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Zinc Biology−Approach from Zinc Transporters−

Taiho KAMBE
Division of Integrated Life Science, Graduate School of Biostudies, Kyoto University

Summary

Zinc plays an essential role in human physiology. It is required for numerous proteins for structural integrity, hun-
dreds of enzymes for catalytic function and a number of biological processes for cellular metabolism. Intracellular zinc
homeostasis is maintained in a remarkable regulation system mediated by zinc influx, efflux or intracellular storage/traf-
ficking. The discovery of zinc transporters has contributed significantly to understanding the regulation and lead to new
insight on zinc biology. This article reviews the recent progress in physiological and functional properties of zinc trans-
porters, and discusses future perspectives based on current data.

Trace Nutrients Research 26 : 11�16 (2009)

Fig. 1 Physiological functions of zinc. Zinc is an integral component of numerous functional proteins to confer catalytic functions or
structural integrity. Recently, zinc has been shown to function as an intracellular second messenger in some types of cells.
Zinc is highly accumulated in the subcellular compartments of some specialized cells such as synaptic vesicles of neurons or
insulin secretory granules of pancreatic βcells. In these cells, zinc plays unique roles.
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Fig. 2 Predicted structures of ZIP and ZnT zinc transporters.
Left : ZIP transporters are predicted to have eight-
transmembrane domains and transport zinc into the cy-
toplasm from the extracellular side or intracellular com-
partments. A variable region between transmembrane
domains III and IV is cytoplasmic and contains many His
residues in most ZIPs (black line). Right : ZnT transport-
ers are predicted to have six transmembrane domains,
with the exception of ZnT5 that has 15 putative trans
membrane domains and transport zinc from the cyto-
plasm into the extracellular space or into intracellular
compartments. As with ZIPs, the His-rich sequence is in
the cytoplasm between transmembrane domains IV and
V (black line).

� 12�



3��������	
��
�������

��� ZnT�����	
	��
��������
������������������� !"����
�#�����$� ZnT�����	
	%��� &
"%'()����ZnT5/ZnT6*+,�-./ ZnT70
1�-.%234567�68
	9:;<"� ��=
>���:?@� 12, 13A!	�-.����#����0
BC�
D��EF(G���#���H��0BC�

D�IJ�HK
LM 14A!N(��O.���P���
��:��#�Q��A�RS 
�%T���U &"
%'()����&)(
�L��ZnT5/ZnT6*+,�
-./ ZnT701�-.�VS�
�
WXL
YF��
:�SZ ZnT�����	
	%����U !"���
[��\#
�Q]3
^�_`�abc	,�A/�d
β
�����)e) ZnT3" ZnT8"Uf
WXF ZnT
%�g����15, 16A�	h��i�j���k���l(
Hm�:n<�U !
ZnT3��]3
^�_`�abc	,��Dop��
�������������:��qrLU 15A!���
\#�s�tu�./�vwTa43Dxyz{|3���
��}-�v%T���������~D]o3���/
������ 17A!&�&"l(�ZnT3�����N)
Z����\#�����X�K
LM &"%��N)
Z!�l�F%(�&��������Znt3 ���2x
��x���U����)��K F!g�%"<()F
l�Z18A!&�}�l(�#����O$X��%�%�
N) ��HM�Z%����]5D�u�. α1���
b�����}-�v�&'W:()�Z������x

�%`�N)�Startle diseaseQ����*A:��� &
"%�N)Z19A!&�������#����O$X��
��� N)���K
a%¡"¢N)�U !£Z�Znt3
��*$¤XF¥�l(H+¦Fm�:n<����"�
��23§¨��	*"�©,�ªU��-��«.¬U
/­%M !Znt3 ���2x��x��®�¯°a23
§¨��	*���� β2^,�±²³.
�´�t:
�gNµZ�x���0O��x��1¶23a� β2
^,�±/2^,�±4%·¸� &"%�N)�U 20A!
�F¹º�Dop���l(5�N)Z����23§¨
��	*�2^,�±»¼�½¾¿À"���`6HJª!
23§¨��	*��P7h�F �ª)Áa�8*h%
��F &"%'() %�#������9HP7�Â
�x�LP�F !ZnT3��g��Áa031�ÃÄ�
�,Å����·¸� &"%/­N)����&)(�
x��jÆ}���23§¨��	*�Ç¤X'È:ÉÊ
�Ë�� H�LM�-��«.¬U21A!�Ì�2^,�
±:���P�����%RÍ�����;/���ÎÏ	

	%�2^,�±�»¼:Ð·Nµ "Uf/­H�$
FN)�U 17A!ÑÉ��f��#�������©��
����O$XM U�*$X���	�l(Ò��ÓÔ
N)�U !
[<��d��Å3¨��= β
���g� ZnT8��
���-��m�%n£��U !ZnT8�������
��<Õa/
����l(����5��}Ö×ØQ�
��5�Ù��Ú6Ù2AÛÜ�>
"F �9���:�
��5���?@����qÝ�����	
	"��m
�N)�UZ%16A�ZnT8%m�:n< &""F�Z�
Þ�$A��ZnT8%�I�BC*" II�BC*��º(

Fig. 3 Cartoon summarizing mechanisms by which ZIP4 and ZIP5 are reciprocally regulated by zinc status in the enterocytes.
Left : when zinc is adequate, ZIP4 protein is not detected on the apical membrane but is degraded. In contrast, ZIP5 protein
accumulates on the baso-lateral membrane. Middle : when zinc becomes deficient, ZIP4 protein accumulates on the apical
membrane. ZIP5 protein is removed from the baso-lateral membrane and degraded. Right : During prolonged zinc defi-
ciency, the extracellular amino-terminal half is proteolytically removed (processed) while the remaining eight-
transmembrane carboxyl-terminal half of ZIP4 is accumulated on the apical membrane.
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Fig. 4 Overview of zinc homeostasis by zinc transporters. Twenty four zinc transporters (14 ZIPs and 10 ZnTs) are identified in the
human genome but this cartoon includes only those characterized thus far. Dietary zinc is absorbed from the apical side of
enterocytes by ZIP4 when zinc is limiting. Zinc is thought to be exported into portal blood by ZnT1 localized on the baso-
lateral membrane. ZIP5 is localized to the basolateral membranes of enterocytes and pancreatic acinar cells where it may
serve to remove zinc from the blood when zinc is replete. In peripheral tissues (GENERIC CELL), zinc is probably taken up
by various ZIP transporters localized on the plasma membrane. Inside the cell, free zinc levels are kept low and zinc can be
bound to MT, or transported into secretory vesicles by ZnT4-7 or endosomes/lysosomes by ZnT2 and ZnT4. ZIP7, ZIP9 and
ZIP13 transport zinc out of the Golgi apparatus (secretory vesicles) into the cytoplasm. ZnT3 transports zinc into glutamate
containing vesicles in the neurons whereas ZnT8 transports zinc into insulin secretory granules in the pancreatic β-cells.
Modified and reproduced from 30) with permission.
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