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Study of Microorganisms’ Viability and Integrity of Structural Sites
of Their DNA, Amplified in PCR After Low-Temperature Storage

under Different Conditions
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[TonmyueHHbIe SKCIIEpUMEHTAJIbHbIEC JaHHbIE CBUIECTEIbCTBYIOT, UTO IIPU HU3KOTEMIIEPATypPHOM KOHCEPBUPOBAHUHU LIUKJINYECKHE
U3MEHEHHs TeMIepaTypbl xpaneHus oT —196 10 —100°C MoryT BbI3bIBATH JOIOJIHUTEIBHYIO THOC> MUKPOOHBIX KJIETOK. B MUKPOOHBIX
KJIETKaX, XpaHUBLIMXCS TP TOCTOSIHHON TEMIIEpaType KUAKOI0 a30Ta U B yCIOBUAX KoJeOaHUs TeMIIepaTypbl XpaHEHUS B YKa3aHHOM
JIMarna3oHe, COXpaHsroTes cTpykrypHbie yaactku JIHK, obecneunBaromue aMmiindukaiuio B moguMepasHoit nenHoi peakmuuu (IT1P)

crieruduyecknx pparMeHToB.

Knrouesvie cnosa: Mukpoopranusmsel, kpuokoncepsuposanue, JJTHK, TTLP.

OpnepxaHi eKCIIEPUMEHTAIBHI JIaHi CBIAYaTh, 1110 HUKIIYHI 3MiHH TemIiepatypu 30epiranss Bix—196 1o —100°C MoKy Th BUKIUKATH
JOAATKOBY 3aru0eIb KIIITHH MiKpoOiB. Y MIKpOOHUX KIIITHHAX, K1 30epirajinuchk Npy NOCTIHHII TeMneparypi piIkoro a3oTy i B yMoBax
KOJINBaHHS TeMIIepaTypu 30epiraHHs B 3a3HaYCHOMY Jiama3oHi, 30epiratoThcsi cTpykTypHi ninsaku JHK, mo 3abe3nedyrors
amIuTiikamio B MOMiMEpa3Hiid JTaHIIOTOBIH peakuii cienupivHuX GpparMeHTiB.

Knruoei cnosa: mikpoopranizmu, kpiokoncepsysanss, JJHK, ITLIP.

The obtained experimental data testify to the fact that under low temperature preservation the cyclic changes in storage temperature
from —196 to —100°C can result in additional death of microbial cells. In microbial cells, stored under liquid nitrogen constant
temperature and under conditions of storage temperature variation within the mentioned range, there are preserved the DNA structural
sites, providing the amplification in polymerase chain reaction (PCR) of specific fragments.

Key words: microorganisms, cryopreservation, DNA, PCR.

OnpIT 3KCIUTyaTaIi HU3KOTEMIIePaTyPHBIX OAaHKOB
Ouonornyecknx OOBEKTOB MOKA3bIBAET, YTO IPHU
WCIIOJIB30BAaHUN JKHJIKOTO a30Ta KaK KPHOTEHHOTO
HOCHUTENSI TPYIHO M30eKaTh N3MEHEHNUH €ro YpOBHS B
XPaHWINIIAX, YTO MOXKET MPUBOAMUTH K KOJIEOAHUAM
TeMIIepaTypsl XpaHeHus. Bompoc o Bo3MokHOCTH
BO3HUKHOBEHHMS! Pa3JIMYHBIX OBPEKACHUI B OMOIIOTH-
YeCKUX O0BEKTAX B MPOLIECCE UX XPAHEHHUS IIPU HU3KHX
TeMIlepaTypax A0 HACTOSIIETO BPEMEHHU OCTAETCs
OTKPBITBIM.

B cBs3u ¢ BbIIECKa3aHHBIM HAaMH IPOBEJEHBI
HCCIEAOBAHUS 10 M3YUYECHHIO KU3HECIOCOOHOCTH
MHKPOOPTAaHU3MOB M COXPAaHHOCTH CTPYKTYPHBIX
yuactkoB ux JIHK, ammmduimpyemsix B [P, mocrne
HU3KOTEMITEPATyPHOTO XPaHEHUsI TPH TTOCTOSHHOW U
M3MEHSIOMIEHCS TeMIIeparypax XpaHeHHs.

Matepunanbl u meToAbI

OO0beKTaMH HCCIIEN0BAaHUs ObUIM KIIMHHYECKHE
U30JITHl OakTepuil Streptococcus pyogenes u
acnioporeHHbIX npoxokedt Candida albicans, uaentu-
(burmpoBaHHBIE 110 MOP(HOIOTUIECKUM, KYJIBTYPHBIM,

The exploitation experience in low temperature
banks of biological objects shows, that when using
liquid nitrogen as a cryogenic carrier it is difficult to
avoid the changes in its level in the storehouses, that
can result in storage temperature changes. The question
on a possible appearance of different damages in
biological objects has remained open.

Owing to the mentioned above we carried-out the
investigations on studying the microorganisms’
viability and integrity of structural sites of their DNA,
amplified in PCR after low temperature storage under
constant and changing storage temperatures.

Materials and methods

The objects for investigations were clinical isolates
of Streptococcus pyogenes bacteria and Candida
albicans asporogenous yeasts, identified by morpho-
logical, cultural, biochemical and serological
properties at the Chair of Clinical Microbiology and
Immunology of Kharkov Medical Academy of Post-
Diploma Education of the Ministry of Health Care of
Ukraine. Genetically isolated strains were identified
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OMOXMMHWYECKUM M CEPOJIOTUYECKHM CBOWCTBAM Ha
Kadenpe KIMHUIECKOH MUKPOOHOIOTHH i IMMYHOJIO-
run XMAIIO MO3 Ykpaunsl. [eHeTndeckyro UIeHTH-
(UKauMIO BBIJCICHHBIX IITAMMOB MPOBOIMIH C
niomorpto [P va 6a3e OO0 “Bupona” (1. XapbKkoB).

baxrepun S. pyogenes BoipamuBanu npu 37°C B
tedeHne 40 4 Ha KpoBsiHOM arape [1] B arMocdepe ¢
nosbleHHbM conepxkanueM CO,, rpudst C. albicans—
mpu 22°C u B TeueHne 48 4 Ha arapu30BaHHON cpere
Cabypo [1]. CmpIBaIIT MUKPOOHBIE KJIETKU C arapu3u-
POBaHHBIX cpen GuznonorndeckrM pacteopom NaCl u
Msco-rienToHHbIM OyimboHoM (MIIB) [1]. B xauecTse
KpHuormporekropa ucnons3osamn JIMCO (“Maxpoxu-
mus”’, Poccnst) B koHeuHOW KoHIIeHTparmmu 5%. Bpems
IKBHIMOpau MUKpoopranu3MoB ¢ JIMCO — 10 muH.

CycneH3nn MUKpOOpPraHU3MOB BHOCHIIM 11O 1 MJT B
kpuonpooupku “Nunc” (I'epmanust) ¢ pabourM 00beMoM
1 M. OGpasupl 3aMOpaKMBaIM MOTPYKEHUEM KPHO-
npoOUpPoOK B KUAKUHN a30T KoHTpoabHBIE 00pa3Ibl
XPaHUIIH MOTPYKEHHBIMHU B KMAKUH a30T B TEYEHHE 2-X
HEJIEIb, OTBITHBIE — B YCIOBHUAX IUKINIECKN HU3MEHSIO-
ielcst Temreparypbl XpaneHus. OMH IUKIT COCTOSI U3
XpaHeHHs B TEUeHHE § U B Mapax >KUAKOTO a30Ta Mpu
temneparype—100°C u B Teuerne 16 14— B )KHIKOM a30Te.
CoxpaHHOCTh MUKPOOPTaHU3MOB HccieoBai rmocie 10
LUKIJIOB M3MEHEHHs TeMIieparypbl xpaneHus. Ororpe-
BayI 00pa3Libl Ha BojsiHOM Gane nipu 30°C. XKuznecro-
COOHOCTb MHUKPOOOB OLICHMBAJIM YAIICYHBIM METOIOM
Koxa o cnocoOHOCTH 00pa30BbIBaTh MAKPOKOJIOHUH Ha
arapu3oBaHHbIX cpefax [2]. CoxpaHHOCTb CTPYKTYpbI
yuactrkoB JJHK, ciyskammx marpuiaMu 1uist aMiuiagu-
karyu B [TLIP [3], n3y4anu B COOTBETCTBUM C MHCTPYK-
LUSMH IO IPUMEHEHHIO HAaOOPOB U1l aMILTH(UKALHH.
B uccrenoBaHusAx WCIIONB30BATH HAOOPHI “AMITITH
Cenc-50 Streptococcus species” n “Amrmm Cernc-50
Candida albicans-500" (LleHTpanbHBIH HHCTUTYT
srmaemuonorun M3 Poccru, MockBa). JimiHa y4acTkoB
JHK nms ammmdukanmm cierpdruaeckix pparMeHToB
cocTaBismia s S.pyogenes 763 mapbl HYKICOTHIOB
(1m.H.) pubOCOMANBPHOTO T'€HA CTPENTOKOKKOB, IS
C. albicans — 500 n.u. IHK C. albicans. Ammin-
(ukarmro npoBomin B aMmrmudukarope “Tepuuk”
(IHK Texnonorus, Poccusi). AHanu3 npoaykToB
aMIUIMGUKALUN TPOU3BOAMIMN 1O CTaHAAPTHBIM
nporokoiam paszaeneaueM ¢pparmentos JHK B 2%-m
arapo3HOM Tejie ¢ MOCIeAYyoEeNd OlEeHKOW B TpaHC-
minmromuHaTope “@mockan” (Pocens) [5].

CratucTHIecKyt0 00padOTKy MOTyUYEeHHBIX Pe3yilhb-
TaTOB MPOBOAMINA 10 OOMIETIPUHATHIM B OMOJIOTHUU
meronam [4].

Pe3yAbTaTtbl n 00CyxAeHHe

Bbu10 ycTaHoBIEHO, YTO B IPOLIECCE KPUOKOHCEP-
BHUPOBaHMS YacTb MUKPOOHBIX KJIETOK Iorudana Ha
JTame 3aMopaxuBaHus-oTorpeBa (Tabn. 1,2).
Hobasnenue B cpeny koHcepBuposanus IMCO
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by PCR at the “Virola” Ltd. (Kharkov).

S. pyogenes bacteria were cultured at 37°C during
40 hrs on blood agar [1] in the atmosphere with an
increased CO, content, C. albicans fungi were cultured
at 22°C during 48 hrs on the Saburo agarised media
[1].

Microbial cells were washed-out from agarised
media with NaCl physiological solution and meat-
pentone broth (MPB) [1]. DMSO (“Makrokhimiya”,
Russia) under final 5% concentration was used as a
cryoprotectant. Suspensions of microorganisms were
introduced by 1 ml in the “Nunc” (Germany) cryotubes
with 1 ml operating volume. The samples were frozen
by means of cryotube immersion into liquid nitrogen.
The control samples were stored immersed in liquid
nitrogen during 2 weeks, as for the experimental ones,
they were stored under conditions of cyclic changes
in storage temperature. One cycle comprised the
storage for 8 hrs in vapours of liquid nitrogen at the
temperature of —100°C and during 16 hrs in liquid
nitrogen. The integrity of microorganisms was
examined after 10 cycles of the change in storage
temperature. The samples were thawed on water bath
at 30°C.

The viability of microbes was estimated using the
Koch plate method by the capability to form
macrocolonies on the agarised media [2]. The structure
integrity of DNA sites, being the matrix for amplifi-
cation in PCR [3], was studied according to the
application instructions of the kits for amplification.
In the investigations we used the “Ampli Sens-50
Streptococcus species” and “Ampli Sens-50 Candida
Albicans-500 kits (Central Institute of Epidemiology
of the Ministry of Health Care of Russia, Moscow).
The length of DNA sites for amplifying specific
fragments made for S. pyogenes 763 pairs of
nucleotides (p.n.) of ribosomal gene of streptococcus,
500 p.n. DNA C. albicans for C. albicans. The
amplification was carried-out in “Tertsik”” amplificator
(DNA technology, Russia). The analysis of amplifi-
cation products was performed by the standard
protocols using the separation of DNA fragments in
2% agarose gel with following estimation in the
transilluminator “Fluskan” (Russia) [5].

Statistical processing of the results obtained was
done according to the routinely accepted methods in
biology [4].

Results and discussion

It was established that during the process of
cryopreservation a part of microbial cells died at the
stage of freeze-thawing (Table 1, 2). The DMSO
adding into the medium of preservation statistically
increased the number of viable cells. After the frozen
samples storage in liquid nitrogen their number did
not change. The storage under conditions of cyclic
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Taéauna 1. )KuzHecrnocoOHOCTh 1 coxpaHHOCTh amiutuduirpyemoro B [P yuactka JIHK npoxokeit Candida albicans

TOCJIC XpaHCHUS B ) KUJIKOM a30TC U 10 HWKJIOB U3MCHCHU TEMIICPATYPbl XPAHCHU

Table 1. Viability and integrity of the amplified in PCR DNA site of C. albicans yeasts after storage in liquid nitrogen

and 10 ¢

ycles of the change in storage temperature

Cpepa
KOHCEPBUPOBAHUS
Preservation medium

YcAOBUS 3KCIIEpUMEHTa
Experiment conditions

KoanuecrBo
KOE/MA X=*=SX
Number of

CFU/ml
X +=SX

YPOBEHBb AOBEPUTEABHOM BEPOSITHOCTH MEKAY
CpepAHMMHU 3HAYeHUSIMU
Level of confidence probability between the mean
values

nocae
KPATKOBPEMEHHOTO
3aMOpPa’>kKuBaHUA U
XPpaHeHUs BPAa3HbIX
YCAOBUSIX
after short—term
freezing and storage
under different
conditions

AO 3aMOPaKMBAHUSA U

B APYTHX BapuaHTax

before freezing and in
other variants

Haanuwne (+) nan
oTCcyTCcTBHE (—)
CHHTEe3a aMIATKOHOB
Presence (+) or
absence (—) of
amplicon synthesis

MITb
MPB

A0 3aMOpa’kKMBaHUS
Before freezing

(1,45£0,4)x10

KpaTKoBpeMeHHOe
3aMOpaKUBaHMe
Short—term
freezing

(1,55%0,4)x10 8

<0,05 -

XpaHeHue BKUAKOM
asore
Storage in liquid nitrogen

(1,55=0,5)x10 ®

<0,05 0,05

10 TUKAOB M3MEHEHUs
TeMIepaTyphl XpaHeHUs
10 cycles of the storage
temperature change

(6,0=0,4)x107

<0,05 <0,05

MITB + 5% AMCO
MPB+ 5% DMSO

A0 3aMOpa’kKMBaHUS
Before freezing

(2,4=0,3)x10°

KpaTkoBpemenHOe
3aMOpa’KUBaHKUe
Short—term
freezing

(5,5=0,4)x10°

<0,05 -

XpaneHue B>KUAKOM
asore
Storage in liquid nitrogen

(5,2£0,3)x10°

<0,05 0,05

10 IIMKAOB M3MEHeHUs.
TeMIlepaTypbl XpaHEeHUs!
10 cycles of the storage
temperature change

(2,3%0,4)x10°

<0,05 <0,05

Du3morOruUYecKu it
pacTBop
Physiologi cal
solution

A0 3aMOpa’kMBaHUS
Before freezing

(6,0=0,3)x10°

KparkoBpemeHHOe
3aMOpa’KUBaHUe
Short—term
freezing

(2,5=0,5)x107

<0,05 —

XpaHeHue B3KUAKOM
asore
Storage in liquid nitrogen

(2,5=0,4)x107

<0,05 0,05

10 IIMKAOB M3MEHeHUs.
TeMIlepaTyphbl XpaHeHUs!
10 cycles of the storage
temperature change

(0,9=0,3)x107

<0,05 <0,05

DU3NOAOTHIECKU T
pactBop + 5% AMCO
Physiologi cal
solution + 5% DMSO

Ao 3aMOpa’kKuBaHUSA
Before freezing

(2,0=0,4)x10°

KparkoBpemennoe
3aMOpaKUBaHUe
Short— term freezing

(5,1%0,4)x107

<0,05 -

XpaHeHue BIKHUAKOM
asore
Storage in liquid nitrogen

(5,0=0,5)x107

<0,05 0,05

10 IUKAOB M3MEHEeHUs.
TeMIIepaTypbl XpaHeHUsI
10 cycles of the storage
temperature change

(2,9£0,3)x107

<0,05 <0,05

Yca0BHBIE 0003HAYEHHSI: X — CPEIHEE apU(PMETHIECKOE; SX — Cpe/IHEE KBaIPATHUECKOE OTKIIOHEHHE.
Legends: X — arithmetic mean; SX — standard deviation.
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Taoauna 2. )Ku3zHecrnocoOHOCTh U coxpaHHOCTh amiutuduipyemoro B [P yuyactka JIHK Gakrepwii S. pyogenes

TOCJIC XpaHCHUS B JKUJIKOM a30TC U 10 IUKJIOB UBMCHCHUA TCMIICPATYPbI XPAHCHUA

Table 2. Viability and integrity of the amplified in PCR DNA site of S. pyogenes bacteria after storage in liquid
nitrogen and 10 cycles of the change in storage temperature

Cpepa
KOHCEPBUPOBAHUSA
Preservation medium

YcaroBus dKCIIepUMeHTa
Experiment conditions

KoanuectBo
KOE/MA X=*=SX
Number of

CFU/ml
X *=SX

YpOBeHb AOBEPUTEABHOU BEPOSTHOCTH MEXAY

CpEeAHUMU 3HAYEHUSAMU

Level of confidence probability between the mean

values

AO 3aMOPa’KUBAHUA U
BADYTHX BapUaHTax
before freezing and in
other variants

ocAe
KPaTKOBPEMEHHOTO
3aMOpPaKUBaHUS U
XpaHeHusI BPAa3HbIX
YCAOBUSIX
after short—term
freezing and storage
under different
conditions

Haanuwne (+) uan
oTCcyTCcTBUE (—)
CHHTe3a aMIIAMKOHOB
Presence (+) or
absence (—) of
amplicon synthesis

MITb
MPB

A0 3aMOpa’kUBaHUs
Before freezing

(7,0%0,4)x10°

KpaTkoBpemeHHOEe
3aMOpaKUBaHUe
Short—term
freezing

(4,0%0,3)x10°

<0,05

XpaHeHHe BKUAKOM
asore
Storage in liquid nitrogen

(3,75£0,5)x10°

<0,05

0,05

10 TUKAOB U3MEHEHUS
TeMIlepaTyphbl XpaHeHUs!
10 cycles of the storage
temperature change

(8,0=0,4)x107

<0,05

<0,05

MIIB + 5% AMCO
MPB+ 5% DMSO

A0 3aMOpaKUBaHUST
Before freezing

(9,4%0,5)x10°

KpaTkoBpeMmennoe
3aMOpa’kKUBaHUe
Short—term
freezing

(1,55%0,40) x10°

<0,05

XpaHeHue BJKUAKOM
asore
Storage in liquid nitrogen

(2,0%0,5)x10°

<0,05

0,05

10 TUKAOB M3MEHEHUS
TeMIIepaTyphl XPaHEeHUs
10 cycles of the storage
temperature change

(7,0=0,3)x10°

<0,05

<0,05

DU3NOANOTUIECKUI
pacTBop
Physiologi cal
solution

A0 3aMOpa’kUBaHUS
Before freezing

(5,6=0,3)x10°

KpaTkoBpemenHOe
3aMOpaKUBaHUe
Short—term
freezing

(6,0=0,4)x107

<0,05

XpaHeHHe BKUAKOM
asore
Storage in liquid nitrogen

(5,7%0,5)x107

<0,05

0,05

10 IIUKAOB M3MEHEeHUs.
TeMIepaTypbl XpaHeHUs
10 cycles of the storage
temperature change

(9,0=0,4)x10°

<0,05

<0,05

Du3NOAOTUIECKHUI
pactBop + 5% AMCO
Physiologi cal
solution + 5% DMSO

A0 3aMOpaKUBaHUS
Before freezing

(8,5%0,3)x10°

KparkoBpeMenHoe
3aMOpa’KUBaHKUe
Short— term freezing

(9,4%0,3)x10°

<0,05

XpaHeHUe BKUAKOM
asore
Storage in liquid nitrogen

(9,10,4)x10°

<0,05

0,05

10 IIMKAOB M3MEHeHUs.
TeMIIepaTyphbl XpaHeHUusI
10 cycles of the storage
temperature change

(2,1 %0,4)x10°

<0,05

<0,05

YeaoBHbIE 0003HAYEHHST: X — CPEIHEE apU(PMETHIECKOE; SX — cpe/iHee KBaIparnuecKoe OTKIIOHEHHE.
Legends: X — arithmetic mean; SX — standard deviation.
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JIOCTOBEPHO TOBBIMIATI0 KOJINYECTBO JKU3HECTIOCO0-
HBIX KJIeTOK. [Tocie XpaHEeHUs] 3aMOpPOKEHHBIX
00pa3moB B KUJIKOM a30T€ UX KOJIMYECTBO HE
HU3MEHSUIOCh. XpaHEHUE B YCIOBHSIX LUKINYECKH
M3MEHSIONIEHCS TeMIIepaTypbl B yKa3aHHOM BBIIIIE
Jyana3oHe MPUBOAMIO K JAONOJHUTEIBHON rubdenu
KIeToK. Hanmuune B KOHCepBUpYIOILEH cpeae KpHo-
npotekropa IMCO u B 3TOM cirydae obecreyuBaio
0oJee BBICOKYIO COXPAaHHOCTHh KOJWYECTBA JKM3HE-
CIIOCOOHBIX KJIETOK.

ITpu moctanoBke [1LIP ¢ 6Gaktepusmu S.pyogenes u
npoxokamu C. albicans, XpaHUBITAMUCS B PA3THIHBIX
KOHCEPBUPYOIIUX CPEAax MPH IMOCTOSTHHON TeMITepa-
Type KHUJKOTO a30Ta U B YCJIOBHSX TEMIIEPaTyphI,
HUKJINYECKU H3MeHsromencs oT —196 no —100°C,
MTOJTyY€HbI COOTBETCTBYIOIINE AMILTU(UITUPOBAHHBIC
cneunpuieckre GparMeHTHI.

BbiBOABI

[IpencraBnenHsle pe3ysibTaThl UCCIEAOBAHUIM
MTOKa3bIBAOT, YTO B TIPOIECCE KPHOKOHCEPBUPOBAHUS
rudeab MUKPOOHBIX KJIETOK MOXKET MPOUCXOIUTH HE
TOJILKO Ha dTanax 3aMOpakuBaHUsA-0TOTPEBA, HO M Ha
JTarne XpaHEeHUs NPU UUKINYECKOM H3MEHEHUHU
Temneparypsl xpanerus ot —196 1o —100°C. Hanmune
B Cpele KOHCepBHpOBaHUA Kpuornporekropa JMCO
yMEHBIIAET MOBpeXKIatouee aecTeue GU3NKO-
XUMHYECKUX (aKTOPOB, MPUBOISIIINX K THOEIH
MHKPOOHBIX KJIETOK BO BpeMs 3aMOpaKMBaHUS-
OTOTpEBa U IIPY XPAaHEHUH B YCIOBHUSIX M3MEHSIOIICHCS
Temnepatypsl. B MUKpOOHBIX KJE€TKax, IMOJBEp-
raBIIMXCS 3aMoOpaxkuBaHHIO 10 —196°C, XxpaHeHUIO
pU TEMIIepaType *XUIKOTO a30Ta U KOJIeOaHUIO
Temneparypsl xpanenus ot —196 no —100°C, coxpa-
HAIOTCA cTpyKTypHBble yuacTku JJHK, obecme-
guBatomue amruudukamuio B [P cenndraecknx
(bparmeHTOB.
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changes in temperature at the mentioned above range
resulted in the additional cell death. The presence in a
preserving medium of DMSO cryoprotectant provided
a higher integrity of viable cell number in this case as
well.

When performing the PCR with S. pyogenes
bacteria and C. albicans yeasts, stored in different
preserving media at a constant temperature of liquid
nitrogen and under conditions of cyclic changes in
temperature from —196 to —100°C, the corresponding
amplified specific fragments were obtained.

Conclusions

Thus, the presented results of investigations
demonstrate, that during cryopreservation the death
of microbial cells can occur not only at the stages of
freeze-thawing, but at that of storage at a cyclic change
in storage temperature from —196 to —100°C. The
presence of DMSO cryoprotectant in the preservation
medium reduces the damaging effect of physical and
chemical factors, resulting in a death of microbial cells
during freeze-thawing and at the storage under
changing temperature conditions. In microbial cells,
subjected to freezing down to —196°C, to storage at
the temperature of liquid nitrogen and to temperature
change from —196 to —100°C, there are kept the DNA
structural sites, providing the amplification in PCR of
specific fragments.
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