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Isolation of Aspergillus niger mRNA and Synthesis
and Cloning of its cDNA
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Abstract

Tolal RNA of Aspergillus niger was isolaled by phenol-proteinase K extraet-
ion and LiCl precipitation, Poly(A)* mRNA was purified by two cycles of oligo
dT)-cellulose affinity chromatography. The poly(A)* mRNA thus prepared was
electrophoresed on denaturing agarose-6M urea gel to estimate the lenglth and in
vitro tramslated in a rabbit reticulocyte lysate supplemented with L-(3°S) methio-
nine, which showed enough translation activity., The first and sccond strand cDNA
were synthesized by AMV reverse transcriptase and RNase H-DNA polymerase I
respectively using the total poly(A)* mRNA as template and oligo(dT)12-18 as
primer. The yield rates of first and second strand ¢cDNA synthesis are 25,8% and
96% respectively. The length of ds cDDNA is about 200-5000bp which is.similar lo
that of poly(A)" mRNA. The ds ¢cDNA was first ligated with EcoRI linker, after
digested with EcoRI, it was mixed with EcoRI-digested Agt10 and ligated with T4-
DNA ligase, The resultant DNA molecules were packaged in vitro and then infe-
cted E. coli BNN93 and BNN102, 8x10* recombinant phages were obtained per ug
cDNA. Rapid isolation and restriction analysis of two recombinant phages show

the existeace of 4,3Kb and 3,5Kb inserts respectively,
Keywords Aspergillus niger mRNA, ¢cDNA syathesis, cDNA cloning
1 Introduction

The extreme metabolic versality makes the fungi very attraclive for
bioprocess and they have significant value in present and in future in-
dustrial developmentsC'd Fungi have also proven to be valuable in stu-
dying eukaryotic genctics, metabolic regulation and devclopment, With
the development of recombinant DNA technology, attention turned rapi-
dly to fungi but efforts have mostly focused on Saccharomyces ccrevis-
iae, Neurospora crassa and Aspergillus nidulans{®%%%) A niger is an

industrial strain for glucoamylase and citric and gluconic acid product-
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ion, cloning and exprcssion of its genes will be useful to fungal gene
regulation and to strain improvement in Aspergillus, This paper descri-
bes the isolaton and purification of A niger mRNA and the synthesis
and cloning of its ¢cDNA,

2 Materials and Methods

2.1 Strains and culture conditions

A, niger 3758 was obtained fron the Guangdong Food and Ferment
ation Institute, .
The E, coli strains BNN93 and BNN102 for Agtl0 cloning were from
Shanghai Institute of Biochemistry,
E, coli SMR10 for preparing packaging extract was from Guangdong
Institute of Microbiology,

For growth of A, niger, spores were inoculated in Zeiss medium contain-

ing 10% maize powder for 50 hours at 30C with shaking(®%®)  The
cells were frozen in liquid nitrogen and stored at -70°C,
2.2 Enzymes and reagents

T4 DNA ligase, T4 polynucleotide kinase, EcoRI methylase, S-ade-
nosyl methionine and EcoRI linker are purchased from Sino-American
Biotechnology Company,
cDNA syathesis kit, (a~**P)dCTP and (r-#P)ATP were from Amersham
Packaging extract was prepared according to the procedure of Rosenb-
urg and one strain system was used for in vitro packaging(®l
2.3 Preparation of poly(A)* mRNA

10g of frozen cells was pulverized under liquid nitrogen in a mort-
ar, Quartz was added to disrupt the cell wall,
The total RNA was extracted with phenol-proteinase KC(!%Jand precipi-
tated with LiCl, Poly(A)* mRNA was obtained by two cycles of chro-
matography on oligo(dT )-cellulose(!!3,
2,4 Cell free translation and electrophoresis

Poly(A)* mRNA from A niger was electrophoresed on denaturing
agarose-6M urea gell'?) and translated in a rabbit reticulocyte lysate
supplemented with L-(®**S) methionine as described by the supplier to
detect the integrity and translational activity of the mRNA,
2.5 ¢cDNA synthesis

The total ds ¢cDNA was synthesized using ¢cDNA synthesis kit pur-
chased from Amersham, according to procedures from the suppliert?®3,

The synthesized ¢cDNA was identified by alkaline electrophoresis and
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autoradiography according to referencel!'d,
2.6 cDNA cloning and ideatification
cDNA was cloned in 12t10 by addition of linkers, The EcoRI link-

er was first kianased according to referencel’*], then ligated with Eco
Ri-methylated ¢cDNACU®I,) the ligat~d mixture was digested with EcoRI
and passed through Scphadex G-100 column to remove free EcoRI lin-
kers(i*3, The EcoRI treated cDNA was ligated with EcoRIl digested
Agt10 at the ratio of 1:50(w:w)t'®), The ligated DNA was in vitro pa-
ckaged with packaging extract preparcd from E,coli strain SMR10,The
packaged phage was amplified in E coli BNN93 and BNN102,

Recombinant phage DNA was isolated from plague from E coli BNN-

102 and analysed by agarose gel electrophoresis,
3 Results and Discussion

3.1 mRNA purification and in vitro cell free translation

8 mg total RNA was obtained from 10 g of A niger cells with an
OD260:0D280=1.9, The total RNA was passed through oligo(dT )-cellul-
ose for two cycles, polv(A)" mRNA was collected from the salt-free
buffer eluted fractions (third peak on Fig 1), 60ug poly(A)* mRNA was
obtained with an OD260:0D280=2,2, which means pure enough for ¢D-
NA synthesis,
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Fig.1 Chromatogrphy profile of A.niger RNA on oligo(dT)-cellulose column
(A) Peak 1 Flow through and rinsed fractions containing Poly(A) RNA and
small molecule tRNA
Peak 2 Medium salt buffer rinsed fraction containing residue rRNA and oth-
er unbound RNA
Peak 3 Eluted poly(A)* mRNA
(B) Peak 1 Nonspecific bound RNA from flow through of second cyele oligo(dT)-
cellulose
Peak 2 Poly(A)* mRNA eluted from second cycle of oligo(dT)-cellulose
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Fig,2 shows the denaturing agarose-6M urea gel electrophoresis pat-
tern, poly(A)* mRNA was dispersed between 255 and 17s rRNA, which
shows the integrity of poly(A)* mRNAU2],

2ug of poly(A)* mRNA wasin vitro translated in a rabbit reticulocy'le
lysate and (*°S)-methionine system, the results were shown in table 1
indicating that the total mRNA has a translation {old of 2,01 and a
specific activity of 1,085x10°%,

Tab.1 Activity determination of A, niger poly(A)" mRNA

Samples Counts ofjin Translation Specific
vitro translation folds (b activity (9
(cpm) © (cpm/ug)
Control 1,08 x 104 - -
Total mRNA 3.25x10* 2.01 1.08 x 1¢*
(2ug)

(1) Fold of sample counts(net) to control counts
(2) Net counts™of translation per ug mRNA(cpm/ug)

Fig.2 Agarose-6M urea electropho- Fig.3 SDS-polyacrylamide gel electropho-

resis of A, niger RNA resis, followed by autoradiography
(2)—(4), Total RNA of in vitro translation products.
(1), Poly(A)* mRNA after Total poly(A)* mRNA extracted
one cycle of oligo(dT)-celluiose from A.niger was translated in a
(5), Poly(A)* mRNA after two rabbit ceticulocyte lysate with
cycle of liga(dT)-cellulose 1.-(*S) methionine(lane 1), lane
The two sharp bands are 2 is the control Left side shows

17s and 25s rRNA the standard molecular weights



158 ik #FMR ( BRHEER ) C-PAE

~—— e ——————

The in vitro translation products were analysed by 12% SDS-poly-
acrylamide gel electrophoresis(Fig 3)in which protein bands ranging from
25000 to 93000 dalton were seen,

These results indicated that the purified poly(A)* mRNA are mostly
intact and has enough translation activity in vitro,

During the isolation process, proteinase K was added immediately
after the cell lysis and followed by phenol-chloroform extraction so as to
degrade and remove most nucleases and proteins, Specific precipitation
of RNA by 2,5M LiCl favors to removal of most DNA and some poly-
saccharides, The oligo(dT)-cellulose column was heated to 70°C during
elution in order to get sharper peaks,

3.2 ¢cDNA synthesis and determination of ¢cDNA lengths

¢DNA was synthesized according to the protocol provided by Amers-
ham, During the first strand synthesis, both oligo(dT)12~18 and rand-
om primer were used, the results were summarized in table 2, The yield
rates for oligo(dT)12~18 and random primer are 25,8% and 18,3% res-
pectively, which coincides with the result(15~30%) of reference(13],

Tab, 2 Yield of total cDNA synthesis

cDNA Template Primer Counts{cpm) Calculation results
Total Incorporated |Incorporation Yield Yield
counts counts percentage( %) rate(%)
ss ¢cDNA mRNA(518) p;.0 158458 5829 3,68 1.29  25.8
ds ¢cDNA ss ¢DNA (dT)y.1s 106042 3833 3.01 1.26  97.4
ss cDNA mRNA(lug) g, | 179166 2340 1.31 0.183 18.3
ds ¢cDNA ss ¢DNA primer 156302 1977 1,26 0,177 96,7

As shown in Fig 4 and Fig 5, the length of first strand c¢cDNA ranges
between 200~5000 nucleotides similar to the length of mRNA, This indi-
cates the synthesis of full length and nearly full length ¢DNA_  These
results show that both yield rate and length of first strand cDNA are
very closed whether oligo(dT)12-18 or random primer are used,

Sodium pyrophosphate promotes the full length ¢cDNA synthesis and
prevents the formation of hair-pin structureC!”d, but it is a potential
inhibitor of reverse transcriptase, Since sodium pyrophosphate and con-
centrated RNasin (20u/ug mRNA) are included in Amersham's c¢cDNA
synthesis kit, large amount of reverse transcriptase (20u/wg mRNA)
was used, According to Watson('®3, full length ¢DNA synthesis was ob-

tained by adding RNasin but sodium pyrophosphate, In our experience,
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Fig.4 Agarose gel electrophoresis- Fizg.5 Agarosc gel electrophoresis-
autoradiography of the syn-
thesised first and second
strand ¢cDNA. Left side is

autoradiography of the syn-
thesised ¢cDNA using random

the standard molecular primer
weight(A/HiadIII) (1) first strand cDNA
(1) ds ¢cDNA (2) ds cDNA

(2) first strand
¢DNA(oligo(dT)i, 18 primer)
(8) first stand
¢DNA(random primer)

Left side is the molecular
weigth markers(A/HindIII)

a satisfactory result (19,8% yield rate) was obtained by decreasing
RNasin(10u/pg mRNA), reverse transcriptase (i0u/pg mRNA), omitting
sodium pyrophosphate, Fig 6 shows the coincidence of the lengths of
¢DNA and mRNA,

The protocol of Gubler and Hoffman('®3 was used for second strand
c¢DNA synthesis to avoid the unfavorable action of nuclease SI As
shown in table 2, the yicld ratec of second strand cDNA is 96% and ils
length is 200-5000 bp(Fig. 4,Fig 5). Some of the second strand product is
bigger than the first strand, this may due to the existence of hair-pin
structurc and hence elits the second strand synthesis¢'7J,

3.3 Cloning and identification of ds ¢cDNA

The synthesized ds ¢DNA was extracted with phenol and chloroform
and precipitated with 2M NH,Ac-cthanol to remove unincorporated
free nucleotides, The ligation of ds ¢DNA and EcoRI-digested Agt10

was doue as in Materials and Mcthods, The ligated mixturc was packa-
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ged in vitro and then infected hosts E coli BNN93 and E coli BNN102,
Either Agt10 or Agtl0 hybrid phage can form plagues when BNN93 was
used as host but only recombinant phage can form plagues with BNN
102 as host, 8x10* recombinant phages were obtained per wug c¢cDNA in
our experiment, DNA of two recombinant phages were rapidly isolated
and digested with EcoRI, The agarose gel electrophoresis pattern shows
that the recombinant phages contain inserts of 4,3Kb and 3,5Kb respe-
ctively (Fig.7).
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Fig.6 Agarose gel electrophoresis-autora- Fig.7 Restriction digestion analysis

diography of the ¢cDNA synthesised of recombinant phage DNA,

without soduim pyrophosphate (1) Acl857S7 DNA +HindIIl.

(;) fiirStDsl\tIi:nb cDNA (2) (3) Recombinant phage

ie)ft Zise is the molecular weight DNA +EcoRI .

markers(4/HindIII) + (4) Agt10 DNA +EcoRI
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