um and the through hol e at
the bottom of the slot such that mhen the air pressure in the first

recei vi ”gl/oﬁﬁ?@fe 9 sétﬁfp%ﬁ{&m%%ﬂﬁﬁpéo%@%%y&ﬂ‘ n'ﬁ@r }{g}% otk f% 155'%(1%]:

the reserVoir’ space o vacuum nani of the
sem - perngabl e calu wi .l | . N eal ed contact wt the S

£} ange. of DLk BUABEor TPt RES BOTY SRS WA ptPBPO‘%&F‘S‘%%
will be in a sealed contact with the_bottom of the slot. [0016] In
anot her ewfittppewng andreradighy prayrudingrfisst angente bR PPBIREdaRE ¢ he

bot t om
protruding first outlet and at least one semi-permeable membrane.

[0011]  The adaptor column is used optionally. It is used particularly when the
liquid sample is highly contagious and thus direct contact with the liquid sample and
cross-contamination should be avoided. The adaptor column comprises an inner
portion, a top portion, and a bottom portion.  The inner portion of the adaptor
column defines a second receiving space. The top portion has a second opening, and
a radially protruding second flange. The bottom portion has a second outlet.

[0012] The vacuum manifold comprises a base and a lid.  The interior of the base
defines a receiving space. The lid comprises at least one slot for receiving at least
one semi-permeable column or adaptor column. The bottom of the slot has an
opening in communication with the receiving space of the base.

[0013] During the operation of the apparatus of the present invention, the
semi-permeable column is inserted into the slot of the vacuum manifold. A sealing

element, which can be a circular gasket with a central hole, is placed at the bottom of



- 7 - of the slot, but instead is positioned on the wall of the slot.
In this scenario, the slot of the vacuum mani fold takes a circul ar
groove formon the wall thereof to receive a sealing elenent, which
can be an 0-ring. Wien the adaptor cebumm is inserted into the slot
of the vacuum manifold, the sealing element will help to secure the
adaptor columm in position and forma seal ed contact therew th.

[0017] Tothkaki! i T @nperisnasiidvavine grogeimpaut ks whesgd-germedtde estimho
better understand the technical features of the present invention,

and put i, j,8¢ mr&{gﬁ%ﬂl%‘%em‘éfﬁﬁmgf Qbﬁr@&’ir@sq{%%q{) iR @%le%rc%nﬁﬁf)%hgﬁﬂte

wi th the acconpanied draw ngs: OF THE DRA
[0018]Fig, 1 |IIu b abes ppar atus for proceSS|ng

n
b|olog|ca:fenge¥’r?ﬁf1%1 TﬁﬁTﬁfﬁ“ns'%%lﬁpuéirates a first enbodi nent of the
present inventi 3.1l str tes a second enpb nment ., of
t he pres ewp? nvgﬂtap‘éf et e[r@]ﬁ’éfi‘}qerﬁi hes l,ng FE’g’tePE\Fé’é’t Blagg 85&“2‘?%'&9&? fent
of the present |nvent|on and [0022]F|? S5 illustrates a fourth
enbodi menthe gttt insicad mlaq‘.qd\,aé(mnddhe wall of the slot. A circular groove is

accordingly formed around the wall of the slot of the vacuum manifold to receive a
sealing element, which can be an O-ring.  The scaling element will help to secure the
semi-permeable column in position and form a sealed contact with the
semi-permeable column when the semi-permeable column is inserted into the slot of
the vacuum manifold.

{0015} In another embodiment, the semi-permeable column can instead be inserted
into the adaptor column. The inner diameter of the adaptor column is slightly larger
than the outer diameter of the semi-permeable column such that the semi-permeable
column can be loosely received in the adaptor column and the first flange of the top
portion can rest on the second flange of the adaptor column.  The second flange is
fitted with a sealing element, which is made of a resilient material and in a ring shape.
Another sealing element is provided between the second outlet at the bottom of the
adaptor column and the through hole at the bottom of the slot such that when the air
pressure in the first receiving space of the semi-permeable column is higher than that
of the reservoir space of the vacuum manifold, the first flange of the semi-permeable
column will be in a sealed contact with the second flange of the adaptor column, and
the bottom of the adaptor column will be in a sealed contact with the bottom of the
slot.

[0016] In another embodiment, the sealing element is not positioned at the bottom



DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [0023] Fig. 2 illustrates a
first enbodi ment of the present invention, wherein the sem -perneable
colum 11 is a conventional one. Conventional sem -perneable colum
is generally cylindrical in shape, whi th conprises an inner portion,
a top portion, and a bottom portion. The inner portion defines a
first receiving space 111, wherein at |east one sem -perneabl e

menbr ane of I sla, pltansehd iThesiiopd porthd wall bHheslod f Inrtbis soperibnte 3106 and
a first flange 113 extending radially outwardly fromthe top portion.
A first eftheciacldm nadifbllrtaes aadirciie gholé mper the el therBof & 0&2A%E a As
shown in Fig. 2, a sealing elenent 125 is positioned at the bottom of

the slot gddih, eTJ?ﬁen@%h@ﬂ cé?‘f bd PROSER! | WheB! (REEp 1ok 281 AASIs AReRREMNT-

When t he senl per meabl e colum is |nserted into the slot 143 of the

vacuum ”?ﬁé gl? q‘t%e vach{ﬁ% 11%51%0'1 ghe%e% I%% tVYf\ﬂilbﬂelfﬁo SQXVIE Q’% aﬁ]a%tugh its

outlet 1 Sem - pernea Ie co 0 be™l nser

central n|n Accord sem erne bl e colum 11 can be
secur ed FHF §P8W°ﬁﬂ%&gﬁﬁ“t%@EEFP%@dﬁﬁ’F@F 114 and the sealing

el ement 125 will forma sealed contact. Wien a vacuumis applied to
the receilly spaéusilias persopniavingeaenaiahlon wledg inghe art gebeilet cont act
between the slot 143 and the sealing elenent 125 will be formed and
air will vodepiaed tettadnicabfenfukawif i grheneinetaen andpvg isiaal pdctcosthact s
between the first outlet 114 and the sealing element 125 and between
the sl ot fddaviapdedohiptisale Fﬂ)vﬁtearmﬂtthé.a&:oﬁ{paurea drdidihgd:he 1 quid
sanple in the sem -pernmeable colum 11 is forced through only the
sem - per neabl e menbrane and out of the col unm under the atnospheric
pressure. 100251 The inventive concept of the present invention is to
provi de a sealing ele L a seal ed
contact surface but ar?g—géﬁﬁ Thﬁﬁgégﬁjf' P&ﬂg§g&?&gﬁ W thin the sl ot
of a vacuum mani f ed on this inventiye concept, a seali

el ement d9H8be Etgsb ﬂb@@iﬁ@s B RV caHORAh APRASAHS forr pfcrf@S%%tw@z@ak@ '
Fig. 3) instead of at the bottom of the slot 143 (shown in Fig. 2)
The wal | {8819 heFigl dillubgates s fipyt ewibddicnent ohtha prasemidngmtiovie 147 for
receiving a sealing elenent 125", which can be an 0-ring. Wen the
sem - per fe@o] e Bl Biiftuskdtes 8 s¢doae endddintthoof the padseit idvkdtiod;he seal i ng
el enent 125 can guide to secure it in position, and when a vacuumis

applied ygodipe FRCEIMIsRGSRBGRI ddvdphedRe inAGHEM MRBMI Q) ghdl4, air
woul d not fIOM/through bet ween the sem - perneabl e colunn 11 and the

seal 100, ShOmET 7S AR PR AR ™

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0023] Fig. 2 illustrates a first embodiment of the present invention, wherein the
semi-permeable column 11 is a conventional one.  Conventional semi-permeable
column is generally cylindrical in shape, which comprises an inner portion, a top
portion, and a bottom portion. The inner portion defines a first receiving space 111,
wherein at least one semi-permeable membrane 112 is placed. The top portion forms
a first opening 116 and a first flange 113 extending radially outwardly from the top

portion. A first outlet 114 is formed at the bottom portion.




sem - per neabl e nmenbrane 112 and out of the columm 11 under the

at nospheric pressure. [0026] Wien the sanple is highly contagi ous, an
adaptor colum 12 can be used and it is inserted between the

sem - perneabl e colum 11 and the slot8-143, as shown in Fig. 4, to
avoi d cross-contam nation of the sanple liquid. [0027] The adaptor
columm 12 generally has the shape of a colum, and can be nmade of any
appropri goG24yat Ak skdwn inlfig. DGapilatg dahenmm 23 weiphed sishabotiommef the
portion, a top portion, and a bottom portion. The inner portion

defines 81c8@¢PNATHLLRIY bf‘gae%Qﬁﬁ% cledent THeR4OR o?)@ﬁ&go NWiRS (ke second
opening 127 and a second fl ange 122 extending radially and outwardly

L{ g?e?][]ef%% aRe éf)l?, rEoiu-lm1 18 1 H&?m%c?&g Rt flll% I)letﬂ%@a u%ﬁ }n'al%%ldﬁgathé ng

PaUis he C|rcu erence there ortlon has a

second out | et ter o adaptor c

sl'i ght Iy Staingé chaaanos hol s e el T grol s e fihunf 11 %o
sem -perneabl e colum 11, but smaller than the dianmeter of the first
flange 1bgiwstrtehirashi itspeniielapreing o Aesprdingly,ibn semigperpgable column 11
sem - perneabl e colum 11 can be inserted into the adaptor colum 12
and be | casbt yecumden Vedslotn 48 hed sledanidbutlet Hiddndghspabeg d2hent 1 25heill
adaptor colum 12 and that the first flange 113 of the top portion of

the sem tpef ABaNE BRkt Whehla €R0uhashppdRd (dde seRlViNgsRLEMENSf hs.
[0028] Fig. 4 shows a third enbodi nent of the present invention. Wth

respect thcJu%’?mahffélh 1@@9&56@%&5}&0{ bt EJH thé iﬁﬂp@déd?ﬁﬂ% Séa'ﬁflggﬁfnent

i ncl udes an adaptor col um I ng e enent 13 tfits around the

ci rcunfer f .t he se ond t.or _colu 12.. The
Seal i ng. dPRRENBE ey 81*&}«'@5&?9%’6 PEE R i AR R, The Yated
sem - perneabl e col utm cont ai nin Ie |.iquid i 0Si |oned n. the
adapt or Eentae batwegm ferhat %lﬁb{%*r Wﬁ“‘l@elF@e’b‘o@p tainé BlVeeR tft@rﬁéoty ot
143 of the vacuum nmanifold 14, - 10 -

143 and the sealing element 125 ensure that the liquid sample in the semi-permeable
column 11 is forced through only the semi-permeable membrane and out of the
column under the atmospheric pressure.

[0025] The inventive concept of the present invention is to provide a sealing
element such that it not only forms a sealed contact surface but also secures a column
in position within the slot of a vlacuum manifold. Based on this inventive concept, a
sealing element can be also positioned on the wall of the slot 143 (shown in Fig. 3)
instead of at the bottom of the slot 143 (shown in Fig. 2). The wall of the slot 143 is
provided with a round groove 147 for receiving a sealing element 125', which can be
an O-ring. When the semi-permeable column 11 is inserted into the slot 143, the
sealing element 125' can guide to sccure it in position, and when a vacuum is applied
to the receiving space 145 of the vacuum manifold 14, air would not flow through
between the semi-permeable column 11 and the sealing element 125" this ensures that

the sample liquid in the semi-permeable column 11 will only be forced through the




and when applying a vacuumto the vacuum mani fold 14 until the
pressure in the first receiving space 111 of the sem -perneable
colum 11 is greater than that of the receiving space 145 of the
vacuum mani fold 14, the first flange 913 of the seni -perneable col um
11 and the sealing element 13 around the second flange 122 of the
adaptor colum 12 will be in a sealed contact. In this scenario, the
at nos phersbx@i-Félmmeen@mﬁaﬁei g 208 otthsf thaopuimnl li1quider the atnlt@pheric

sem - perneable colum 11 will force the sanple liquid to flow out of
t he CO'“%R:%%e Apart fromthe | oosely received and air-seal ed
features adaptor colum 12 has a primary function of preventing

direct copagt Qelueenciis. shoty e)gégmage?&shsn x@fa@mom ol 4 and the

sem - per of-um cross-contam na
resulting fromrepeated use of the s col u 10 291 The
seal i ng éhdidninsqeshbetyweanie sqmirRpr %I? Z a/hhq %Otlrma QBB not

necessarily need to be positioned at the botton1of the slot 143. In
t he four tHig datroatonterpssstvniaminaiicn of thesameligridt 143, sinilar to that
of the second enbodi ment, has a circular groove 147" forned on the
wal |t herf@eX7] AnTBe ﬂdap@r&hﬂpm Seginendy dhethe shagk28™a doturfin, taheé dart lee t he
circul ar groove 147'. \Wen the adaptor columm 12 is positioned into

the sl ot n%,offaﬁ'ﬁ\hﬁﬁ@ﬂlldf@mﬁdeﬂm@m The RlapeRRofRai Bcdhigisddapim@er col um
12 in p05|t|on en vacuumis applied to t he rece|V|ng space 145 of

the vacuysan gl sheddh o £ p8ikdch pBlonPAT e TS %ogﬁhﬁ‘ﬁe?:% dhpgadapt or

col um 1 I'ng e enen nor en t irst Iange

113 of the sem bl olum 11 and th seall and
Lhus t he r?ﬁeqvav%sr@%ﬂf A -ﬁ*e‘iwe@ haS Sreif abgin, by FRPin gt e
forced through the seni -perneabl e nmenbrane 112 and o of the _colum
under t hd23ekssping Fﬂdéalbfr%%F‘éaldlf(fm theytap patiesr y [he ﬁé“%?oljzédf fiffessa of

the present invention are to provide an easily assenbled and

di sassenbésiicrappéingelesehol3 pounkdsicirgubicstrogitsatofs atkhe bstfon podivabl y
secure the colums in position, and to elimnate the di sadvant ages
exi sti ng hhfa khwneoananDs onahe iappatiahets: ofShaadapthrechen i Darstigabl e
colum or the adaptor colum has the advantage of easy insertion into

and renmoyghef bk RG e hfa}neteﬁ B?tlﬁ%@&%ﬂr’% i pREenRABRISNimd mv%uil on can
be used in autonatlc operation by ro bot when noving the colums is

reqU|red he i hvent.i.on r

speci fi c® ys t\%/i\nl' S d A \éelaotrftﬂrll'enﬁlnﬁi tﬁ ﬁ%ggglle;glg{n?gg I(rﬁlﬁet%ﬁlee Cglsugllerpngle of

t he inventi on. %hus,,the ove- ne t|on d.enmbod nent s shouhﬁ

r egar ded SHeh GAHINS ATGPSIMEFC RIETRGK (AR BF FETChinto L 2ARRIT SHP? 12 i
consistent wth the scope of the clains and its equival ents shoul d be
deemed aand &t lqosefywpachied in the sseamdacesivingrerpchy2t Retheadariel humn 1212 -

and that the first flange 113 of the top portion of the semi-permeable column 11 can
rest on the sealing element 13.

{0028] Fig. 4 shows a third embodiment of the present invention. With respect to
the first embodiment, the third embodiment further includes an adaptor column 12.
A sealing element 13 fits around the circumference of the second flange 122 of the
adaptor column 12. The sealing element 13 is preferably a resilient ring. When a
semi-permeable column containing sample liquid is positioned in the adaptor column

12 and the adaptor column 12 is positioned in the slot 143 of the vacuum manifold 14,



What is claimed is 1. An apparatus for securely processing biol ogical
sanpl e, conprising: at | east one sem -perneabl e col um, whereby
the inner portion of which defines a first receiving space, the
bottom of the first receiving space hdk- at | east one sem - perneabl e
menbrane, the top portion of the sem -perneable colum has a first
openi ng, and the bottom of the sem -perneabl e colum has a first

outlet; aaniashuamppBMd OV nuaopid EReumandABRI 14 Deil ikt @edsore infthediisch
defines a receiving space; and a lid covering the base,

conpri si : ;] | e - Ghi whi ch
cé}fug% ggarsc%tlﬁgﬁf ; e Qbmi ?%l?ﬁe%?ﬁaé rrcgthgl}d Eif 3 tgfk%lei HATRLST tRf Whi C

Is slightly e ou He sem - per neabl e

columm, and.the slot ,fo a throu e ate t ereof for

communi catriy ebterie of BeeRol il R TeRr L e dfuBe i oap dber oot of

| east one sealing el enent positioning at the_bott of the,slo and
i Tagrond fhesog W

each of t¥waUHEHPEaRY lWRpht an ﬁ@ﬁﬁﬂ“&ﬁiﬁﬁ%ﬁi grop flange Wher eby
when the sem -pernmeable colum is inserted into the opening at the
cent er ofofitheadptiricalymel Bhwilt be inta sealed lsentaesc ufreldisisaetpeioi thicon, and
when vacuumis applied to the vacuum rmani fold, air would not pass
t hr ough beiegsterit Peesfiire skerting betheasnohpldidquédal the genell- mmaadhle 20lAmn 11
apparatus for securely processing biological sanple, conprising:
will force the sample liquid to flow out of the column 11.  Apart from the loosely
received and air-sealed features, the adaptor column 12 has a primary function of
preventing direct contact between the slot 143 of the vacuum manifold 14 and the
semi-permeable column 11 in order to eliminate cross-contamination resulting from
repeated use of the semi-permeable column.
[0029] The sealing element 125" in the third embodiment shown in Fig. 4 does not
necessarily need to be positioned at the bottom of the slot 143.  In the fourth
embodiment shown in Fig. 5, the slot 143, similar to that of the second embodiment,
has a circular groove 147' formed on the wall thereof.  An O-ring shape sealing
element 125" is fitted to the circular groove 147.  When the adaptor column 12 is
positioned into the slot 143, the sealing element 125" can secure the adaptor column
12 in position. When vacuum is applied to the receiving space 145 of the vacuum
manifold 14, air will not pass through between the adaptor column 12 and the sealing
element 125™ nor between the first flange 113 of the semi-permeable column 11 and
the sealing element 13, and thus the liquid sample in the semi-permeable column 11
will only be forced through the semi-permeable membrane 112 and out of the column

under the atmospheric pressure.

[0036] In summary, the objectives of the present invention are to provide an easily



at | east one sem -perneabl e col um, whereby the inner portion of

whi ch defines a first receiving space, the bottomof the first

recei ving space has at | east one sem -perneabl e nenbrane, the top
portion of the sem -perneabl e col umi thas a first openi ng, and the
bottom of the sem -perneable colum has a first outlet; a vacuum

mani fold, conprises:. - 13 - a base, the interior of which defines a
recei vi ngsssprdes angftisassembled apparatusgor prgceseme biakegied sabpks, tosthr i si ng
at | east one slot, whereby the internal dianeter of which is slightly
| ar ger t Begurt the colitngrs idipasiedieandfo ¢lhminstenhe gicadveabie cddtingm; thend t he
slot forns a through hole the bottomthereof for comunicating with

the receicyhRtisRAGBpRhtub heSiBasBe s@ifpdrichhle tolufinG tRS ad@a o
annul ar groove around the wall thereof; at | east one

seal i ng in. 1 X {1 ' ' r j e at
| east on2&§%ﬁg@§%ﬂ3fggsgggggﬁﬁ%l?ﬂEQ§EFF83$q%ﬂ%ﬂ?F%$i&ﬁﬁgﬁgggs%ﬁe
inner diameter of the sealing elenment is sli.ghtly.snmaller than,the
outer di AerrengprioaRbe ik a5 art g bk o RLI R 19 Higahe
sem - perneabl e colum is inserted into the slot, it can be secured in
posi t i onCoRsihEAuyetbuum i s applied to the vacuum nmanifold, air
woul d not pass through between the sem -perneabl e columm and the
seal i ng ¢003tgnt ThainAantappanatlesbd mnplemeriedinotrroped 8¢ mgybivehogi ca
sanpl e, conpri sing:

departing from the spirit and the essence of the invention. Thus, the

above-mentioned embodiments should be regarded as explanatory and not restrictive.
All changes that remain consistent with the scope of the claims and its equivalents

should be deemed as falling within the scope claimed by the invention.



at | east one sem -perneabl e col um, whereby the inner portion of
which defines a first receiving space, the bottomof the first

recei ving space has at |east one senH per neabl e nenbrane, the top
portion of the sem -perneable colum %as a first opening and a flange
extending radially and outwardly fromthe first opening, and the
bottom of _ the sem -perneabl e colum has a first outlet; at

| east on um, whereby the interior of which defines a
second receiving space, the top portion of which has a second openi ng
and a second fll ande apgarenmdiforgecuadiy airdogsanglbiolagwat sinyplé, comptifiegsecond
openi ng, the bottom portion of which has a second outlet protruding
downwardl y, tbelsbsaors sembherhitableectndn, whidby th€dfieyi RGtiGPa¢evlich
slightly larger than the outer dianeter of the sem -perneabl e col um,

the SeCO'ElE’ﬁﬁésaa”ﬂ@t RaVVRG s%a&eﬂféf%u%ﬁ%f g eLGER N ind 'sﬁatcb 'Hgs £th€£s?%ﬁ@“”d
such that when the sem -perneable is inserted into the ad ap or

col umm, e, LSk Lanag. i b {)gggm?(gh&ﬂ%e SEFPRGnRFAL DG R 2

vacuun1nan| conpri ses: P Rter 0] i‘hes a
receivin ace; coverin e base, conprising
at | east OprG AR %eﬁwétpabﬂ;f “B?\%enP‘rﬂeé‘Pﬁ le gplyrpags g‘fS* ISh i s ol ghtly
| arger than the outer dianeter of the adaptor colum, and the sl ot
forms a t hroughativinemanifeldecayatrisesh t her eof for comunicating with the
recei ving space of the base;

a base, the interior of which defines a receiving space; and

a lid covering the base, comprising at least one slot, whereby the
internal diameter of which is slightly larger than the outer diameter of the
semi-permeable column, and the slot forms a through hole at the bottom thereof for
communicating with the receiving space of the base;

at [east one sealing element positioning at the bottom of the slot, and
each of the sealing elements having an opening at its center, whereby when the
semi-permeable column is inserted into the opening at the center of the sealing
element, it can be secured in position, and when vacuum is applied to the vacuum

manifold, air would not pass through between the first outlet and the sealing element.

2. Anapparatus for securely processing biological sample, comprising:

at least one semi-permeable column, whereby the inner portion of which
defines a first receiving space, the bottom of the first receiving space has at least one
semi-permeable membrane, the top portion of the semi-permeable column has a first
opening, and the bottom of the semi-permeable column has a first outlet;

a vacuum manifold, comprises:




at | east one sealing elenent positioning at the bottom of the slot,
and each of the sealing elenents having an opening at its center,
wher eby when the adaptor colum is in§erted into the opening at the
center of the sealing elenent, it céﬁ be secured in position, and
when vacuumis applied to the vacuum mani fold, air would not pass

t hrough between the second outlet and the sealing elenent, nor

t hrough between t hé Hapedhe infesingel whigh deftnesadesrdvid apacendl ement . 4. An
apparatus for securely processing biological sanple, conprising:

at | east one seni - pehdeabteng deubase, vhrepedyg tthdedshiee shor wiherebgf the
whi ch defines a first receiving space, the bottomof the first

recei vi ngnis@ataelifidsicatofl eagh nelighl -lpgeimead ehdrestdddradtundidie of Offe
portion of the sem -perneable colum has a first opening and a flange

extendi n Qeﬁlﬁg&ﬂ{elafmea&ﬁlmﬁh'%élﬁglr ﬁllle?/slétrt%%}ﬁ Qgthlﬁddgﬁtho@@?rlf@é?&ton? '?ﬁj_eg&?fefor

bottom of the sem -pernea col um has Irst ou

at | east r_.col.umm, .whereb k.nterjor of ich defines a
second r§§@§3%%%8§ égg{ﬁ?ﬁgm?%%gB%F%f%ﬁﬁ%?mﬁhﬁ%ﬁﬁﬁggrigégkgﬁgm%ﬁg%ing
and a secon flangg%pxafndigg ﬁad%ally and outwardly fromthe second
openi ng, APPEMLEPL GBI hevalithsiftfeh has a second outlet protruding
downwardly, the diameter of the second receiving space is slightly

| arger than the outbfeagi entetcalingtlemignt Beilc-shepnelad) ©-ded beng ingseted
second flange having a second sealing elenent fitting therearound
such t hatinteitba at hestsem apaiareaiive drsundnderwdbof ticosldthevhackdptibe inner
colum, the first flange will rest on the second sealing elenent; a

vacuum meknhe@éidot GRNRUA1ISE SlenfenP &S Slighkl) SsrhdMle thaY tRf oY GRANREH | JTeBe @
recei ving space; and
semi-permeable column such that when the semi-permeable column is inserted into
the slot, it can be secured in position, and when vacuum is applied to the vacuum

manifold, air would not pass through between the semi-permeable column and the

sealing element.

3. Anapparatus for securely processing biological sample, comprising:

at least one semi-permeable column, whereby the inner portion of which
defines a first receiving space, the bottom of the first receiving space has at least one
semi-permeable membrane, the top portion of the semi-permeable column has a first
opening and a flange extending radially and outwardly from the first opening, and the
bottom of the semi-permeable column has a first outlet;

at least one adaptor column, whereby the interior of which defines a second
receiving space, the top portion of which has a second opening and a second flange
extending radially and outwardly from the second opening, the bottom portion of

which has a second outlet protruding downwardly, the diameter of the second




a lid covering the base, conprising at |east one slot, whereby the

I nternal dianmeter of which is slightly larger than the outer dianeter
of the adaptor columm, and the slot f,qrnms a through hole at the
bottom t hereof for comrunicating w t'h1 the receiving space of the
base, and further fornms at | east one annul ar groove fornmed on the
wall of the slot; . . at | east one sealing elenment in the
shape of I8$¢10Dg 6 beilightly ees dls thepefer diamster pelis serBieerasakle ar
groove around the wall of the slot, whereby the inner dianmeter of the
seal i ng alobmanthe sscerid iggngk havinak(segont yealingredernent Sttingj therearenndfuchhe
adaptor col umm such that when the adaptor colum is inserted into the
slot, it tharwiea tixeeufi@drhenbiosiiiseaed inddthe\wdaptor@duiim ths figp fhagedvillo

t he vacuum mani fol d, air would not pass through between the adaptor

col um angstthiehsSRabid@aghEdBRtn@nd nor through between the first
fl ange and the second sealing el ement.

a vacuum manifold, comprises:

a base, the interior of which defines a receiving space; and

a lid covering the base, comprising at least one slot, whereby the
internal diameter of which is slightly larger than the outer diameter of the adaptor
column, and the slot forms a through hole at the bottom thereof for communicating
with the receiving space of the base;

at least one sealing element positioning at the bottom of the slot, and
each of the sealing elements having an opening at its center, whereby when the
adaptor column is inserted into the opening at the center of the sealing element, it can
be secured in position, and when vacuum is applied to the vacuum manifold, air
would not pass through between the second outlet and the sealing element, nor

through between the first flange and the second sealing element.

4. An apparatus for securely processing biological sample, comprising:

at least one semi-permeable column, whereby the inner portion of which
defines a first receiving space, the bottom of the first receiving space has at least one
semi-permeable membrane, the top portion of the semi-permeable column has a first
opening and a flange extending radially and outwardly from the first opening, and the

bottom of the semi-permeable column has a first outlet;
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at least one adaptor column, whereby the interior of which defines a second
receiving space, the top portion of which has a second opening and a second flange
extending radially and outwardly from the second opening, the bottom portion of
which has a second outlet protruding downwardly, the diameter of the second
receiving space is slightly larger than the outer diameter of the semi-permeable
column, the second flange having a second sealing element fitting therearound such
that when the semi-permeable is inserted into the adaptor column, the first flange will
rest on the second sealing element;
a vacuum manifold, comprises:

a base, the interior of which defines a receiving space; and

a lid covering the base, comprising at lcast one slot, whereby the
internal diameter of which is slightly larger than the outer diameter of the adaptor
column, and the slot forms a through hole at the bottom thereof for communicating
with the receiving space of the base, and further forms at least one annular groove
formed on the wall of the slot;

at least one sealing element in the shape of an O-ring being inserted
into the at least one annular groove around the wall of the slot, whereby the inner
diameter of the sealing element is slightly smaller than the outer diameter of the
adaptor column such that when the adaptor column is inserted into the slot, it can be
secured in position, and when vacuum is applied to the vacuum manifold, air would
not pass through between the adaptor column and the sealing element and nor through

between the first flange and the second sealing element.




