
Shankaramma Shivaprasad, Ph.D. 
Robert J Duff, Ph.D. 

Results 

Incubation of the 117-mer with restriction enzymes for 6 h:

Reaction Conditions:

1X NEBuffer 4

Supplemented with 100 g/mL BSA 

1x NEBuffer 4:

20 mM Tris-Acetate

50 mM Potassium Acetate

10 mM Magnesium Acetate

1 mM DTT, pH 7.9

De-Activation @ 65 ºC

Nla III

5’…CATG…..3’

3’…GTAC…..5’

Cac8I

5’…GCNNGC…..3’

3’…CGNNCG…..5’

Mse I

5’…TTAA…..3’

3’…AATT…..5’

Lactobacillus johnsonii is a member of the acidophilus group of lactobacilli. 

Because of their probiotic properties, including attachment to epithelial cells, 

immunomodulation, and competitive exclusion of pathogens, representatives 

of this group are being intensively studied.
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Table of All Oligonucleotide Fragments
Fragment Theoretical 

Mass(Da)

Observed 

Mass (Da) Sequence (5’ to 3’)
T1 11751.7 11752.7 ACGGTGGCGATGGCAAGAAGGATACACCTGTTCCCATG

T2 4265.0 4265.8 CCGAACACAGAAGT

T3 2687.9 2688.8 TAAGCTTCT

T4 9624.4 9625.3 TAACGCCGAGAGTAGTTGGTGGGAAACTGCC

T5 7754.4 7755.0 TGCGAGGGTAGGCAGTCGCCGTGCT

B1 10369.0 10369.7 GGAACAGGTGTATCCTTCTTGCCATCGCCACCGT

B2 6113.3 6114.0 TAACTTCTGTGTTCGGCATG

B3 2746.3 2746.9 TAAGAAGCT

B4 8789.0 8789.7 GGCAGTTTCCCACCAACTACTCTCGGCGT

B5 7572.0 7572.9 AGCACGGCGACTGCCTACCCTCGCA

Abstract 
• Purpose To determine the sequence of a 117-mer DNA duplex from Lactobacilllus

johnsonii FI9785 using high-resolution mass spectrometer.  Three restriction enzymes 

are used to process the target oligonucleotide into oligomers suitable (<40 nt) for MS 

analysis.  A series of ten oligonucleotides are produced. 

• Methods This study utilized a hybrid linear ion trap, the Thermo Scientific LTQ XL™ 

Orbitrap mass spectrometer (LC-ESI-MS/MS) used in conjunction with an Accela™ 

high-speed chromatographic system. Development began with restriction enzyme 

mapping followed by U-HPLC separation using reversed phase C18 columns 

(Phenomenex Acquity UPLC OST column). The mobile phase compositions were 

1,1,1,3,3,3-hexafluoro-2-propanol/triethylamine (pH 8.3) in methanol. Sequence 

analysis was carried out using through MSn analyses number. ESI mass spectra were 

acquired in negative ion mode. Fragment ions were calculated using in-house OligoSeq

Ion Calculator and compared with observed fragments. 

• Results Confirmation of sequence was determined. With the proper use of restriction 

enzymes, nucleotide sequencing may be a useful tool for the identification of longer 

oligonucleotides such as aptamers or tRNA. 

• Conclusion The advantage using an LTQ-Orbitrap to confirm the sequence identity of 

the oligonucleotides is its ability to provide high-resolution mass data with the LC-MS 

analysis. Finally, the method employed novel validated software for mass calculation of 

all oligonucleotides.
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MS/MS of B2 Fragment with Partial Fragments 

Labeled in the MS2 Spectrum
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Analysis of 117mer Duplex

Full scale UV (top), FTMS (bottom) and Mass Deconconvolution (Inset) of DNA Duplex 117-mer. Conditions: Sample 
Load: 5 µL, Flow rate: 477 L/min, Temperature: 25oC, Mobile Phase A Composition: 100 mM hexafluoroisopropanol
(HFIP)/ triethylamine (TEA) (pH 8.35) in RNase-free MQ H2O;  Mobile Phase B Composition 100 mM 
hexafluoroisopropanol (HFIP)/ triethylamine (TEA) in CH3OH. Starting Composition: 98%A, Elution Gradient: 19.6% 
B / min (2% B to 100% B in 25 min), Monitored 260 nm , Phenomenex Column (50 mm x 2.1 mm), 1.9 micron 
particle size.

May10_02_110511130954

A:2

RT: 0.00 - 34.98 SM: 7B

0 5 10 15 20 25 30

Time (min)

0

10

20

30

40

50

60

70

80

90

100

R
e
la

ti
ve

 A
b

u
n

d
a

n
c
e

11.40

10.04

6.28
25.07

2.82 4.42 18.758.70 13.10 15.34 27.0922.5119.82 28.11 31.13 33.200.50

NL: 9.07E8

m/z= 1209.27-2000.00 

F: FTMS - p ESI Full 

ms [600.00-2000.00]  

MS 

May10_02_110511130

954

May10_02_110511130954 #760-806 RT: 10.97-11.51 AV: 16 NL: 1.83E5

F: FTMS - p ESI Full ms [600.00-2000.00]

1200 1300 1400 1500 1600 1700 1800 1900 2000

Mass (Da)

0

20000

40000

60000

80000

100000

120000

140000

160000

180000

In
te

n
s
it
y

1763.79

z=?
1808.01

z=?
1641.43

z=?
1679.92

z=?
1567.64

z=?
1903.30

z=?
1954.94

z=?1476.25

z=1

1512.94

z=11364.67

z=?

1993.28

z=?1259.32

z=?
1351.01

z=?

1180.02

z=?

C:\Documents and Settings\...\Mar19_04
A:3

RT: 0.00 - 20.82 SM: 7B

0 2 4 6 8 10 12 14 16 18 20

Time (min)

0

100000

200000

300000

400000

500000

600000

700000

u
A

U

9.05
10.21

9.25

11.54

12.69

16.92 18.01
8.30

4.51

NL:
7.97E5

Channel A  
UV 
Mar19_04

Mar19_04 #517-901 RT: 8.18-13.37 AV: 147 NL: 4.55E5
F: FTMS - p ESI Full ms [600.00-2000.00]

700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Mass (Da)

0

50000

100000

150000

200000

250000

300000

350000

400000

450000

In
te

n
s
it
y

1420.59
z=3

708.95
z=?

685.62
z=4

1343.24
z=2

671.12
z=4 763.12

z=8
895.16

z=3

1433.24
z=3

851.95
z=5

1065.19
z=4

796.67
z=13

1527.25
z=4936.88

z=1
1791.32

z=31221.60
z=5

1843.32
z=3

1107.19
z=7


