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Short Communication

　Glacier environments harbor cold-tolerant bacteria 
(Amato et al., 2007; Christner et al., 2003; Segawa et 
al., 2005). However, a variety of bacteria such as soil 
and enteric bacteria have been detected from these 
highly oligotrophic and psychrophilic environments 
(Segawa et al., 2005; Sheridan et al., 2003). The origin 
of these bacteria remains unknown. These bacteria 
may have been supplied at least in part from animals 
by means such as bird droppings (Sjölund et al., 
2008). There are other plausible transmissions, such 
as local and global atmospheric circulation. In the 
case of the global atmospheric circulation, a glacier 
environment may receive bacteria originating from hu-
man industrial activities, although most glaciers are 
located at a distance from such sites of human activi-
ties.

　Emergence of antibiotic resistant bacteria has been 
considered as a human impact on the environment 
(Cabello, 2006; Chee-Sanford et al., 2001; Goni-Urriza 
et al., 2000). The prevalence of antibiotic resistant 
genes in the glacier environment can be used as an 
indicator of human impact on the global environment.
 In this experiment, the prevalence of antibiotic resis-
tant genes in glacier ice samples taken from various 
locations in the northern hemisphere (Alaska, Central 
Asia) and Antarctica were evaluated by real time PCR 
array approach using a Taqman probe system.
　We collected samples of the glacial ice (1 cm in 
depth) or cryoconite hole samples (Table 1) using a 
sterilized stainless steel scoop or sterilized syringe, re-
spectively. The samples were stored in 50-ml sterile 
plastic conical tubes (Iwaki, Tokyo). All samples were 
kept frozen and transported to the Tokyo Institute of 
Technology, Japan or National Institute of Polar Re-
search, Japan.
　Bacterial DNA was extracted as follows within a 
Class 100 Clean bench (Sanyo, Tokyo, Model MCV-
131BNS) at the National Institute of Polar Research 
(Tokyo). Ice samples were melted and a portion (1‒    
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2 ml) of each was centrifuged at 22,000 × g for 15 min 
to obtain pellets. The pellets were then transferred to 
separate 2.0-ml safe-lock microcentrifuge tubes and 
subjected to DNA extraction using a FastDNA spin kit 
for soil and a FastPrep FP120 instrument (Q-BIOgene, 
Heidelberg, Germany).
　A part of DNA was used for PCR amplifi cation, clon-
ing, and sequencing of the 16S rRNA gene sequences. 
The number of PCR cycles was kept to a minimum to 
reduce PCR-dependent biases in amplifi cation that 
could destroy the original composition of the bacterial 
DNA in the samples and to reduce errors caused by 
chimera formation resulting from nucleotide mis-incor-
poration (Polz and Cavanaugh, 1998; Qiu et al., 2001; 
Wilson and Blitchington, 1996). 16S rDNA was ampli-
fi ed using primer set 27F and 1492R (Lane, 1991) us-
ing Prime Star HS DNA polymerase (TaKaRa, Kyoto), 
used under the following conditions: 3 min of initial de-
naturation at 94°C; 15 ‒ 20 cycles of 98°C for 10 s, 
52°C for 15 s, and 72°C for 120 s; and fi nal extension 
at 72°C for 7 min. PCR products were then purifi ed us-
ing a MinElute PCR Purifi cation Kit (Qiagen, Hilden, 
Germany) and cloned into a Zero Blunt TOPO PCR 
Cloning Kit for Sequencing (Invitrogen, Madison, WI, 
USA). Escherichia coli DH5a (TaKaRa) was transformed 
with the cloning vector, and the transformants were se-
lected by blue-white selection on Luria-Bertani agar 
plates containing 100 g/ml ampicillin, 1 mg/plate 
5-bromo-4-chloro-3-indolyl-beta-D-galactoside (X-Gal), 
and 2.38 mg/plate isopropyl-beta-D-thiogalactopyra-
noside (IPTG). Insertion of the appropriate size of DNA 
was determined by colony PCR amplifi cation with a 
universal primer set (M13F and M13R) targeting both 
sides of the cloning vector. Colony PCRs using Ex Taq 
polymerase (TaKaRa) were performed under the fol-
lowing conditions: 3 min of initial denaturation at 94°C 
fo llowed by 30 cycles (94°C for 30 s, 55°C for 30 s, and 
72°C for 120 s) and a fi nal extension at 72°C for 7 min. 
Sequencing of the inserted DNA fragments was 
achieved using Big Dye Terminator v3.1 and an ABI 
automatic sequence analyzer (model 3130xl; Applied 

Biosystems, Tokyo) with the universal primers M13F 
and M13R. The amplifi ed sequences were checked for 
chimeras using Ribosomal Database Project II Chime-
ra Check and the Bellerophon Server. Sequences were 
clustered with CD-HIT software at 97% sequence iden-
tities (Li et al., 2001). Homology searches were per-
formed against the DDBJ/EMBL/GenBank nucleotide 
sequence database using the BLAST program.
　Extracted DNA was amplifi ed using a RepliG Mini kit 
(Qiagen) according to the manufacturer’s instructions 
for the real-time PCR of antibiotic resistant genes. Am-
plifi ed products were purifi ed with a Microcon YM-100 
column (Millipore, Billerica, MA, USA), then incubated 
with Phi29 polymerase (Epicenter, Madison, WI, USA) 
and digested with S1 nuclease (Invitrogen) described 
in Zhang et al. (2006) for real-time PCR template. Final 
concentrations of DNA were ca. 450 ng/μl. LightCy-
cler®480 Real-Time PCR System (Roche Applied Sci-
ence, Tokyo) for qPCR was used to amplify 93 selected 
antibiotic resistant genes and partial 16S rRNA genes 
as a positive control (Table 2). The present detection 
system for antibiotic genes was based on the 96-well 
format real-time PCR. Therefore, the number of tested 
gene sequences in one assay was limited to 96 for 
practical reasons. The selection was made from the 
comprehensive reviews of the literature (Aarestrup, 
2006; White et al., 2005) and a microarray study (Per-
reten et al., 2005). Primer-sites and probe-sites were 
selected with the aid of Universal Probe Library Assay 
Design Center of Roche Applied Science (http://www.
roche-applied-science.com/sis/rtpcr/upl/index.jsp?id    
=UP030000). Prior to this step, complete sequence 
data were retrieved from databases (DDBJ/EMBL/
GenBank); therefore partial sequences in the data 
base was omitted, and aligned by Clustal W (Thomp-
son et al., 1994). Consensus sequences for particular 
antibiotic resistant genes were applied to the above 
on-line program. Selection of primer sites and probe 
sequences for particular genes was abandoned if 
there was no hit for primer or probe site from the pro-
gram. LightCycler®480 Taqman Probe Master® (Roche 

Table 1. Glacier sampling site.

Sampling glacier Area Lat., long.
Altitude 

(m)
Sampling 

date
Reference

Gulkana Glacier Alaska Range, Alaska 63° 28′ N, 145° 41′ E 1,585 2001 Aug. Takeuchi et al., 2001
Ürümqi Glacier No. 1 Tien Shan Mountains, China 43° 06′ N,  86° 48′ E 4,090 2006 Aug. Takeuchi et al., 2008
Rink Crags area James Ross Island, Antarctica 63° 55′ S,  58° 10′ S  490 2006 Feb. Fukui et al., 2008
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Applied Science) was used to amplify the antibiotic 
resistant genes. The detection and quantifi cation of 
amplicons was achieved with the aid of a mono color 
hydrolysis probe system. The reaction mixture (10 μl) 
contained 1 pmol probe, 2 pmol forward and 2 pmol 
reverse primer, 5 μl Taqman Probe Master and 3.6 μl of 
template DNA solution (ca. 9 ng/μl). The temperature 
cycle was initiated with a denaturation for 5 min at 
95°C. The initial denaturation was followed by 50 cycles 
of 95°C for 10 s and 60°C for 20 s. The record and the 
analyses on amplifi cation curve was done according 
to the manufacturer’s instructions (Roche Applied Sci-
ence). Cycle numbers for the crossing point of ampli-
fi cation (CP number) was determined by the Second 
Derivative Maximum Method. All samples were 
subjected to triplicate analyses.
　In this study, we sequenced 158, 165, and 83 clones 
of 16S rDNA respectively for the samples from Gulka-
na Glacier, Ürümqi Glacier and the small ice cap on 
Rink Crags (406 clones in total). Low-cycle PCR ampli-
fi cation of nearly full length of 16S rDNA revealed that 
the samples from the three sites contained a total of 79 
OTUs (operational taxonomic units). A total of 32, 15, 
and 39 OTUs were detected in the samples collected 
at Gulkana Glacier, Ürümqi Glacier and the small ice 
cap on Rink Crags, respectively. The large clone per-
centages for the bacteria belonging to the Beta-pro-

teobacteria were detected in samples from Gulkana 
Glacier (54%) and Ürümqi Glacier (79%). But Alpha-

proteobacteria and Actinobacteria were frequently de-
tected in the small ice cap on Rink Crags (26%). Pro-
teobacteria were predominant or present at relatively 
higher proportions in all the samples. This agrees with 
several previous studies. For example, Skidmore et al. 
(2005) reported that Beta-proteobacteria were abun-
dant in the clone library in the sediment of the glacier 
outlet stream from an Alaskan glacier and those in the 
basal ice samples of a glacier in Ellesmere Island, 
Canada. Nemergut et al. (2007) also reported that Be-

ta-proteobacteria were abundant in the clone library in 
soil samples of a deglaciated area near a glacier in the 
Peruvian Andes.
　The results of real-time PCR array are shown in Ta-
ble 2. Among 94 sets of primers and probe, the bacte-
rial 16S rRNA gene was always detected at nearly the 
same intensity for all the test samples (ca. 25 cycles), 
although Antarctic ice sample showed a relatively 
smaller copy number as indicated by the greater CP 
number (approximately 28). In the negative control 

sample, the insignifi cant signal (45) was detected for 
16S rRNA genes. Since all the CP numbers for 16S 
rRNA genes in ice samples were nearly constant, it is 
suggested that the level of bacterial genomic DNA in 
the samples was nearly the same in this study.
　The genes cat1 and tet(C) were detected with a rela-
tively constant CP number (from 30 to 40) for all the 
samples including the negative control. These genes 
should be considered as contaminants in the present 
experiment, although the sources of contamination 
are still unclear. If these genes were omitted from con-
sideration, the detected genes were aacC1, aph(6), 
ampC, blaCTX-M, cmrA, msrA/B, tet(D), tet(E), and 
tet(G). These genes were detected in the samples ei-
ther from Gulkana Glacier or Ürümqi Glacier. None of 
these genes were detected in the Antarctic ice sample. 
Emergence and dissemination of antibiotic resistant 
organisms or their resistance genes has been caused 
by the human use of antimicrobials (Aarestrup, 2006; 
Chopra and Roberts, 2001; White et al., 2005). Many 
studies have documented the presence of antibiotic 
resistant organisms or their resistance genes in soil 
and waters adjacent to human activities such as a hos-
pital or an agriculture fi eld (Agerso et al., 2006; Ander-
sen and Sandaa, 1994; Furushita et al., 2003; Heuer et 
al., 2002; Jacobsen et al., 2007; Koike et al., 2007; Ma-
lik et al., 2008; Petersen et al., 2002; Pruden et al., 
2006; Sengeløv et al., 2003). At the same time, it is 
suggested that antibiotic resistance genes can propa-
gate and persist in an antimicrobial-free environment 
through the clonal expansion of resistant strains and 
the horizontal transfer/recombination of mobile gene-
tic elements harboring resistance genes (Pallecchi et 
al., 2007). The detection of antibiotic resistance genes 
in the glacier environment seems to be a typical case 
for the antibiotic resistance gene in the antibiotic-free 
environment. As indicated above, the spread of antibi-
otic resistance is facilitated by the association of resis-
tance genes with mobile genetic elements. Horizontal 
gene transfer is a key phenomenon for antibiotic resis-
tance genes to persist in a new environment (Van El-
sas and Bailey, 2002). Indeed, the antibiotic resistance 
genes detected here have been reported to reside on 
the mobile genetic elements (Agerso et al., 2006; Bau-
ernfeind et al., 1996; Bradford et al., 1997; Chopra and 
Roberts, 2001; Desomer et al., 1992; Furushita et al., 
2003; Matsuoka et al., 1997; Nagy et al., 1997; Van 
Overbeek et al., 2002; Wohlleben et al., 1989).
　The origin of these resistance genes in the glacier 
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environment is a vital question to be answered. How-
ever, the source-tracking for the antibiotic resistance 
gene is not an easy task. Some molecular studies tried 
to answer this question; Koike et al. (2007) presented 
a successful source-tracking of the tet(W) gene in the 
limited area around swine confi nement facilities. These 
authors applied phylogenetic analyses to the source-

tracking survey using the nearly full sequence of this 
gene. By contrast, the major purpose was to develop 
the real-time PCR array for environmental antibiotic re-
sistance gene in our study. Therefore, the present re-
sults, which were based on the shorter sequences, 
remained at the level of fi rst screening for antibiotic 
resistance genes. Further studies about the phylogeny 

Fig. 1.　Distribution of bacterial phyla detected from the ice samples taken in Alaska 
(Gulkana), Central Asia (Ürümqi) and Antarctica (Rink Crags).
　Details, see Table 1.
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of the presently detected genes may help the source-
tracking survey on the antibiotic resistance gene in the 
glacial environment.
　In considering the nature and origin of antibiotic re-
sistant genes, many of them are naturally harbored by 
antibiotic-producing organisms; it is not appropriate to 
regard that the detection of antibiotic resistant genes 
in the natural environment is totally attributable to 
medical and veterinary practices and the use of agro-
chemicals in crop production. The detection of genes 
such as aph(6) or ampC in this experiment may be the 
case, because aph(6) was found in a streptomycin 
producer (Distler et al., 1987) and chromosomal ampC 
was detected in many gram-negative bacteria (Nor-
mark et al., 1986). However, in this context, the pre-
dominant detection of Actinobacteria and the absence 
of aph(6) in Rink Crags ice cap seem to be contradic-
tory. The predominant detection of proteobacteria and 
the absence of ampC in the same sample is also con-
tradictory. This is a typical constraint for molecular-
basis environmental study. Physiological determina-
tion on the isolates is of importance to resolve this type 
of contradiction.
　In conclusion, since the number of detected antibi-
otic resistance genes was larger for Gulkana Glacier 
samples (8 genes) compared to Ürümqi Glacier (3 
genes) and Rink Crags ice cap (0 gene), Gulkana 
Glacier in Alaska may be the glacier most affected by 
human industrial activities. Virtually no antibiotic resis-
tant genes were detected from the Antarctic surface 
ice sample indicating that the “contamination” was still 
small compared to those in the glacier ice located in 
the northern hemisphere and not so separated from 
human industrial activities.
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