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(1) ��	
���
_�`�� Roche a� Real-time PCR `� Light

Cycler 2.0 system �_��0� bc�Wdefgh
i� LightCycler FastStart DNA Master SYBR

Green I ]9 >FastStart Taq DNA Polymerase, re-

action bu#er, dNTP mix, SYBR Green I:;5FG
10 mM MgCl2 �jk@ ��'0 SYBR Green I/l
��0�

(2) Primer��
NO��<�� 16S rRNA �mf;	�n=o>

�?p%&0 primer9) qforward primer@Ar 5 � -
cgccagcttgtaaaagtgagc-3� reverse primer@Ar 5�-
tagcaacacgtttttaaatattacc-3�s >\t primer A@ 5F
G P1 �mf;	�n=o>�?p%&0 primer10)

qforward primer@Ar 5�-attcccgaacaaaataatga-3� 
reverse primer@Ar 5�-gtttgacaaagtc-cgtgaag-3�s
>\t primer B@ � 2 uB�_��v primer �Cw
�0� Cw8D� �ExyF�GH% �primer

dimer 5FG-IzJK{L�&' ��W�1��
�� I5 NO_��0 primer �F|�M*&�
DNA�N� OP> primer A ��'0}� 190 bp,

primer B � 151 bp �I��
(3) PCR������� PCR����
PCRQUR~�S�� 20 ml�9<����<

�fT0� DW 14.0 ml, MgCl2 1.6 ml >�U1 3.0

mM@ Forward-primer 0.2 ml >�U1 0.5 mM@ Re-

verse-primer 0.2 ml >�U1 0.5 mM@ LightCycler

FastStart DNA Master SYBR Green I2.0 ml ��� 

&� sample 2.0 ml ��� VQUR~W� 20 ml

��0�
PCRQUX�� primer dimer ��IJ����

0� Touch down PCR/l�� Y�Z,� 95� 7

min � Hot start Z, 95� 1 s ��f�=� 63�
53� 5 s (step size 0.5�/cycle) 5FG[� 72�8 s

� 1 cycle >�p 14 s@ � 40 cycle ��0� 3�� 
ExyFx\ 65�95� 15 s (step size 0.2�/cycle)

5FG]� 20� 30 s �� PCR �^�_ 28 min �
�0�

(4) ������ DNA���� !
#����'��6� �`�a��'~�� 

DNAbWc��de�]^0� �a��'~�fg
����� hLijk 500 ml �_ 1�.����
�W� �B'� 12,000 G 15 s  lc���|0�
3�� >�m��'L��¡�¢� nom�_
200 ml ��3�>�m�� sample ���_��0�
 lX�� 15 s, 30 s, 1 min, 2 min 5FG 2 min  
l��nom�£�¤=��0�� 3&¥&�X�
���<�0� ¦� DNAbW�0 sample ���1
�Cw	�0� M. pneumoniae "�§6¨��
>PA
@ �5'�&©I>p�q� ����� M.

pneumoniae ������%&0 15�r��6��
'� QIAamp DNA Mini Kit (QIAGEN) �F� DNA

bW�0 sample �#
�ªO��|0 sample �
� PCR �()�0}� crossing point values >CP

s@ �Cw�0� ,0 M. pneumoniae ���\/�
���$��%&0 10�r�5'��t��/
�
�u.��' -Iz{L!«<:gf¬:gf�&
'IJ�Cw�0�

(5) PCR��" DNA#$%&'(
���6��'0 PCRQU�� DNAJK{L�

3�9®f�¯°v±²w��³q��' Exy
Fx\12�xT,�³q�0� ,0 direct DNA

sequence ��' ´A@A�³q��|0�
(6) PCR)*&+��
#��� DNAybW�6��'�0� �6 �

§L9!"~$µz�0}� PCR ��¶·�³q�
0� §L9� CEZ, CAM, MINO, LVFX, ST 5FG
VCM ��'0� v9¸��U1$ 1 mg/ml 5FG
10 mg/ml �I�F�9~� 500 ml{|� MacF0.5

�{|�0 M. pneumoniae}¹Lº~�fg�~� 
3���»�0�ªO��'v9¸��'�u.�
0� ,0 "~��'��V" 1 ml, 5 ml 5FG 10 ml

�hLijk 500 ml ����3������ªO�
�' 3&¥&�u.�0�
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Fig. 1. 16S rRNA��� primer (primer A)��� P1 ��� (primer B)�	
����������
3������������� 

Fig. 2. 16S rRNA��� primer (primer A)��� P1��� primer (primer B)!"#$%
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(1) Primer���
��������	
M. pneumoniae
��� DNA���� 2���

primer�����������	��������
� primer� �� PCR����!������"
#$� Fig. 1�%&�� primer A� TM'( 84.8)
*+� primer B� TM'( 88.5)*+,-��� �
����./0(1 primer,2�345�%&�
6� primer A( primer B789:��-./0�%
&��
�primer dimer;7<=>?@ABC�DE
2��� primer�;FG@ABC� 3HIJK/

LMNOPQRST� Fig. 1�%&�� 1 primer,
2���-U3VWX�%&�YZ- primer dimer

;7<=>?@ABC�[\(]^-Z���
�_�`a
M. pneumoniae
��� DNA���� 2���

primer����_�`a�bc&�� RNA MS 2

(Roche)� �� DNAdefg�h\& PCR�i
j&������"#$;7<OPQRST� Fig. 2

�%&�� primer Ak( 3.09 fg/mllk��-��
./0�%&�6� primer Bk( 30.9 fg/ml6_�
mnko��� OPQR#$2pq�#$ko���
rs�#$78t PCR_uf�v primer(

16S rRNAs�w/Mxy,&� primer A,&��
(2) PCR��	 DNA
�����
Primer A�v &z{_|� ��!� PCR}
~� DNA@ABC( 3HIJK/LMNOPQR�
��]���� �����"#$���5��]&
�� l�� direct DNA sequence�����g��]
����M. pneumoniae 16S rRNA�������g
,���3�&��G�,��]&��

(3) ����� DNA�������
t������;FG��������7G PCR

����� Fig. 3�%&�� ���k(`a(��k

Fig. 3. ��������7G PCR����
� 12,000 G 2 min���� �������W &�¡W¢N�v 
� 12,000 G 15 s���� ����s£�v 
� 12,000 G 30 s���� ����s£�v 
� 12,000 G 1 min���� ����s£�v 
� 12,000 G 2 min���� ����s£�v 
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���� ����������
������������������ ���� �
 !"#������! 12,000 G 15 s$��
%�&'(�M. pneumoniae�)*+,-.
�

15*/!0123�456+ QIAamp DNA Mini

Kit+7�� DNA89��:;$ DNA89+�<
=��:;! CP>$ TM>+?@��AB+ Table

1�CD DNA89<�!E�� CP>�F>�
���*/� A, E, G��� H! 4*/��G� H!
I! 11*/����� DNA89�G!E�� CP

>�F>+C�� DNA89<�$ DNA89�G

!J� CP>� 3.00KL!MN<O+PQ�*/�
F RO 3.73S ���M RO 3.02S ��G$T� DNA

89�G!E� CP>�F>���� TM>�U�
��DV����� 85.0W1.0X��G� YZ<[\
]!^_`+PQ� [E� M. pneumoniaeKa!�
)*�,-.
� 10*/��bc CP>$ TM>!
?@+ Table 2�CD DNA89�G��d$ef
!*/����ghi�!Lj�PQ<=����
DNA89<��� 10*/k 8*/���� 35 cy-

cleKl�ghi�!Lj+PQ� TM>�DV�
���� 85.0W1.0Xmn�^_`�PQ<=��

Table 2. M. pneumoniaeKa!�)**/ 10*/��bc DNA89op!qr��c CP>$ TM>?@

*/ stuvw
CP> TM>

DNA89<� DNA89�G DNA89<� DNA89�G

P ND x35.00 � 77.26 �
Q y40 x35.00 � � �
R 80 x35.00 � � �
S ND � � � �
T ND x35.00 � � �
U y40 � � � �
V y40 x35.00 � 76.52 �
W y40 x35.00 � � �
X y40 x35.00 � � �
Y y40 x35.00 x35.00 � �

CP>z crossing point{ |>$}~��!��{
TM>z melting temperature{ }~��!����{

Table 1. M. pneumoniae��*/ 15*/��bc DNA89op!qr��c CP>$ TM>!?@

*/ stuvw
CP> TM>

DNA89<� DNA89�G DNA89<� DNA89�G

A 5,120� 34.45 x35.00 84.90 85.07
B 640� 30.56 29.64 84.78 84.65
C y40��1,280� 33.44 31.80 84.85 84.61
D 2,560� 31.13 30.25 84.65 84.59
E 80��10,240� 32.22 32.91 84.99 85.16
F 640� 34.60 30.87 85.42 84.66
G 640� 33.91 34.73 84.95 84.84
H 320� 30.38 32.42 84.69 84.69
I 320� 30.67 29.72 84.94 84.82
J 5,120� 30.84 29.72 84.96 84.75
K 160� 28.74 26.76 84.79 84.68
L 1,280� 33.32 31.95 84.95 84.84
M ND 35.00 31.98 85.34 84.80
N 5,120� 31.02 28.82 84.84 84.67
O ND 34.51 31.58 85.03 84.72

CP>z crossing point{ |>$}~��!��{
TM>z melting temperature{ }~��!����{
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(4) PCR�������
�������	 PCR
��� Table 3� ��

����	 PCR
��� Table 4���� ���
������ CP����� CP�����	�� 
!�����"#! 1 mg/ml"�$ 10 mg/ml�%
� CP��&�'()*+�� ,-� �������
./01� ����234��	�5+! CP�36
7���

(5) 	
����������M. pneumoniae

������������ 
89�M. pneumoniae:;<=>?��(�@A
BC� Fig. 4���� DEFG:;>HIJKLJM
�NOP� QR� NSTU�VW� XYZ["�$\
]�^�_`a0bcd:;�e+�f�1� ghi
j#��klm� n@A�op�	� ,-� 8901
XYq3r�s:;�e#tu,vr�@A3wxy
z�f�� {L|}~�!bcd:;�e�Z�0
1� XYq
M. pneumoniae PCR@A�op�!#
�����������M��!#	� bcd:;�
e�{L|}~���1� ��_��);Z����
*�V�)�;��'()#./0�	� {L|}~

Table 3. �������	 PCR
��

���
CP� ����c����

1 mg/ml 10 mg/ml

CEZ 25.96 25.46
CAM 24.62 23.68
MINO 25.51 24.45
LVFX 25.63 24.78

ST 24.55 23.93
VCM 24.79 24.34

�� 25.20

Table 4. ������	 PCR
��

����2 CP� ����c����

�� 24.04
1 ml 24.17
5 ml 26.26

10 ml 29.77

Fig. 4. 89�"�	Mycoplasma:;>?��(����� ��
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�� !(	��M1�kOop 45�'*k� P8
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=� &=� real-time PCR�uv�1wx24yc	
RP
� SYBR Green I, Hybridization Probe, Sim-

ple Probe��� TaqMan Probe�zS�'(�*
�� ) PCR�Lt'	 SYBR Green I���=�
SYBR Green I�Q���=�L'	6d2{�R 
����=>S�I4J�L�T|}~��"iG'
*F�M)(�UV�RS'*�
)�Lt���= primer	 M. pneumoniae 16S

rRNAI4J,��2myc��� -B	 3.09 fg/ml

&'�1iG'*B=� F<	5\2.�����
W 102N1035\2�XY�� �Z�[�?0@ M.

pneumoniae\�"]�	^�_�iG'*�sO
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< DNAc1d����ef���=� �gh�	
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Construction of Inspection System for M. pneumoniae Rapid Detection

Method in Outpatients, Using Real-Time PCR Method

Akihiro Nakamura, Noriyuki Abe, Hisashi Kono, Yoshiko Fujimoto, Saori Fukuda,

Noriko Hatanaka, Syuji Matsuo

Department of Clinical Bacteriology, Clinical Pathology, Tenri Hospital

Atypical pneumonia pathogens hold about 10 to 30µ among community-acquired pneumonia patho-
gens in Japan. The quick and accurate detection of atypical pneumonia pathogens, such as M. pneumoniae,
is di$cult by the routine outpatient-based laboratory inspections. We established the M. pneumoniae rapid
detection method in outpatients, using real-time PCR method. For the purpose of establishing the inspec-
tion methods, we focused on three points as follows. First of all we used SYBR Green I as a fluorescence
detection format and 2.0 Light Cycler system, which enabled us to make up a 45-minutes rapid detection
method from specimen presentation to report of results. The primer on M. pneumoniae 16S rRNA gene was
used for this PCR method, and sensitivity for M. pneumoniae in the minimum was showed to be 3.09 fg/ml,
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which is equivalent to about 102�103 copies in number. It seems that we could be able to su$ciently cope
with an acute phase of M. pneumoniae pneumonia, although in which period numbers of bacteria could be
abundant. Next, we tried to omit the DNA extraction used in common genetic diagnostic examinations. We
compared crossing point values between two situations, one is performing DNA extraction and the other
is not, in 15 cases diagnosed as M. pneumoniae pneumonia. As a result, the PCR sensitivity did not show any
estrangement in both methods. Finally we examined about PCR inhibitors. Antibacterial agents did not
influenced the PCR process, but blood did lower the sensitivity of the PCR. We believe that introduction
of this genetic methodology into routine bacteriological examinations, such as Gram staining, bacteriologi-
cal culture tests and serological examination, can contribute to quicker and accurate bacteriological
diagnosis.

������������

�	
������ Vol. 19 No. 3 2009.34

156


