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,W�LV�D�JUHDW�SULYLOHJH�WR�ZULWH�D�VKRUW�ELRJUDSK\�RI�P\�3K'�
VXSHUYLVRU�DQG�ORQJ�WLPH�PHQWRU��2WWR�.DQGOHU��)LJXUH����

'LIÀFXOW�SDWK�WR�D�UHPDUNDEOH�FDUHHU

2WWR�.DQGOHU�ZDV�ERUQ�RQ����2FWREHU������LQ�'HJJHQGRUI��
%DYDULD��+LV� IDWKHU�ZDV� D� SURIHVVLRQDO� JDUGHQHU��*URZLQJ�
XS�DQG�KHOSLQJ�LQ�KLV�IDWKHU¶V�PDUNHW�JDUGHQ��2WWR�.DQGOHU�
EHFDPH�LQWHUHVWHG� LQ�SODQW� OLIH�DQG�ELRORJ\� LQ�JHQHUDO��+H�
had read about Darwin when he was twelve years old and 
mentioned it to a catholic priest. The priest punished him 
with two strikes on his hands with a rod. This memorable 
LQFLGHQW�PD\�KDYH�EHHQ�WKH�UHDVRQ�IRU�2WWR�.DQGOHU¶V�FRQ-
WLQXRXV�LQWHUHVW�LQ�WKH�RULJLQ�DQG�HYROXWLRQ�RI�OLIH��.DQGOHU��
������������

$V�D�YHU\�\RXQJ�PDQ�KH�ZDQWHG�WR�IROORZ�LQ�WKH�IRRWVWHSV�RI�
KLV�GDG�EXW�WKH�6HFRQG�:RUOG�:DU�LQWHUIHUHG�ZLWK�KLV�LQWHQ-
WLRQV��+H�KDG�WR�MRLQ�WKH�*HUPDQ�DUP\�DV�D�UDGLR�UHSRUWHU�
RQ�WKH�5XVVLDQ�)URQW��$W�WKH�HQG�RI�WKH�ZDU�KH�ZDV�LQ�$XV-
tria and escaped by bicycle to the Western Front to avoid 
FDSWXUH�E\�WKH�5XVVLDQV��$IWHU�VSHQGLQJ�D�IHZ�PRQWKV�LQ�DQ�
$PHULFDQ�SULVRQ�FDPS�KH�ZDV�DOORZHG�WR�UHWXUQ�KRPH��%\�
then, he was eager to study biology but in the post-war con-
IXVLRQ�LW�ZDV�GLI¿FXOW�IRU�VWXGHQWV��0XFK�RI�WKH�XQLYHUVLW\�
RI�0XQLFK�KDG�EHHQ�ERPEHG�DQG�WKH�VWXGHQWV�KDG�WR�KHOS�WR�
remove rubble from the ruins. There were no scholarships 
DYDLODEOH�DQG�VWXGHQWV�KDG�WR�¿QG�RWKHU�ZD\V�WR�SD\�IRU�WKHLU�
HGXFDWLRQ��1HYHUWKHOHVV��LQ������KH�HQUROOHG�LQ�ERWDQ\��]R-
RORJ\�� FKHPLVWU\�� DQG� SK\VLFV� DW� WKH�/XGZLJ�0D[LPLOLDQV�
8QLYHUVLW\�LQ�0XQLFK�DQG�¿QDQFHG�KLV�VWXGLHV�E\�JURZLQJ�
DQG�VHOOLQJ�FDEEDJH�DQG�ÀRZHUV�LQ�'HJJHQGRUI��+H�PDMRUHG�
in botany and, in order to study metabolism and the effect 
of auxin, he started to grow plant tissue cultures, at that 
WLPH�D�UDWKHU�QHZ�¿HOG��.DQGOHU���������������+H�UHFHLYHG�
KLV�GRFWRU¶V�GHJUHH�ZLWK�KRQRUV� LQ������ �.DQGOHU������D���
)URP������ WLOO������KH�ZDV�$VVLVWDQW�3URIHVVRU�RI�ERWDQ\�
DW�WKH�8QLYHUVLW\�LQ�0XQLFK�DQG�¿QLVKHG�KLV�³+DELOLWDWLRQ´�
LQ�������3ODQW�SK\VLRORJ\�ZDV�KLV�PDMRU�UHVHDUFK�WRSLF�EXW�±�
already at that time - he showed some interest in bacteria. In 

particular, the presence or absence of cell walls in bacteria 
FDXJKW�KLV�LQWHUHVW��+H�FRQYLQFHG�D�\RXQJ�VWXGHQW��*HUWUDXG�
6FKlIHU��WR�GR�KHU�GRFWRUDWH�XQGHU�KLV�VXSHUYLVLRQ�RQ�/�IRUP�
EDFWHULD� DQG� SOHXUR�SQHXPRQLD�OLNH� RUJDQLVPV� �33/2V���
7KH�33/2V��ZKLFK�DUH�ZDOO�OHVV��SHQLFLOOLQ�UHVLVWDQW�EDFWH-
ULD�� DUH�QRZ�FODVVL¿HG�DV�P\FRSODVPDV��*HUWUDXG�¿QLVKHG�
her doctorate with great success, and soon became his wife 
and mother of three daughters. The two of them published 
FXWWLQJ�HGJH� SDSHUV� RQ� WKH� SUROLIHUDWLRQ� RI� 33/2V� DQG� /�
IRUP�EDFWHULD�E\�D�EXGGLQJ�SURFHVV� �.DQGOHU�DQG�.DQGOHU��
������ ������ ������.DQGOHU� HW� DO��� ������� (YHQ� QRZ�� DIWHU�
PRUH�WKDQ����\HDUV��WKHVH�SXEOLFDWLRQV�DUH�VWLOO�RI�LQWHUHVW�IRU�
UHFHQW�UHVHDUFK�SURMHFWV��/HDYHU�HW�DO����������*HUWUDXG�DQG�
2WWR�.DQGOHU�KDYH�EHHQ�KDSSLO\�PDUULHG�IRU�DOPRVW����\HDUV�

Plant physiology

2WWR� .DQGOHU� ZDV� YHU\� LQWHUHVWHG� LQ� SODQW�JURZWK�SUR-
PRWLQJ� IDFWRUV� �.DQGOHU�� ������ DQG� SKRWRV\QWKHVLV� �.DQ-
GOHU�� ����E���+H� SUHVHQWHG� IRU� WKH�¿UVW� WLPH� H[SHULPHQWDO�

Figure 1. Otto Kandler in 1976.
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evidence of photophosphorylation using Chlorella cells 
�.DQGOHU�� ����E�� ������ ������ DQG� WKLV�ZDV� WKH� UHDVRQ� KH�
ZDV�RIIHUHG�D�5RFNHIHOOHU�)HOORZVKLS������±�������$W�WKDW�
time, radioactively labeled compounds were not available 
LQ�*HUPDQ\��7KHUHIRUH��KH�GHFLGHG�WR�MRLQ�WKH�ODERUDWRULHV�
RI�0DUWLQ�*LEEV�DQG�0HOYLQ�&DOYLQ�LQ�%HUNHOH\��ZKHUH�KH�
ZDV�DEOH�WR�XVH�ODEHOHG�FRPSRXQGV�IRU�KLV�H[SHULPHQWV��+H�
HQMR\HG�ZRUNLQJ� LQ� &DOLIRUQLD�� +H� WROG�PH� RQFH� WKDW� WKH�
blue skies and the pleasant ambient temperature were ideal 
WR�ZRUN� LQ� WKH� ODERUDWRU\��7RJHWKHU�ZLWK�0DUWLQ�*LEEV�KH�
published two important papers on the formation of sugars 
DV� VXEVHTXHQW� SURGXFWV� RI� WKH�&DOYLQ�&\FOH� �.DQGOHU� DQG�
*LEEV��������*LEEV�DQG�.DQGOHU���������/DWHU�RQ��KH�DQG�KLV�
group studied the biosynthesis and physiological function of 
SODQW�VSHFL¿F�ROLJRVDFFKDULGHV�VXFK�DV�DSLRVH��KDPDPHORVH��
VWDFK\RVH�� XPEHOOLIHURVH�� VHODJLQRVH� DQG�YHUEDVFRVH� �.DQ-
GOHU�DQG�+RSI���������������+H�FRQWLQXHG�KLV�UHVHDUFK�RQ�
SKRWRV\QWKHVLV��7DQQHU�HW�DO���������.ORE�HW�DO���������

$W�WKH�HQG�RI�KLV�FDUHHU�KH�ZDV�D�¿HUFH�RSSRQHQW�RI�WKH�VR�
FDOOHG� ³:DOGVWHUEHQ´� �IRUHVW� GLHEDFN��� LQLWLDWHG� WKURXJK� D�
K\VWHULFDO� GLVFXVVLRQ� WKDW� VWDUWHG� LQ�*HUPDQ\� LQ� WKH� HDUO\�
����V� �.DQGOHU�� �������7KHUH�ZDV� DQ� RQJRLQJ�� TXLWH� HPR-
WLRQDO�GLVFXVVLRQ�DERXW� WKH�VWDWH�RI� WKH�*HUPDQ�IRUHVW��+H�
had been publically discredited and even personally insulted 
GHVSLWH�KLV� FRQYLQFLQJ� VFLHQWL¿F�DUJXPHQWV� WKDW� IRUHVW�GLH-
backs had already occurred in former times. Therefore, he 
ZDV� TXLWH� SOHDVHG� WKDW� WKH�ZRUOG�NQRZQ� SKLORVRSKHU�.DUO�
3RSSHU� VXSSRUWHG� KLV� FULWLFDO� DWWLWXGH� WRZDUGV� WKH� ³JUHHQ�
VDJD�RI�:DOGVWHUEHQ´��3RSSHU¶V�SKUDVH��LQ�DQ�LQWHUYLHZ�ZLWK�
WKH�*HUPDQ�PDJD]LQH�Spiegel�LQ������

Professional career

8SRQ�KLV�UHWXUQ�IURP�WKH�8QLWHG�6WDWHV�KH�ZDV�GLVVDWLV¿HG�
with the poor laboratory conditions at the university and was 
JODG� WR�¿QG�DQ�RSSRUWXQLW\� WR�EHFRPH�GLUHFWRU�RI� WKH�%DF-
WHULRORJLFDO� ,QVWLWXWH�RI� WKH�6RXWK�*HUPDQ�'DLU\�5HVHDUFK�
&HQWHU� LQ�)UHLVLQJ�:HLKHQVWHSKDQ� LQ� ������7KLV�ZDV� DFWX-
ally a brave decision since he had no inkling of dairy micro-
biology but soon he developed an interest in applied micro-
biology and biotechnology that he maintained throughout 
his career.

,Q�������KH�ZDV�DSSRLQWHG�)XOO�SURIHVVRU�DQG�+HDG�RI�WKH�
'HSDUWPHQW�RI�%RWDQ\�RI�WKH�7HFKQLFDO�8QLYHUVLW\�0XQLFK�
and simultaneously maintained his position as director of 
the Bacteriological Institute in Freising. It was convenient 
for me since I was living in Freising and did not have to take 
WKH� WUDLQ� WR�0XQLFK� WR�GR�P\�GLSORPD�DQG�GRFWRUDO� WKHVLV�
XQGHU� WKH� VXSHUYLVLRQ� RI� 2WWR� .DQGOHU�� 7KH� GLVDGYDQWDJH��

however, was that the only time to meet him and discuss 
VFLHQWL¿F�PDWWHUV�ZDV�RQ�ZHHNHQGV��PDLQO\�RQ�ODWH�RQ�6DWXU-
GD\�DIWHUQRRQV�RU�6XQGD\�PRUQLQJV�

,Q�������KH�ZDV�DSSRLQWHG�)XOO�SURIHVVRU�DQG�+HDG�RI�WKH�
'HSDUWPHQW�RI�%RWDQ\�RI�WKH�/XGZLJ�0D[LPLOLDQV�8QLYHU-
VLW\�DQG�VWD\HG�WKHUH�XQWLO�KLV�UHWLUHPHQW�LQ�������+H�ZDV�DQ�
KRQRUDU\�PHPEHU�RI� WKH�*HUPDQ�6RFLHW\�RI�+\JLHQH� DQG�
0LFURELRORJ\��+H�ZDV�ERWK�'HDQ�RI�WKH�)DFXOW\�RI�*HQHUDO�
6FLHQFHV��780�������DQG�RI�WKH�)DFXOW\�RI�%LRORJ\��/08�
�������)URP������WR������KH�ZDV�D�PHPEHU�RI�WKH�6HQDWH�RI�
WKH�*HUPDQ�6FLHQFH�)RXQGDWLRQ��')*���)URP������WR������
KH�ZDV�&KDLUPDQ�RI�WKH�6FLHQWL¿F�$GYLVRU\�%RDUG�RI�WKH�1D-
tional Research Center of Biotechnology in Braunschweig. 
+H�ZDV�DOVR�WKH�SULPH�PRYHU�IRU�WKH�IRXQGDWLRQ�RI�WKH�*HU-
PDQ�&ROOHFWLRQ�RI�0LFURRUJDQLVPV�DQG�WKH�IRXQGHU�DV�ZHOO�
DV� WKH�(GLWRU�LQ�&KLHI� RI�Systematic and Applied Microbi-
ology and served for a long time on the editorial board of 
$UFKLYHV�RI�0LFURELRORJ\�DQG�=HLWVFKULIW�I�U�3ÀDQ]HQSK\VL-
RORJLH��+H�ZDV�HOHFWHG�WR�WKH�*HUPDQ�1DWLRQDO�$FDGHP\�RI�
6FLHQFHV��/HRSROGLQD��LQ������DQG�WR�WKH�%DYDULDQ�$FDGHP\�
RI�6FLHQFHV�LQ�������+H�UHFHLYHG�WKH�%HUJH\�$ZDUG�LQ������
DQG� WKH�)HUGLQDQG�&RKQ�0HGDO�RI� WKH�*HUPDQ�6RFLHW\�RI�
+\JLHQH�DQG�0LFURELRORJ\��'*+0��LQ�������+H�UHFHLYHG�
KRQRUDU\�GRFWRUDO�GHJUHHV�IURP�WKH�8QLYHUVLW\�*KHQW��%HO-
JLXP��LQ������DQG�IURP�WKH�7HFKQLFDO�8QLYHUVLW\�0XQLFK�LQ�
������)LJXUH����

+H� LV� DQ� KRQRUDU\�PHPEHU� RI� WKH�$VVRFLDWLRQ� RI�*HQHUDO�
DQG�$SSOLHG�0LFURELRORJ\�� WKH� ODUJHVW�PLFURELRORJLFDO� VR-
FLHW\�LQ�*HUPDQ\��+H�KDG�VHYHUDO�RSSRUWXQLWLHV�WR�PRYH�WR�
RWKHU�SRVLWLRQV�RXWVLGH�RI�%DYDULD�EXW�KH�QHYHU�DFFHSWHG��+H�

Figure 2. Otto and Gertraud Kandler during the confer-
ral ceremony of the honorary doctorate at the Technical 
University of Munich (1985).
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is tightly connected to his homeland and the following quo-
WDWLRQ�PD\�FRPH�FORVH�WR�KLV�DWWLWXGH��Extra Bavariam nulla 
vita est, et si est vita, non est ita��7KHUH�LV�QR�OLIH�RXWVLGH�RI�
Bavaria, and if yes, not this one).

2WWR�.DQGOHU¶V� SURIHVVLRQDO� SUR¿OH� FUHDWHV� WKH� LPSUHVVLRQ�
WKDW�KLV�PDMRU�LQWHUHVWV�DUH�ERWDQ\��+RZHYHU��KLV�VFLHQWL¿F�
DFWLYLWLHV� ZHUH� PXFK� EURDGHU� DQG� FHUWDLQO\� KDG� DQ� LQÀX-
HQFH� RQ� KLV� WHDFKLQJ� DFWLYLWLHV��+H� FDOOHG� KLPVHOI� D� ELROR-
gist. Therefore, he taught, not only general botany and plant 
physiology, but also ecology, food microbiology and bacte-
ULDO�WD[RQRP\��)LJXUH�����+LV�EURDG�VFLHQWL¿F�LQWHUHVWV�FDQ�
EH�HDVLO\�MXGJHG�IURP�WKH�WLWOHV�RI�KLV�����SXEOLFDWLRQV��7KH�
topics range from plant tissue cultures, plant physiology, 
photosynthesis, plant oligosaccharides, bacterial cell walls, 
physiology of bacteria, applied microbiology to “Waldster-
EHQ´� DQG� RULJLQ� RI� OLIH� DQG� HYROXWLRQ��+RZHYHU�� LW� KDV� WR�
be mentioned that about two thirds of his publications deal 
ZLWK�PLFURELRORJLFDO�DVSHFWV��.DQGOHU¶V�EURDG�VFLHQWL¿F�DF-
WLYLWLHV�DUH�DOVR�UHÀHFWHG�E\�WKH�IDFW�WKDW�IRXU�RI�KLV�IRUPHU�
3K'� VWXGHQWV� RU� FRZRUNHUV�ZHUH� DSSRLQWHG� DV� IXOO� SURIHV-
VRUV�RI�ERWDQ\�DQG����DV�PLFURELRORJLVWV��+�+��0DUWLQ��+�-��
.XW]QHU��5��3ODSS��$��%|FN��.�+��6FKOHLIHU��0��7HXEHU��.��
2��6WHWWHU��:��+DPPHV��:��+RO]DSIHO��)��)LHGOHU��+��.|QLJ��
-��:LQWHU��DQG�5��+HQVHO��

The chemical composition of bacterial 
cell walls

2WWR�.DQGOHU�ZDV�RQH�RI�WKH�¿UVW�VFLHQWLVWV�ZKR�VWXGLHG�WKH�
FHOO�ZDOO�RI�EDFWHULD��$OUHDG\�LQ������KH�SXEOLVKHG�D�SDSHU�
in Nature on the cell-wall composition of Proteus vulgaris 
�.DQGOHU� HW� DO��� ������ DQG� RI� RWKHU� EDFWHULD� �.DQGOHU� DQG�
+XQG���������/DWHU�RQ�KH�LQYHVWLJDWHG�WKH�LQKLELWLQJ�HIIHFWV�
of penicillin and cycloserine on the biosynthesis of bacterial 
FHOO�ZDOOV��5DX�+XQG�DQG�.DQGOHU��������3ODSS�DQG�.DQGOHU��
����D������E���6XEVHTXHQW�WR�WKH�GHVLJQ�DQG�GHYHORSPHQW�RI�
a simple method for the determination of the primary struc-
WXUH�RI�SHSWLGRJO\FDQ��6FKOHLIHU�DQG�.DQGOHU���������PRVW�
of the currently known peptidoglycan types were described 
E\�.DQGOHU¶V�JURXS��VHH�6FKOHLIHU�DQG�.DQGOHU���������7KH\�
also studied the exogeneous and endogenous effects on the 
PRGL¿FDWLRQ�RI�SHSWLGRJO\FDQ� �6FKOHLIHU� HW� DO��� ������ DQG�
WKH� ELRV\QWKHVLV� RI� SHSWLGRJO\FDQ� �+DPPHV� DQG� .DQGOHU��
������� ,Q� ������ .DQGOHU� DQG�+LSSH� GHVFULEHG� WKH� ODFN� RI�
peptidoglycan in Methanosarcina barkeri. This was the be-
JLQQLQJ�RI�KLV�LQWHUHVW�LQ�DUFKDHDO�UHVHDUFK��VHH�EHORZ��

Bacterial physiology

.DQGOHU¶V� LQWHUHVW� LQ� SODQW� ELRFKHPLVWU\� DQG� SK\VLRORJ\�
DOVR�KDG�DQ�LPSDFW�RQ�KLV�EDFWHULRORJLFDO�VWXGLHV��$OUHDG\�LQ�

������KH�GHWHUPLQHG�WKH�DPLQR�DFLG�FRPSRVLWLRQ�RI�K\GURO\-
VDWHV�RI�EDFWHULD�E\�SDSHU�FKURPDWRJUDSK\��.DQGOHU�DQG�=H-
KHQGHU���������$W�WKH�VDPH�WLPH��KH�FDUULHG�RXW�FRPSDUDWLYH�
studies on the metabolism of nucleic acid and respiration 
of Proteus vulgaris and pleuropneumonia-like organisms 
�.DQGOHU�HW�DO���������DV�ZHOO�DV�VWXGLHV�RQ�WKH�SK\VLRORJ\�
of Caulobacter��+XQG�DQG�.DQGOHU���������,Q�������KH�SXE-
OLVKHG� LQ�1DWXUH�D�VWXG\�RQ� WKH�ELRV\QWKHVLV�RI�DFHWRLQ�E\�
Leuconostoc citrovorum. �.DQGOHU� DQG� %XVVH�� ������� +H�
was also interested in the carbohydrate metabolism of lactic 
DFLG�EDFWHULD��:HLVV�HW�DO���������6WHWWHU�DQG�.DQGOHU��������
.DQGOHU�� ������� FHOOXORPRQDV� �6WDFNHEUDQGW� DQG� .DQGOHU��
������DQG�EL¿GREDFWHULD��/DXHU�DQG�.DQGOHU��������

Taxonomy of bacteria

2WWR�.DQGOHU�KDG�D�VWURQJ�LQWHUHVW�LQ�WKH�V\VWHPDWLFV�RI�SODQWV�
DQG�HVSHFLDOO\�RI�EDFWHULD��.DQGOHU�DQG�6FKOHLIHU���������$O-
UHDG\�LQ������KH�SURSRVHG�WKDW�WKH�DPLQR�DFLG�FRPSRVLWLRQ�
of the cell walls of bacteria may be used for the differen-
WLDWLRQ�RI�EDFWHULD� LQ�GDLU\�SURGXFWV��.DQGOHU�HW�DO����������
6XEVHTXHQWO\�� KH� GHDOW� ZLWK� WKH� FODVVL¿FDWLRQ� RI� VWDSK\OR-
FRFFL�DQG�ODFWREDFLOOL��$ER�(OQDJD�DQG�.DQGOHU��������.DQ-
GOHU������D���+H�GHVFULEHG�QHZ�VSHFLHV�RI�ODFWREDFLOOL��/DXHU�
DQG�.DQGOHU��������:HL��HW�DO���������.DQGOHU�HW�DO�������D��
����E��.DQGOHU�DQG�.XQDWK���������VWUHSWRFRFFL��&ROOLQV�HW�
DO��� ������ ������� FHOOXORPRQDV� �6WDFNHEUDQGW� DQG�.DQGOHU�
�������������DFHWRPLFURELD��6RXWVFKHN�HW�DO���������DQG�ED-
FLOOL��6FKRO]�HW�DO����������+H�DOVR�PDGH�LPSRUWDQW�FRQWULEX-
WLRQV�WR�WKH�WD[RQRP\�RI�EL¿GREDFWHULD��.DQGOHU�DQG�/DXHU��
������/DXHU�DQG�.DQGOHU���������,Q�������KH�UHFRJQL]HG�WKDW�
WKH�DPLQR�DFLG�VHTXHQFH�RI� WKH�SHSWLGRJO\FDQ��PXUHLQ��RI�
the bacterial cell wall is a valuable chemotaxonomic marker 
�.DQGOHU������E���$�OLWWOH�ODWHU��WKH�GLIIHUHQW�SHSWLGRJO\FDQ�
types and their taxonomic implication were described in a 

Figure 3.�'LJJLQJ�XS�D�VRLO�SURÀOH�IRU�WKH�VWXGHQWV�
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UHYLHZ�LQ�PRUH�GHWDLO��6FKOHLIHU�DQG�.DQGOHU���������%\�WKH�
way, this review is a citation classic and one of the most 
FLWHG�SDSHUV� LQ�EDFWHULRORJ\� �PRUH� WKDQ������ WLPHV�FLWHG���
+H�DOVR�ZURWH�D�UHYLHZ�RQ�WKH�HYROXWLRQ�RI�WKH�V\VWHPDWLFV�
RI�EDFWHULD��.DQGOHU������D��DQG�FRDXWKRUHG�D�VWXG\�RQ�WKH�
phylogenetic relationship of the genera Thermus and Deino-
coccus��+HQVHO�HW�DO���������

Applied microbiology and biotechnology

/RXLV�3DVWHXU�ZDV�RQH�RI�.DQGOHU¶V�VFLHQWL¿F�KHURHV��,�VWLOO�
FDQ� UHPHPEHU� WZR�TXRWHV�RI�3DVWHXU�KH�PHQWLRQHG� WR�PH�
at several occasions and which are characteristic of his at-
titude. “Where observation is concerned, chance favors 
only the prepared mind” and “there are no such things as 
applied sciences, only applications of science”. Therefore, 
KH�ZDV�DOZD\V� IXOO�RI� LGHDV� WR�H[SORLW�KLV� VFLHQWL¿F�¿QG-
ings. During his tenure as director of the Bacteriological 
,QVWLWXWH� RI� WKH� 6RXWK� *HUPDQ� 'DLU\� 5HVHDUFK� &HQWHU� LQ�
Freising-Weihenstephan he focused on dairy microbiology. 
+H�VWXGLHG�WKH�VKHOI�OLIH�RI�PLON�WKDW�ZDV�KHDWHG�XQGHU�GLI-
IHUHQW� FRQGLWLRQV� �.DQGOHU�� ������� GHVLJQHG� QHZ�PHWKRGV�
IRU�FKHFNLQJ�WKH�TXDOLW\�RI�UDZ�PLON��.DQGOHU���������GHDOW�
ZLWK�IDLOXUHV�GXULQJ�WKH�SURGXFWLRQ�RI�\RJKXUW��.DQGOHU�DQG�
)UDQN���������VWXGLHG� WKH�HIIHFW�RI�EDFWHULD�FRQWHQW�RQ� WKH�
TXDOLW\�RI�UDZ�PLON��.DQGOHU������D��DQG�WKH�XWLOL]DWLRQ�RI�
Lactobacillus acidophilus as starter culture for dairy prod-
XFWV��.DQGOHU������E��DV�ZHOO�DV�WKH�SHUFHQWDJH�RI�l�����DQG�
d�í��ODFWLF�DFLG�LQ�VDPSOHV�RI�\RJKXUW��.XQDWK�DQG�.DQGOHU��
�������+H�KROGV�GLIIHUHQW�SDWHQWV�RQ�VWDUWHU�FXOWXUHV�IRU�WKH�
SURGXFWLRQ� RI� IHUPHQWHG�PLON� DQG� YHJHWDEOH� �6DXHUNUDXW��
SURGXFWV��+H�DOVR�SURSRVHG�PHWKRGV�IRU�VXFFHVVIXOO\�FRP-
EDWLQJ�PLFUR�RUJDQLVPV�LQ�FRROLQJ�ZDWHU�V\VWHPV��.DQGOHU��
�������,Q�������KH�SXEOLVKHG�D�UHYLHZ�RQ�WKH�WD[RQRP\�DQG�
WHFKQRORJLFDO� LPSRUWDQFH� RI� ODFWREDFLOOL� �.DQGOHU�� �������
0RUHRYHU��KH�LQYHVWLJDWHG�FRQGLWLRQV�IRU�WKH�NLOOLQJ�RI�EDF-
WHULDO�VSRUHV�DW�XOWUD�KLJK�WHPSHUDWXUH��0LOOHU�DQG�.DQGOHU��
������� /DWHU� RQ� KH� FRQGXFWHG� UHVHDUFK� RQ� WKHUPRSKLOLF�
PHWKDQRJHQV�DQG�WKHLU�DELOLW\�WR�SURGXFH�PHWKDQH��ELRJDV��
from sewage and other waste. For instance, he investigated 
WKH�HI¿FLHQF\�DQG�VWDELOLW\�RI�PHWKDQH�IRUPDWLRQ�RI�ZDVWHV�
DW�PHVRSKLOLF�DQG�WKHUPRSKLOLF�WHPSHUDWXUHV��.DQGOHU�HW�DO���
������ DQG�ZURWH� D� UHYLHZ�RQ�DUFKDHEDFWHULD� DQG� WKHLU� ELR-
WHFKQRORJLFDO�LPSOLFDWLRQV��.DQGOHU������E��

The founder of archaebacterial research 
in Germany

In my opinion, the launching of archaebacterial research in 
*HUPDQ\�ZDV�SUREDEO\�WKH�PRVW�VXFFHVVIXO�DQG�IDU�UHDFKLQJ�
GHFLVLRQ�LQ�KLV�RXWVWDQGLQJ�VFLHQWL¿F�FDUHHU��+H�ZDV�WKH�¿UVW�
VFLHQWLVW� RXWVLGH� WKH�8QLWHG� 6WDWHV�ZKR� UHFRJQL]HG� WKH� IX-

ture importance of archaebacterial research. Based on his 
LQWHUHVW�LQ�EDFWHULDO�FHOO�ZDOOV��VHH�DERYH���KH�DQG�KLV�JURXS�
DQDO\]HG� WKH� FHOO�ZDOOV� RI� H[WUHPH�KDORSKLOHV� �6WHEHU� DQG�
6FKOHLIHU�� ������ DQG� RI�Methanosarcina barkeri �.DQGOHU�
DQG� +LSSH�� ������� %RWK� RUJDQLVPV� ODFNHG� SHSWLGRJO\FDQ��
a unique component of the bacterial cell wall. During this 
WLPH�0DUYLQ�%U\DQW�ZDV�YLVLWLQJ�.DQGOHU�LQ�0XQLFK��7KH\�
had planned a joint research project on the cell-wall compo-
VLWLRQ� RI� RWKHU�PHWKDQRJHQLF� EDFWHULD��:KLOH�0DUYLQ�%U\-
DQW�ZDV�VLWWLQJ�LQ�2WWR�.DQGOHU¶V�RI¿FH��D�OHWWHU�IURP�5DOSK�
Wolfe arrived reporting from Carl Woese’s exciting results 
on the unique phylogenetic position of methanogenic bac-
WHULD�ZLWKLQ�SURNDU\RWHV��,Q�������.DQGOHU�ZURWH� WR�:ROIH�
and mentioned that methanogens and halophiles may be 

“ancient relics” that have branched off from the bulk of the 
SURNDU\RWHV�EHIRUH�SHSWLGRJO\FDQ�KDG�EHHQ�³LQYHQWHG´��+H�
asked Wolfe to send him lyophilized cells of methanogens 
IRU�DQDO\]LQJ�WKHLU�FHOO�ZDOOV��,Q�-DQXDU\�������.DQGOHU�DW-
WHQGHG�D�*RUGRQ�&RQIHUHQFH�RQ�EDFWHULDO�FHOO�ZDOOV�LQ�6DQWD�
0RQLFD�DQG�YLVLWHG�5DOSK�:ROIH�LQ�8UEDQD�RQ�KLV�ZD\�EDFN�
WR�*HUPDQ\��,W�ZDV�WKH�¿UVW�WLPH�.DQGOHU�PHW�&DUO�:RHVH�
and learned about his results of the comparative cataloguing 
RI���6�U51$�DQG�WKHLU�SK\ORJHQHWLF�LPSOLFDWLRQV��.DQGOHU�
was deeply impressed. When he returned from the United 
6WDWHV�KH�ZDV�YHU\�H[FLWHG�DQG�WROG�KLV�FR�ZRUNHUV�WKDW�KH�
KDV�PHW� ³WKH�'DUZLQ� RI� WKH� ��WK� FHQWXU\´� �)LJXUH� ����+H�
was convinced that research on Archaebacteria had a great 
IXWXUH�DQG�KH�ZDV�VXFFHVVIXO�LQ�SHUVXDGLQJ�WKH�*HUPDQ�UH-
search organization to support special research projects for 
this group of organisms. This was the beginning of a success 
VWRU\�RQ�DUFKDHEDFWHULDO�UHVHDUFK�LQ�*HUPDQ\�ZLWK�PDQ\�VFL-
HQWLVWV�LQYROYHG�VXFK�DV�$XJXVW�%|FN��*HUKDUG�*RWWVFKDON��
.DUO�2WWR�6WHWWHU��5DOI�7KDXHU�DQG�:ROIUDP�=LOOLJ�� MXVW� WR�
name a few.

,Q�FRQWUDVW�WR�WKH�8QLWHG�6WDWHV��ZKHUH�DUFKDHEDFWHULDO�IXQG-
ing was quite poor, this kind of research expanded quickly in 
*HUPDQ\�GXH�WR�2WWR�.DQGOHU¶V�VWUHQXRXV�HIIRUWV��+H�RUJD-
QL]HG�WKH�¿UVW�PHHWLQJ�RQ�DUFKDHEDFWHULD�LQ�0XQLFK�LQ������
DQG�DOVR�WKH�¿UVW�LQWHUQDWLRQDO�ZRUNVKRS�RQ�DUFKDHEDFWHULD�
LQ� ������:RHVH¶V� SDUWLFLSDWLRQ� LQ� WKHVH� PHHWLQJV� ZDV� DQ�
important impulse for further research on archaebacteria in 
*HUPDQ\��7ZHOYH�SURIHVVRUV�IURP�DFURVV�*HUPDQ\�DWWHQGHG�
the meetings. Woese was met with fanfare and a brass band 
ZKHQ�KH�DUULYHG�LQ�0XQLFK��/HFWXUHV�RI�WKHVH�PHHWLQJV�ZHUH�
published as special issues of Systematic and Applied Mi-
crobiology��D�MRXUQDO�WKDW�ZDV�ODXQFKHG�E\�.DQGOHU�LQ�������
:RHVH�ZDV�VR�LPSUHVVHG�E\�.DQGOHU¶V�DFWLYLWLHV�DQG�HIIRUWV�
WKDW�KH�ZURWH�WR�:ROIUDP�=LOOLJ�LQ������³0XQLFK�ZLOO�VRRQ�
be even more famous as the world capital for archaebacte-
rial research than for its beer” and “a bit of my heart still 
UHPDLQV�LQ�0�QFKHQ´��6DSS��������



145

Karl-Heinz Schleifer

The Bulletin of BISMiS

$�ORQJ�ODVWLQJ�IULHQGVKLS�GHYHORSHG�EHWZHHQ�2WWR�.DQGOHU�
and Carl Woese. Woese called it a “complementary rela-
WLRQVKLS´��$�FORVH�FROODERUDWLRQ�HYROYHG��7KH�8UEDQD�JURXS�
DQDO\]HG�WKH���6�U51$�JHQH�VHTXHQFHV�RI�EDFWHULD�DQG�DU-
FKDHEDFWHULD��ZKHUHDV� WKH�0XQLFK�JURXS�VWXGLHG�WKHLU�FHOO�
ZDOO� FRPSRVLWLRQ�� �.DQGOHU� DQG�.|QLJ���������7KH�FKHPL-
cal structure of the unique pseudomurein was elucidated 
�.|QLJ�DQG�.DQGOHU������D������E��.|QLJ�HW�DO���������DQG�
LWV�ELRV\QWKHVLV�LQYHVWLJDWHG��.|QLJ�HW�DO���������+DUWPDQQ�
HW�DO���������

To further improve the collaboration with the Urbana group, 
(UNR�6WDFNHEUDQGW��D�IRUPHU�3K'�VWXGHQW�RI�.DQGOHU��MRLQHG�
&DUO�:RHVH¶V�ODERUDWRU\�LQ������ZKHUH�KH�VSHQW�D�YHU\�SUR-
ductive year as a postdoc. Upon his return from Urbana, 
6WDFNHEUDQGW� JRW� D� SRVLWLRQ� DV� D� UHVHDUFK� DVVRFLDWH� DW� WKH�
'HSDUWPHQW�RI�0LFURELRORJ\�DW�WKH�7HFKQLFDO�8QLYHUVLW\�RI�
0XQLFK� DQG� LQWURGXFHG� DQG� LPSURYHG� WKH��6� U51$� WHFK-
QRORJ\�WRJHWKHU�ZLWK�:ROIJDQJ�/XGZLJ�

2WWR�.DQGOHU��&DUO�:RHVH�DQG�:ROIUDP�=LOOLJ�EHJDQ�D�SHU-
sistent mutual discussion about the relationship among 
the Archaebacteria, Eubacteria and Eucarya. In particular, 
=LOOLJ¶V� VWXGLHV� RQ�51$�SRO\PHUDVHV� VXSSRUWHG� WKH� IXQGD-
PHQWDO�XQLTXHQHVV�RI�DUFKDHEDFWHULD��=LOOLJ�HW�DO����������,Q�
������.DQGOHU� UHFRPPHQGHG� VKRUWHQLQJ� WKH� QDPHV� RI� WKH�
WKUHH�JURXSV��$IWHU�ORQJ�GHEDWHV�.DQGOHU�DQG�:RHVH�DJUHHG�
to name them Archaea, Bacteria and Eucarya.� +RZHYHU��
there was still no decision about what to call the taxonomic 
OHYHO��6HYHUDO�SURSRVDOV�ZHUH�FRQVLGHUHG��H�J��HPSLUH��UHDOP��
urkingdom or domain. Finally, they agreed on the term do-
PDLQ��:RHVH�HW�DO����������$V�PHQWLRQHG�EHIRUH��2WWR�.DQ-
dler was also very interested in the early evolution of life 
and in one of his last papers he rejected the existence of a 

FRPPRQ�³¿UVW�FHOO´��RIWHQ�UHIHUUHG�WR�DV�/8&$�±�ODVW�XQL-
YHUVDO�FRPPRQ�DQFHVWRU���+H�SRVWXODWHG�WKDW�HDFK�RI�WKUHH�
domains of life had its own progenitor cell which originated 
IURP� D� ³PXOWLSKHQRW\SLFDO� SRSXODWLRQ� RI� SUH�FHOOV´� �.DQ-
GOHU��������

Résumé

2WWR�.DQGOHU��3URIHVVRU�(PHULWXV�RI�%RWDQ\�DW�WKH�/XGZLJ�
0D[LPLOLDQV�8QLYHUVLW\�0XQLFK� LV� DQ� LQWHUQDWLRQDOO\�ZHOO�
known, highly respected scientist and one of the most out-
VWDQGLQJ�PLFURELRORJLVWV�LQ�*HUPDQ\��+H�KDG�D�WUHPHQGRXV�
enthusiasm for research on a wide variety of different topics, 
both in microbiology and plant physiology. In microbiol-
ogy, he is particularly well known for his work on bacterial 
and archaeal cell walls and their implication on taxonomy 
DQG� SK\ORJHQ\��+H�ZDV� WKH�¿UVW� VFLHQWLVW�ZKR� UHFRJQL]HG�
the importance of cell-wall composition for the differentia-
tion of Bacteria from Archaea and initiated the successful 
funding of research on Archaea�LQ�*HUPDQ\��0RUHRYHU��KH�
was also interested in the physiology and biochemistry of 
several groups of bacteria, especially lactic acid bacteria as 
well as food microbiology and biotechnology such as the 
optimization of biogas production under mesophilic and 
WKHUPRSKLOLF�FRQGLWLRQV��+H�ZDV�D�GHGLFDWHG�DQG�H[WUHPHO\�
KDUG�ZRUNLQJ�VFLHQWLVW�DQG�KDG�WKH�DELOLW\�WR�¿OO�KLV�VWXGHQWV�
with his enthusiasm for research. Therefore, it is not sur-
prising that many of his former students and co-workers 
DGYDQFHG�WR�OHDGLQJ�SRVLWLRQV�LQ�WKH�¿HOG�RI�PLFURELRORJ\��
0XFK�RI�2WWR�.DQGOHU¶V�OLIH�ZDV�VKDUHG�ZLWK�KLV�FDULQJ�ZLIH�
DQG�IRUPHU�3K'�VWXGHQW��*HUWUDXG��ZKR�LV�HTXDOO\�HQWKXVL-
astic about science as her husband, and their three beloved 
daughters. Despite his numerous activities he always had an 
open ear for his family.

$OWKRXJK� KH� ZDV� VWURQJ�ZLOOHG�� KLV� FRQFHUQ� IRU� IDLUQHVV��
thoroughness, and pride in accomplishment governed his 
EHKDYLRU� LQ� HYHU\� SHUVRQDO� DQG� SURIHVVLRQDO� VLWXDWLRQ��+H�
had exceptionally high standards of performance and his 
JLIW� IRU� VFLHQWL¿F�DQDO\VLV�ZDV�PRUH� WKDQ�D�PDWFK� IRU� DQ\�
SUREOHP��+H�ZDV�DQ�H[WUHPHO\�DFXWH�DQG�UHOLDEOH�FULWLF�DQG�
UHSRUWHU�RI�ERWK� VFLHQWL¿F�PDWWHUV�DQG�KXPDQ�DIIDLUV�� ,W� LV�
not often that one has the opportunity to share the joy of ex-
periences of science with someone who feels the same way. 
,�ZDV�IRUWXQDWH�WR�KDYH�KDG�2WWR�.DQGOHU�DV�D�PHQWRU�DQG�
VSLULWXDO� IDWKHU��+H� LV�D� UHPDUNDEOH� LQGLYLGXDO��DQG�KH� OHIW�
his mark not only on science, but on all those who interacted 
with him.
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.DQGOHU��2�� ������&HOO�ZDOO� ELRFKHPLVWU\� LQ�Archaea and 
LWV�SK\ORJHQHWLF�LPSOLFDWLRQV��-��%LRO��3K\V��20:����±����

.DQGOHU��2��DQG�0��%XVVH��������%LRV\QWKHVLV�RI�DFHWRLQ�E\�
Leuconostoc citrovorum. 1DWXUH�189:����±����

.DQGOHU��2��DQG�+��)UDQN��������3URGXNWLRQVVW|UXQJHQ�EHL�
-RJKXUW� ±� 0|JOLFKNHLWHQ� ]X� LKUHU� %HVHLWLJXQJ�� 'WVFK��
0RON��=��84: ���±����

.DQGOHU��2�DQG�0�*LEEV��������$V\PPHWULF�GLVWULEXWLRQ�RI�
C�� in the glucose phosphates formed during photosyn-
WKHVLV��3ODQW�3K\VLRO��31: ���±����

.DQGOHU��2��DQG�+��+LSSH��������/DFN�RI�SHSWLGRJO\FDQ�LQ�
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the cell walls of Methanosarcina barkeri.�$UFK��0LFUR-
biol. 113:���±���

.DQGOHU�� 2�� DQG� +�� +RSI�� ������ 2FFXUUHQFH�� PHWDEROLVP�
and function of oligosaccharides. In The Biochemistry of 
3ODQWV�� YRO�� �� �HGLWHG� E\� 3UHLVV���$FDGHPLF� 3UHVV��1HZ�
<RUN��SS�����±����

.DQGOHU��2��DQG�+��+RSI��������2OLJRVDFFKDULGHV�EDVHG�RQ�
VXFURVH��VXFURV\O�ROLJRVDFFKDULGHV���In�(QFFORSHGLD�3ODQW�
3K\VLRORJ\� �HGLWHG� E\� /RHZXV� DQG� 7DQQHU��� 6SULQJHU��
1HZ�<RUN��SS�����±����

.DQGOHU��2��DQG�$��+XQG��������8QWHUVXFKXQJHQ��EHU�GLH�
$PLQRVlXUH]XVDPPHQVHW]XQJ�YRQ�%DNWHULHQPHPEUDQHQ��
=HQWUDOEO��%DNWHULRO��,,�113:���±���

.DQGOHU��*��DQG�2��.DQGOHU��������8QWHUVXFKXQJHQ��EHU�GLH�
0RUSKRORJLH�XQG�GLH�9HUPHKUXQJ�GHU�SOHXURSQHXPRQLH�
lKQOLFKHQ�2UJDQLVPHQ�XQG�GHU�/�3KDVH�GHU�%DNWHULHQ��,��
/LFKWPLNURVNRSLVFKH�8QWHUVXFKXQJHQ��$UFK��0LNURELRO��
21:���±����

.DQGOHU��*�� DQG�2��.DQGOHU�� ������(UQlKUXQJV�� XQG� VWRII-
wechselphyiologische Untersuchungen an pleuropneu-
PRQLH�lKQOLFKHQ�2UJDQLVPHQ�XQG�GHU�/�3KDVH�GHU�%DN-
WHULHQ��=HQWUDOEO��%DNWHULRO��108:����±����

.DQGOHU��2�� DQG�*��.DQGOHU�� ������7UHQQXQJ� XQG�&KDUDN-
WHULVLHUXQJ� YHUVFKLHGHQHU� /�3KDVHQ�7\SHQ� YRQ� Proteus 
vulgaris��=��1DWXUIRUVFK��11b:����±����

.DQGOHU��2��DQG�+��.|QLJ��������&KHPLFDO�FRPSRVLWLRQ�RIW�
he peptidoglycan-free cell walls of methanogenic bacte-
ULD��$UFK��0LFURELRO��118: ���±����

.DQGOHU��2��DQG�+��.|QLJ��������&HOO�HQYHORSHV�RI�DUFKDH-
bacteria. In�7KH�%DFWHULD�� YRO�� �� �HGLWHG� E\�:RHVH� DQG�
:ROIH���$FDGHPLF�3UHVV��1HZ�<RUN��SS�����±����

.DQGOHU�� 2�� DQG� 3�� .XQDWK�� ������ /DFWREDFLOOXV� NH¿U sp. 
QRY���D�FRPSRQHQW�LQ�WKH�PLFURÀRUD�RI�NH¿U��6\VW��$SSO��
0LFURELRO��4:����±����

.DQGOHU��2��DQG�.�+��6FKOHLIHU��������6\VWHPDWLFV�RI�EDFWH-
ria. Fortschritte der Botanik 42: ���±����

.DQGOHU�� 2�� DQG� &�� =HKHQGHU�� ������ 3DSLHUFKURPDWRJUD-
SKLVFKH� 8QWHUVXFKXQJ� GHU� $PLQRVlXUH�]XVDPPHQVHW-
]XQJ�HLQLJHU�%DNWHULHQK\GURO\VDWH��$UFK��0LNURELRO��24: 
��±���

.DQGOHU�� 2�� XQG� (�� /DXHU�� ������ 1HXHUH� 9RUVWHOOXQJ� ]XU�
7D[RQRPLH� GHU� %L¿GREDNWHULHQ�� =HQWUDOEO�� %DNWHULRO�� ,��
228:���±���

.DQGOHU�� 2��:�� +DPPHV��$�� 6FKQHLGHU� DQG� .�2�� 6WHWWHU��
������0LFURELDO� LQWHUDFWLRQ� LQ� 6DXHUNUDXW� IHUPHQWDWLRQ��
In�3HUVSHFWLYHV�LQ�0LFURELDO�(FRORJ\��3URFHHGLQJV�RI�WKH�
)RXUWK� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ�0LFURELDO� (FRORJ\��
/MXEOMDQD��SS�����±����

.DQGOHU�� 2��� $�� +XQG� DQG� &�� =HKHQGHU�� ������ &HOO�ZDOO�
FRPSRVLWLRQ�LQ�EDFWHULDO�DQG�/�IRUPV�RI�Proteus vulgaris. 
1DWXUH�181:����±���

.DQGOHU��*���2��.DQGOHU�DQG�2��+XEHU��������8QWHUVXFKXQ-

JHQ� �EHU� GLH�0RUSKRORJLH� XQG�9HUPHKUXQJ� GHU� SOHXUR-
SQHXPRQLH�lKQOLFKHQ�2UJDQLVPHQ� XQG� GHU�/�3KDVH� GHU�
%DNWHULHQ�� ,,�� (OHNWURQHQPLNURVNRSLVFKH� 8QWHUVXFKXQ-
JHQ��$UFK��0LNURELRO��21:����±����

.DQGOHU�� 2��� 8�� 6FKLOOLQJHU� DQG�1��:HGLVV��Lactobacillus 
bifermentans sp. nov., nom. Rev., an organism forming 
&2�� DQG�+�� IURP� ODFWLF� DFLG�� 6\VW��$SSO��0LFURELRO��4: 
���±����

.DQGOHU��2��8��7HPSHU��$��6WHLQHU�DQG�-��:LQWHU��������(I-
¿FLHQF\�DQG�VWDELOLW\�RI�PHWKDQH�IHUPHQWDWLRQ�RI�ZDVWHV�
DW�PHVRSKLOLF�DQG�WKHUPRSKLOLF�WHPSHUDWXUHV��&KHP��(QJ��
World XVIII: ��±���

.DQGOHU�� 2��� &�� =HKHQGHU� DQG� -�� 0�OOHU�� ������ 9HUJOHL-
FKHQGH�8QWHUVXFKXQJHQ��EHU�GHQ�1XFOHLQVlXUHQ��XQG�$W-
mungsstoffwechsel von Proteus vulgaris, dessen stabiler 
/�3KDVH� XQG� GHQ� SOHXURSQHXQRPLH�lKQOLFKHQ� 2UJDQLV-
PHQ��$UFK��0LNURELRO��24:����±����

.ORE��:���2��.DQGOHU�DQG�:��7DQQHU��������5HJXODWLRQ�RI�
ribulose diphosphate formation in vivo� E\� OLJKW�� 3ODQW�
3K\VLRO��49:����±����

.|QLJ��+��DQG�2��.DQGOHU������D��7KH�DPLQR�DFLG�VHTXHQFH�
of the peptide moiety of the pseudomurein from Metha-
nobacterium thermoautotrophicum.� $UFK�� 0LFURELRO��
121: ���±����

.|QLJ��+��DQG�2��.DQGOHU������E��N�$FHW\OWDORVDPLQRXURQ-
LF�DFLG��D�FRQVWLWXHQW�RI� WKH�SVHXGRPXUHLQ�RI� WKH�JHQXV�
Methanobacterium.�$UFK��0LFURELRO��123: ���±����

.|QLJ��+���2��.DQGOHU�DQG�:��+DPPHV��������%LRV\QWKHVLV�
RI� SVHXGRPXUHLQ�� LVRODWLRQ� RI� SXWDWLYH� SUHFXUVRUV� IURP�
Methanobacterium thermoautotrophicum.�&DQ��-��0LFUR-
biol. 12: ���±����

.|QLJ��+����5��.UDOLN�DQG�2��.DQGOHU��������6WUXFWXUH�DQG�
PRGL¿FDWLRQ� RI� SVHXGRPXUHLQ� LQ� Methanobacteriales. 
=EO��%DNW��+\J��,��$EW��2ULJ��C3: ���±����

.XQDWK��3��DQG�2��.DQGOHU��������'HU�*HKDOW�DQ�l�����XQG�
d�í���0LOFKVlXUH�LQ�-RJKXUWSUREHQ��0LOFKZLVVHQVFKDIWHQ��
35:����±����

/DXHU��(��DQG�2��.DQGOHU��������0HFKDQLVPXV�GHU�9DULDWLRQ�
GHV� 9HUKlOWQLVVHV�$FHWDW�/DFWDW� EHL� GHU� 9HUJlUXQJ� YRQ�
*OXFRVH� GXUFK� %L¿GREDNWHULHQ�� $UFK�� 0LNURELRO�� 109: 
���±����

/DXHU�� (�� DQG�2��.DQGOHU�� ������Lactobacillus gasseri sp. 
nov., a new species oft he subgenus Thermobacterium. 
=HQWUDOEO��%DNWHULRO��$EW��2ULJ��&�1: ��±���

/DXHU��(��DQG�2��.DQGOHU��������'1$�'1$�KRPROJ\��PX-
rein types and enzyme patterns in the type strains of the 
genus %L¿GREDFWHULXP��6\VW��$SSO��0LFURELRO��4:���±���

/HDYHU�� 0��� 3�� 'RPLQJXH]�&XHYDV�� -�0�� &R[KHDG�� 5�$��
'DQLHO� DQG� -��(UULQJWRQ�� ������/LIH�ZLWKRXW� D� FHOO�ZDOO�
or division machine in Bacillus subtilis.�1DWXUH�460:����

0LOOHU��,��DQG�2��.DQGOHU��������7HPSHUDWXU��XQG�=HLWDEKlQ-
JLJNHLW�GHU�6SRUHQDEW|WXQJ� LP�%HUHLFK�GHU�8OWUDKRFKHU-
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KLW]XQJ��0LOFKZLVVHQVFKDIWHQ�22:����±����
3ODSS��5��DQG�2��.DQGOHU������D��=XU�:LUNXQJVZHLVH�]HOO-
ZDQGKHPPHQGHU� $QWLELRWLFD� EHL� JUDPQHJDWLYHQ� %DN-
WHULHQ��,��'LH�:LUNXQJ�YRQ�3HQLFLOOLQ�DXI�GLH�.RQ]HQWUD-
WLRQ�YRQ�=HOOZDQGYRUVWXIHQ�EHL�Proteus mirabilis.�$UFK��
0LNURELRO��50:����±����

3ODSS�� 5�� DQG�2��.DQGOHU�� ����E�� =XU�:LUNXQVZHLVH� ]HOO-
ZDQGKHPPHQGHU� $QWLELRWLFD� EHL� JUDPQHJDWLYHQ� %DN-
terien. I. Die Wirkung von d�&\FORVHULQ�DXI�GLH�.RQ]HQ-
WUDWLRQ�YRQ�=HOOZDQGYRUVWXIHQ�EHL�Proteus mirabilis und 
GHVVHQ�/�3KDVH��$UFK��0LNURELRO��50:����±����

5DX�+XQG��$��DQG�2��.DQGOHU��������'LH�:LUNXQJ�YRQ�3HQL-
FLOOLQ�DXI�GHQ�(LQEDX�PDUNLHUWHU�$PLQRVlXUHQ�LQ�GLH�=HOO-
ZDQG�GHU�%DNWHULHQ��=HQWUDOEO��%DNWHULRO��,�184: ���±���

6DSS��-��������7KH�1HZ�)RXQGDWLRQV�RI�(YROXWLRQ��2Q�WKH�
7UHH�RI�/LIH��2[IRUG�8QLYHUVLW\�3UHVV��2[IRUG�

6FKOHLIHU��.�+��DQG�2��.DQGOHU��������3HSWLGRJO\FDQ�W\SHV�
of bacterial cell walls and their taxonomic implications. 
Bacteriol. Rev. 36:����±����

6FKOHLIHU�� .�+�� DQG�2�� .DQGOHU�� ������ 3ULPDU\� VWUXFWXUHV�
of murein and pseudomurein. In�7KH�7DUJHW�RI�3HQLFLOOLQ�
�HGLWHG�E\�+DNHQEHFN��+|OWMH�DQG�/DELVFKLQVNL���:DOWHU�
GH�*UX\WHU��%HUOLQ��SS����±���

6FKOHLIHU��.�+���:��+DPPHV�DQG�2��.DQGOHU��������0RGL-
¿FDWLRQV�RI�EDFWHULDO�SHSWLGRJO\FDQ��$GY��%DFW��3K\VLRO��
13:����±����

6FKRO]��7���:��'HPKDUWHU��5��+HQVHO�DQG�2��.DQGOHU��������
Bacillus pallidus sp. nov., a new thermophilic species 
IURP�VHZDJH��6\VW��$SSO��0LFURELRO��9:���±���

6RXWVFKHN��(���-��:LQWHU��)��6FKLQGOHU�DQG�2��.DQGOHU��������
$FHWRPLFURELXP� ÀDYLGXP gen. nov., sp. nov., a thermo-
philic anaerobic bacterium from sewage sludge, forming 
DFHWDWH��&2��DQG�+��IURP�JOXFRVH��6\VW��$SSO��0LFURELRO��
5: ���±����

6WDFNHEUDQGW�� (�� DQG�2��.DQGOHU�� ������7D[RQRP\� RI� WKH�
genus Cellulomonas based on phenotypical characters 
DQG� '1$�'1$� KRPRORJ\�� ,QW�� -�� 6\VW�� %DFWHULRO�� 29: 
���±����

6WDFNHEUDQGW��(��DQG�2��.DQGOHU��������Cellulomonas car-
tae�VS��QRY��,QW��-��6\VW��%DFWHULRO��30:����±���

6WHEHU��-��DQG�.�+��6FKOHLIHU��������Halococcus morrhuae��
a sulfated heteropolysaccharide as structural component 
RI�WKH�EDFWHULDO�FHOO�ZDOO��$UFK��0LNURELRO��105:����±����

6WHWWHU�� .�2�� DQG� 2�� .DQGOHU�� ������ 8QWHUVXFKXQJHQ� ]XU�
(QWVWHKXQJ� YRQ� dl�0LOFKVlXUH� EHL� /DNWRED]LOOHQ� XQG�
&KDUDNWHULVLHUXQJ�HLQHU�0LOFKVlXUHUDFHPDVH�XQG�HLQLJHQ�
$UWHQ� GHU� 8QWHUJDWWXQJ� Streptobacterium. $UFK��0LNUR-
biol. 94:����±����

7DQQHU��:���0��/|IÀHU�DQG�2��.DQGOHU��������&\FOLF�SKRWR-
phosphorylation in vivo and its relation to photosynthetic 
&2��¿[DWLRQ��3ODQW�3K\VLRO��44:����±����

:HLVV��1���0��%XVVH�DQG�2��.DQGOHU��������'LH�+HUNXQIW�YRQ�
*lUXQJVQHEHQSURGXNWHQ� EHL� GHU�0LOFKVlXUHJlUXQJ� YRQ�
Lactobacillus acidophilus.�$UFK��0LNURELRO��62:���±���

:HLVV��1���8��6FKLOOLQJHU��0��/DWHUQVHU�DQG�2��.DQGOHU��������
Lactobacillus sharpie sp. nov. and Lactobacillus agilis sp. 
nov., two new species of homofermentative, meso-diami-
nopimelic acid-containing lactobacilli isolated from sew-
DJH��=HQWUDOEO��%DNWHULRO��2ULJ��&�2:����±����

:RHVH��&�5���2�.DQGOHU�DQG�0��:KHHOLV��������7RZDUGV�D�
QDWXUDO�V\VWHP�RI�RUJDQLVPV��SURSRVDOV�IRU�WKH�GRPDLQV�
Archaea, Bacteria and Eucarya.� 3URF�� 1DWO��$FDG�� 6FL��
8�6�$��87:�����±�����

=LOOLJ��:���5��6FKQDEHO�� -��7X�DQG�.�2��6WHWWHU��������7KH�
SK\ORJHQ\�RI�$UFKDHEDFWHULD��LQFOXGLQJ�QRYHO�DQDHURELF�
WKHUPRDFLGRSKLOHV�LQ�WKH�OLJKW�RI�51$�SRO\PHUDVH�VWUXF-
WXUH��1DWXUZLVVHQVFKDIWHQ�69:����±����
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