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Abstract: Problem statement: Hyaluronidase is an enzyme which catalyze hydrslg$iHyaluronan
(HA). Hyaluronan is important in cell migration dug embryonic development, cellular proliferation
and differentiation and has a structural role imrextive tissues. Hyaluronidase deficiency is
correlated with mucopolysaccharidosis IX. In humbagaluronidase is encoded by HYAL1 gene.
The mutation study of HYAL1 gene was carried outrbgny researchers, but until now, mutation
study of HYALZ1 still in progress and limited due the lack of primer used in amplification of
selected DNA sequence of HYAL1 gene and maximumgtlenliimitation imposed by DNA
sequencer.Approach: The search for three pairs of primers for humamned segmented
amplification of HYAL1 gene was conducted and ewatdd. The first step was to acquire HYAL1
gene sequence and then had it aligned with humamasome 3 genomic contig sequence. Exon 1 of
HYAL1 gene was found to be located at nt 201-17flthe acquired human chromosome 3 genomic
contig. Online Primer3 program was used to dedigeet pairs of primers. The selected pairs of primer
had been subjected to BLASTn operation for selggtexamination while onlineNetPrimer operation
was carried out for examination of secondary stmgst Results: The search for primers to amplify
three different fragments of exon 1 of HYAL1 gerielged three selected pairs of primers, namely
forward primer 5-TGACCCCCTACAAAAGCTCA-3' (20 bp) ral reverse primer 5'-
AAGTCTCCGATTCCCCCACT-3' (20 bp) for amplifying nt-851 of HYAL1 gene, forward primer
5-AGTCCTGTGGGAGATGGCAGA-3’ (21 bp) and reverse mier 5'-
CGGTAAATGTCCTTGGTGTCC-3" (21 bp) for amplifying nB55-1053 of HYAL1 gene and
forward primer 5-GCCATACCTGCTCCTGACTT-3' (20 bp) nd reverse primer 5'-
ACAAGGTGGGCAGGTTACAG-3' (20 bp) for amplifying nt36-1511 of HYAL1 gene. When
using these primers, nt 1-46 of amplified produtttlee first pair of primers and nt 555-584 of
amplified product of the third pair of primers musit be considered because those are not parbaf ex
1 of HYALL gene. The results from both operatiomsl drial to real samples using these primers
indicated that all three pairs of primer were datitory for useConclusion/Recommendations: The
three pairs of primers could be used to amplifyc#feel segments of HYAL1 gene.
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INTRODUCTION invation (Chaoet al., 2007; Simpson and Lokeshwar,
2007; Wanget al., 2008), angiogenesis (Cha&bal.,

Hyaluronan (HA) is a negatively charged 2007; Liu et al.,, 1996) and inflammatory responses
glycosaminoglycan with high molecular weight and an(Chao et al., 2007). Human HYAL1 is a lysosomal
important extracellular matrix component. It cohsis enzyme responsible for the hydrolysis of intradalu
repeating units of disaccharide and does not comtay HA and is also detected in the plasma and urine
sulfate functional group (Stern, 2004). It is foumd (Csokaet al., 1998). Increased expression of HYAL1
connective tissues, epidermis, cartilage, synofiiadl mRNA and higher levels of HYAL1 are linked to the
and is available throughout the rapid regeneratibn human genetic disorder mucopolysaccharidosis X
tissue (Froskt al., 1997). HA serves as a joint lubricant (Barbaraet al., 1999).
and is also implicated in cell proliferation, Hyaluronan is locally catabolized. Internal
differentiation, cell-cell recognition, tumor grdwand  degradation occurs after endocytosis and then
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immediately followed up with catalytic process by conducted to the best candidate pair of primemsaich
hyaluronidase enzyme (EC3.2.1.35) (Barbataal., of the partially overlapping sequences of exon 1 of
1999). Hyaluronidase may be divided into twoHYAL1 gene by accessing
categories, each consisting of three members. iféte f http://www.ncbi.nlm.nih.gov/BLAST/blast.cgi. This
group is located in chromosome 3p21.3 consisting obperation was to examine the candidates pair ofigng
HYAL1, HYAL2 and HYAL3 gene (Barbarat al., for homological similarity with other genes in the
1999), while the other is located in chromosomel7g3 GenBank.
consisting of HYAL4, SPAM1 and HYALP1 gene. In In addition to BLASTn operation, the primers were
human genome, HYALL1 is divided into three exons ancexamined for secondary structures by using online
extends to a size of 3.7 kb. NetPrimer provided by Premier Biosoft. This opemati
Among hyaluronidase encoding gene, HYAL1 is examined the primers for secondary structures ssch
the first to be ever isolated and characeeriz hairpin, dimer, cross dimer, palindrome, repeat and
(Frostet al., 1997; Laurentt al., 1995). This was done runs. The selected pairs of primers were that whanth
by purifying hyaluronidase from human plasma andthe least secondary structures, or none at all.
having its amino acid sequence matched with a
particular cDNA in Expressed Sequence Tag (ESTBlood sampling: Blood samples from 3 healthy
database. It was then cloned, sequenced and eggressindividuals at the age range of 20-30 yearswere
This 57 kDa acid-active enzyme comprises a singleollected at Central Operation Installation andi&eid
polypeptide chain of 49 kDa with an additional 8akD Ophthalmology division of RSUPNCM, Faculty of
added by post-translational glycosylation. It isMedicine University of Indonesia. Healthy individsia
approximately 40% identical to the sperm-specificwere screened as not suffering from any diseaseglur
hyaluronidase PH-20 (Frostal., 1997). blood sampling. Blood sampling were executed by
Mutations of HYAL1 related to carrying out intravenous injection using a terumo
mucopolysaccharidosis IX has been studied by usingyringe with a 23G needle attached to a vaccutainer
several sense and antisense primers used faontaining 2 cc volume of EDTA as anticoagulante Th
amplification of fragments of HYAL1 (Barbara al.,  vaccutainers containing the blood samples were then
1999). placed into an icebox. The blood samples were rithe
Amplification of human exon 1 of HYALL1 gene used as prepared or stored in refrigerator forater|
was using only one pair of primers, it is impossifdr ~ than 7 days prior to usage (Lachaidl., 2000).
having more, due to DNA sequencer length limitation
Some studies (Afifyet al., 1993) show that designing Preparation of DNA solutions. DNA isolation from
another of primers was important in order to caber these blood samples were performed with
complete sequence of exon 1 of HYALL gene. The ainWizard®Genomic DNA Purification Kit consisted of
of this study was to search and design primersahat cell lysis solution, nucleic lysis solution, pratei
be used to amplify fragment exon 1 of HYAL1 gene inprecipitation, DNA rehydration and RNAse (10 mg L
humans as an additional information to complete thé'he steps of DNA isolation were carried out acangdi
result from previous-studies (Barbatal., 1999). to manufacturer’s instruction (Kiwt al., 2009).

MATERIALSAND METHODS Dilution of primers: Each and every primer was
diluted to a volume of 100L, where 1uL of the primer
Design and evaluation of primers. Complete human solution will represent a primer amount of 20 pnfebr
HYAL1 gene sequence was acquired from the website ahe first pair of primer, 1L of forward primer 5'-
National Centre for Biotechnology Information (NGBI GACCCCCTACAAAAGCTCA-3' (20 bp) was diluted
(http://mww.ncbi.nlm.nih.gov.). The search for HYAL with 89 uL ddH,O and 12.4iL of reverse primer 5'-
gene DNA sequence of human chromosome 3 genom@AGTCTCCGATTCCCCCACT-3' (20 bp) diluted
contig was also conducted. The exact location oAHY  with 89.51 L ddH,O. For the second pair of primer,
gene in human was determined by aligning HYAL1 gene9.1 uL of forward primer 5-AGT
with human chromosome 3 genome contig. Analysis waSCTGTGGGAGATGGCAGA-3' (21 bp) diluted with
immediately directed on exon 1 of HYAL1 gene. Prime 90.9 uL ddH,O and 9.74uL reverse primer 5'-
candidates in three partially overlapping sequerafes CGGTAAATGTCCTTGGTGTCC-3' (21 bp) was
exon 1 of HYAL1 gene were thoroughly searched usingliluted with 90.26uL ddH,O. For the third pair of
online primer3 accessed at http://frodo.wi.mit.edi/  primer, 6.6 puL of forward primer 5'-
bin/primer3/primer3_www.cgi. BLASTn operation was GCCATACCTGCTCCTGACTT-3' (20 bp) diluted
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with 93.4uL ddH,O and 8.78.L of reverse primer 5’- promptly photographed using a Polaroid camera
ACAAGGTGGGCAGGTTACAG-3' (20 bp) diluted (Shuttleworthet al., 2002).
with 91.22uL ddH,0.
RESULTS
PCR amplification: The amplification process utilized

the Thermocycler Perkin Elmer GeneAmp® PCR By accessing http://www.ncbi.nim.nih.gov,
System 9700 and components from PromegaPCR Co®mplete sequence of Homo sapiens
systems. Mixture amounting to 30 in an eppendof Hyaluroglucosaminidase-1 (HYAL1) gene, 3679 bp in
tube of 0.2 mL consisted of MgCLL.5 mM (3 puL), size, was acquired by the Gene Identifier code of
MgCl,-free buffer solution of thermophilic DNA 2314819 (Fig. 1).

polimerase reaction (for 10 reactions) (&), PCR By following the same process, incomplete
Nucleotide Mix 200uM (1 uL) and 20 pmol of forward sequence of chromosome 3 genome contig, 3912 bp in
and reverse primer (@iL). size, which was the estimated locus of HYAL1 geme i

Later, Tag DNA polymerase 1.25 U (0.2&), human, was acquired by the Gene Identifier code of
1650-15300 ng (1RmL) of DNA template and sterile of 51464027 (Fig. 1).
ddH,0O (23.75uL) were then added to the mixture to a In order to find the exact location of HYAL1 gene
final volume of 50uL. The whole process was carried in human chromosome 3-genomecontig, BLAST of
out in an ice bath. The cold mixture was then pfaice  nucleotide (BLASTnN) operation was conducted to both
PCR equipment that had been preconditioned foHYAL1 gene and chromosome 3-genome contig. The
15 min. Then, exon 1 fragment amplification of result determined that HYAL1 gene is embedded &to
HYAL1 was allowed to proceed. At the initial step 0 exons in human chromosome 3-genome contig. With
the process, strains of DNA were allowed to defieur respect to this incomplete chromosome 3 genome
at 95°C for 5 min, after which the first cycle ofegy  contig acquired at the website of NCBI, the firsbe is
step denaturation was carried out for only 1 mithat embedded in nt 1-107 (exon 1a) and 593-1516 (exon
same temperature. Throughout the process, DNAD), the second exon is in nt 2496-2585, whiletlfiel

annealing was carried out at lowered temperature of in nt 2773-3679 (Fig. 2). This study will focas
62°C for 1 min and was immediately followed by DNA exon 1 of HYAL1 gene.

extension for 1 min at 72°C. The whole process was |n order to search three pairs of primers for
carried out for 35 cycles. In end of the processha  amplifying whole sequence of exon 1 of HYAL1 gene
35th cycle, DNA extension was carried out for 7 min jn humans, three partially overlapping sequence of
after which othe temperature of mixture was thenchromosome 3 genome contig were selected, namely
dropped to 4°C. nt 121-840, 541-1380 and 781-1920 (Fig. 3) of

. ! . chromosome 3 genomic contig. These sequences were
Electrophoresis on PCR products. Electrophoresis made overlapping in order to cover all of HYAL1 gen

was carried out using Mini DNA Electrophoresis and to anticipate mutations in annealing regioromé
integrated with Biorad Power Supply (model 200/2.0) of the three pairs of primers, ie., the HYALL gene

Agarose gel 2% was used. This was prepared by gddin equence was not apriori considered to be conserved
to 1 g of agarose powder, 50 mL of TAE 1X prepareaS q P

by addlng 980 mL of ddt@ to 20 mL of TAE 50X. Chromosome 3 genomic contig (31 51464027 ,
The mixture was heated in a microwave and was later >3 ol
cooled to a temperature of 60°C and addedpl. ®f | HYALL gene (GT 2314319) ,
etidium bromide. The liquid mixture was then poured 1 250-,3

into a cast, which contained a comb-like structiitee

liguid mixture in the cast was allowed for coolidgwn  Fig. 1: HYAL1 gene and human chromosome genomic
to room temperature. After the agarose gel of 2% wa contig

ready for use, L of PCR product mixed with tracking

dye (0.25% blue bromophenol, cyanolxylene, sucrose 201 1711 2655 e 2961 3873
(4% b/v)) was loaded to the electrophoresis apparat = } } H i }
well. Separation of PCR product was carried out by eon 1 feon?  Exon3

subjecting the apparatus to a 90 volt of valtégy |

45 min with the cathode was positioned near thd. wel 1 1511 1506, 491 1595 2507
The DNA molecular weight marker was 100 bp DNA

ladder. The electrophoresis product was visualigild  Fig. 2: Location of HYALL1 gene in human
a long life™ Spectroline® UV transluminator and was chromosome 3 genomic contig
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121 840 After choosing the above mentioned three pairs of
_— 1 primers, the specificity of primers candidates were
541 1380 examined using BLAST program that was accessed at
] | http://www.ncbi.nlm.nih.gov/BLAST/. The  primer
1 I J sequences were set as input to BLAST of nucleotide
781 1920 (BLASTN), which determined their homology to human
T genome. It wasthoroughly examined. The primers were
expected to exhibit little homology to human genpme
so that they will direct themselves to anneal tectic
Fig. 3: Three studied human chromosome 3 genomigrea of fragments that will be amplified. By cangyi
contig sequences in the search for three pairs afut this process, each selected pair of primer was
primers ensured to be specific enough for amplificatiorjust
one particular sequence of exon 1 of HYAL1 gene
By using primer3 software accessed fromSeduence. The forward prir_ner frpm the first pair of
http://www.genome.wi.mit.edu/cgi-bin/primer/primer3  Primers yielded 6 homologies with human genome,
www.cgi, it was found that there were 1995 options While the reverse primer yielded 4 homologies; the
forward primers and 1924 options of reverse prinwers forward primer from the second pair yielded 40
nt 121-840. From software evaluation, only 60 faxva homologies, while the reverse primer yielded 36
primers met specifications as good quality prim@tee ~ homologies; the forward primer from the last pair
other primers were excluded due to bad GC%, lowi€lded 30 homologies, while the reverse primer
melting temperature and due to other criteria. Ftoen  Yielded 34 homologies.
1924 reverse primers, only 60 met specifications.
Pairing statistics shows that there was 2327 pairin DISCUSSION
considered, but only 7 were determined to be worth o
pairing. For nt 541-1380, there were 2190 optiohs o After the homology examination, secondary
forward primers and 2763 options of reverse primersstructures were evaluated using online Netprimat th
Only 31 forward primers and 69 reverse primers metVas _ ~accessed at
specifications as good quality primers. Pairingistias http://www.primerbiosoft.com/netprimer/netprlaunch/
shows that there was 3297 pairing considered, biyt o netprlaunch.html. _The _ preferred parameters were
6 were determined to be worth pairing. For nt 781-250.0 pM for nucleic aC|.d concentration, 50.0 mM fo
1920, there were 3627 options of forward primerd an MoNo ion concentration, 1.5 mM for I§Tg
1833 options of reverse primers. Only 330 forwardconcentration, 204.92 mM for total Naoncentranon
primers and 311 reverse primers met specificatams and temperature set at 25.0°C. The forward primer
good quality primers. Pairing statistics shows thate frqm the first pair has_no hairpin structure, twiandrs
were 129 pairing considered, but only 8 were(Fig- 4), no cross dimer, no palindrome, two runs
determined to be worth pairing. (Cccce an_d AAAA) (Fig. 4),_ no repeats, while _the
Based on the above evaluation, three best paifEVerseé primer has no hairpin structure, 1 dimer
candidates of primers were selected. In the case 6}:'9- 5), no palindrome, 1 run (CCCCC) (Fig. 5) _amj
region nt 121-840, forward  primer 5'- repeats. The forwarq primer of the second_ pair has
TGACCCCCTACAAAAGCTCA-3' (20 bp) and halr?g;g;c(';:qresfsgﬁg.dG), 1 dimer, noh_ﬁJallr;drorme
: ) , run ig. 6) and no repeats, while the revers
Eg\éersgp)pmc\,eerres é’:g;ﬁg?c%’f‘v-\l;;r(éccgi?ni?r'i, primer has no hairpin, no dimer, no palindromeud r
AGTCCTGTGGGAGATGGCAGA-3' (21 bp) and (AAA) (Fig. 7) and no repeats. This second pair of

i ) , primers has 1 cross dimer (Fig. 8). The forward
reverse primer 5-CGGTAAATGTCCTTGGTGTCC-3 primers of the last pair has no hairpin, no dinmes,

(21 bp) were selected in the region nt 541 to 138@  pajindrome, runs or repeat (Fig. 9), while the reee
forward primer 5-GCCATACCTGCTCCTGACTT-3' primer has no hairpin, no dimer, has no palindrome,

(20 bp) and reverse primer 5- has 1 runs (GGG) (Fig. 10) and has no repeat. dste |
ACAAGGTGGGCAGGTTACAG-3' (20 bp) were pair of primer has 6 cross dimers (Fig. 11). Inabeve
selected in the region nt 781-1920. Amplified fr@gis  stated parameters, the first, second and third gtw
of exon 1 HYAL1 sequence by these three pairs oprimer will have a J, of 58.03, 61.59 and 56.67°C
primers is expected to be representative of exon tespectively, while the first, second and thirdnpet
HYAL1 gene. have a |, of 58.8, 59.35 and 57.36°C respectively.
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* Existing Hairpins * Existing Hairpins

None MNone
% Existing Dimers
1. /AG =-7.34 keal/mol (3' dimers) * Existing Dimers
None

5 TGAC(ECCCTAC'?AAA?CT(-:? ¥ # Existing Runs
I I 1 I [N

3' ACTCGAAAACATCCCCCAGT 5 1. (AAA) 5'CGGT AAA TGTCCTTGGTGTCC 3'
2. /A G =--4.53 kealimol (3' dimers)

5 TEACCCCCTACAAAAGCTCA 3 Fig. 7: Evaluation of reverse primer for amplifyimg
[l 355-1053 sequence of exon 1 of HYAL1 gene
3' ACTCGAAAACATCCCCCAGT 5
% Existing Runs
1. (CCCCC) 5 TGA CCCCC TACAAAAGCTCA 3 1. AG = -5.64 keal/imol (3' Cross Dimers)
5' AGTCCTGTGGGAGATGGCAGA 3
2. (AAAM)  5' TGACCCCCTAC AAAA GCTCA 3 | | | 1 [
1 (]
) ] ) o 3 CCTGTGGTTCCTGTAAATGGC 5'

Fig. 4: Evaluation of forward primer for amplifg

nt 1-551 sequence of exon 1 of HYAL1 gene

Fig. 8: Evaluation for existing cross dimer in thair
% Existing Hairpins

of primers for amplifyingnt 355-1053 sequence
None of exon 1 of HYAL1 gene
% Existing Dimers
1. /A G =-3.94 kealfmol (3' dimers)
% Existing Hairpins
5 AAGTCTCC(IB/IATTCCCCCACT 3 None
[l o i

"
3' TCACCCCCTTAGCCTCTGAA &'

* Existing Dimers
* Existing Runs

None
1. (CCCCC) 5' AAGTCTCCGATT CCCCC ACT 3 +% Existing Runs
. i . . None
Fig. 5: Evaluation of reverse primer for amylh

nt 1-551 sequence of exon 1 of HYALL gene Fig. 9: Evaluation of forward primer for amplifig

 Exating Haitpins nt 956-1511 sequence of exon 1 of HYAL1
1. AG = -0.25 kealimol (3' Hairpin) gene
[ AGGGTGTCCTGA 5!
L cateecaca s % Existing Hairpins
2. AG-=-0.14 keal/mol (3' Hairpin) None
[~ GTCCTGAE % Existing Dimers
L rcceacaTaGCAGA 3 None
* Existing Dimers % Existing Runs
. \G = -4 55 kealimol (3' di
! calimal (3 dimers) 1. (GGG) 5' ACAAGGT GGG CAGGTTACAG 3'
5 AGTCCTGTGGGAGATGGCAGA 3

§ AGACGETAGAGGETRTCCTEAS Fig. 10: Evaluation of reverse primer for amplifgirt
* Existing Runs 956-1511 sequence of exon 1 of HYAL1 gene

1.(GGG) §' AGTCCTGT GGG AGATGGCAGA 3'

oA : ; oy The first pair of primer will amplify a productah
Fig. 6: stsv;Irgggr;ec)cfngr]v(\:/:rgf gggwnerlfgfr:\r(npr‘)gy;ﬁe is 597 bases in size. The amplified sequence iS5t
751 of human chromosome 3 genome contig.
The forward primer of the first pair was given simg ~ S€dquence nt 155-200 is not part of HYALL gene
of 86 from a total score of 10, while the reverse(Fig- 12). So, in using these pair of primers, 6lof
primer was given a rating of 92’ the forward prirnér the amp|lfled prOdUCt must not be Considered. The
the second pair was given a rating of 91, while thesecond pair will amplify a product that is 699 bmage
reverse primer was given a rating of 100; both fmwv  size. The amplified sequence is nt 555-1253 of
and reverse primer of the third pair was giventmnga human chromosome 3 genome contig (Fig. 13). The

of 100. last pair will amplify a product that is 584 bagesize.
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1. AAG=-11.1 kealimol (3' Cross Dimers) 3 I 5

5' GCCATACCTGCT({:CTGACTT 3 , |

5
[T : 01 555 575 1233
3 GACATTGGACGGGTGGAACA &' \

2. /A G =-6.62kealimol (3' Cross Dimers)
5' GCCATACCTGCTCCTGACTT 3'

+

T
953 1711
/

I
Exon 1 of HYAL1sequence

3 GACATTGGACGGGTGGAACA 5' Fig. 13: Annealing region of the first second afers
3. /AG = -6.01 kcalimol (3' Cross Dimers) 5
5' GCCATACCTGCTCCTGACTT 3' 3 5
(_
C . . Nl N
3' GACATTGGACGGGTGGAACA 5' 201 1s61i7s 17110
4. /NG =-455 keal/mol (3' Cross Dimers) \ /

T
5' GCCATACCTGCTCCTGACTT 3
(N
3' GACATTGGACGGGTGGAACA &'
5. /\G=-4.55 kcal/mol (3' Cross Dimers)

5' GCCATACCTGCTCCTGACTT 3

3' GACATTGGACGGGTGGAACA &'
6. /\G =-4.54 kealimol (3' Cross Dimers)

Exzon 1 of HYALIsequence

Fig. 14: Annealing region of the third pair of pers

5' GCCATACCTGCTCCTGACTT &
1 [}
| 0 [11
3' GACATTGGACGGGTGGAACA S

Fig. 11: Evaluation for existing cross dimer in {besir
of primers for amplifying nt 956-1511
sequence of Exon 1 of HYAL1 gene

3 597 bp 699 bp 584 bp
3 50
- \ i . . Fig. 15: Photograph image of electrophoresis result
155 201 135751 1711 conducted to amplified products using the
" \ / three pair of primers
\
Exon 1 of HYAL1sequence In order to know whether the three designed pairs
of primers were applicable or not to real sampéagh
Fig. 12: Annealing region of the first pair of pens pair was put to trial. Three blood samples fromlthga

individuals were collected and their DNA isolated.

The amplified sequence is nt 1156-1740 of humarEach DNA isolates from these three blood samples

chromosome 3 genome contig. Sequence nt 1712-174%"€ separately _a_mplified by any Of. these pair_ of
is not part of ElYALl gene g(Fig.q14). So, in using primers. The amplified PCR product using each phir

. . o rimers were then subjected to electrophoresissdhe
these pair of primers, nt 5.55_584 of _the amp“f'edfesulted in products 59]7, 699 and 584 brr)J in siheseé
product must not b_e considered. W'th_ respgct Qs an indication that the three pairs of primersreve
HYALL gene, the first, second and third pair of g ccessfully applicable to real samples as prosizet
primers will amplify nt 1-551, 355-1053 and 956-151 ¢ 597, 699 and 584 bp represent product of ths, fir

respectively. Because of the incomplete sequence Qfecond and third pairs of primers respectively (Ef).
human chromosome 3 genome contig used in this

studies, it is recommended that every mutation or CONCLUSION

polymorphism detected from amplification using this

three pairs of primer be reported with respect to  From the study of exon 1 of HYAL1 gene, the
HYAL1 gene sequence. following three pairs of primers may be used:
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For amplifying nt 1-551 of human exon 1 of Csoka, T.B., G.l. Frost, H.H.Q. Heng, S.W. Schere

HYAL1 forward primer 5'- and G. Mohapatra&t al., 1998. Thehyaluronidase

TGACCCCCTACAAAAGCTCA-3' (20 bp), rated 86, gene HYAL1 maps to chromosome 3p21.2-p21.3
has 6 homologies to human DNA. Reverse primer 5- in human and 9F1-F2 in mouse, a conserved
AAGTCTCCGATTCCCCCACT-3' (20 bp), rated 92, candidate tumor suppresor locus. Genomics, 48:

has 4 homologies with human DNA. For amplifying nt 63-70. PMID: 9503017
355-1053 of human exon 1 of HYAL1forward primer Frost, G.I., T.B. Csoka, T. Wong and R. Stern, 1997

5-AGTCCTGTGGGAGATGGCAGA-3' (21 bp), Purification, cloning and expression of human
rated 91, has 40 homologies to human DNA reverse plasma hyaluronidase. Biochem. Biophys. Res.
primer 5-CGGTAAATGTCCTTGGTGTCC-3' (21 Commun., 236: 10-15. PMID: 9223416

bp), rated 100, has 36 homologies to human DNA. FoKim, J., M. Johnson, P. Hill and B.K. Gale, 2009.
amplifying nt 956-1511 of human exon 1 of HYAL1 Microfluidic sample preparation: Cell lysis and
forward primer 5-GCCATACCTGCTCCTGACTT-3 nucleic acid purification. Integ. Biol., 1. 574-586
(20 bp), rated 100, has 30 homologies to human DNA  DOI : 10.1039/b905844c
reverse primer 5-ACAAGGTGGGCAGGTTACAG-3' Lachaud, L., J. Dereure, E. Chabbert, J. Reynes and
(20 bp), rated 100, has 34 homologies to human DNA. J.M. Mauboussinet al., 2000. Optimized PCR
When using these three set of primers, nt 1 tof46 using patient blood samples for diagnosis and
amplified product using the first pair of primensdant follow-up visceral leishmaniasis, with special
555-584 of amplified product using the third pafr o reference to AIDS patients. J. Clin. Microbiol.,
primers must not be considered because they are not 38: 236-240. PMID: 10618093

part of exon 1 of HYAL1 gene. Laurent, T.G J.R.E. Fraser, U.B.G. Laurent and
A. Engstrom-Laurent, 1995. Hyaluronan in
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