
7. Literaturverzeichnis

127

7. Literaturverzeichnis

Alcami A, Koszinowski UH (2000) Viral mechanisms of immune evasion. Immunol Today
21:447-55.

Alcami A (2003) Viral mimicry of cytokines, chemokines and their receptors. Nat Rev Im-
munol 3:36-50.

Alewijnse AE, Timmerman H, Jacobs EH, Smit MJ, Roovers E, Cotecchia S, Leurs R (2000)
The effect of mutations in the DRY motif on the constitutive activity and structural in-
stability of the histamine H(2) receptor. Mol Pharmacol 57:890-8.

Ali S, Palmer AC, Banerjee B, Fritchley SJ, Kirby JA (2000) Examination of the function of
RANTES, MIP-1alpha, and MIP-1beta following interaction with heparin-like glyco-
saminoglycans. J Biol Chem 275:11721-7.

Aragay AM, Mellado M, Frade JM, Martin AM, Jimenez-Sainz MC, Martinez AC, Mayor F,
Jr. (1998a) Monocyte chemoattractant protein-1-induced CCR2B receptor desensi-
tization mediated by the G protein-coupled receptor kinase 2. Proc Natl Acad Sci U S
A 95:2985-90.

Aragay AM, Ruiz-Gomez A, Penela P, Sarnago S, Elorza A, Jimenez-Sainz MC, Mayor F, Jr.
(1998b) G protein-coupled receptor kinase 2 (GRK2): mechanisms of regulation and
physiological functions. FEBS Lett 430:37-40.

Arai H, Charo IF (1996) Differential regulation of G-protein-mediated signaling by chemoki-
ne receptors. J Biol Chem 271:21814-9.

Arvanitakis L, Geras-Raaka E, Varma A, Gershengorn MC, Cesarman E (1997) Human her-
pesvirus KSHV encodes a constitutively active G-protein- coupled receptor linked to
cell proliferation. Nature 385:347-50.

Arvin AM (2001) Varicella-Zoster Virus. In: Knipe DM, Howley PM (eds) Fields Virology, 4
edn. Lippincott Williams & Wilkins, Philadelphia,  PA, USA, pp 2731-2767 vol 2)

Aznar S, Lacal JC (2001) Rho signals to cell growth and apoptosis. Cancer Lett 165:1-10.

Baggiolini M, Dewald B, Moser B (1997) Human chemokines: an update. Annu Rev Immu-
nol 15:675-705

Balkwill F (2003) Chemokine biology in cancer. Semin Immunol 15:49-55.

Bannert N, Craig S, Farzan M, Sogah D, Santo NV, Choe H, Sodroski J (2001) Sialylated O-
glycans and sulfated tyrosines in the NH2-terminal domain of CC chemokine receptor
5 contribute to high affinity binding of chemokines. J Exp Med 194:1661-73.

Barlic J, Khandaker MH, Mahon E, Andrews J, DeVries ME, Mitchell GB, Rahimpour R,
Tan CM, Ferguson SS, Kelvin DJ (1999) beta-arrestins regulate interleukin-8-induced
CXCR1 internalization. J Biol Chem 274:16287-94.

Beisser PS, Vink C, Van Dam JG, Grauls G, Vanherle SJ, Bruggeman CA (1998) The R33 G
protein-coupled receptor gene of rat cytomegalovirus plays an essential role in the
pathogenesis of viral infection. J Virol 72:2352-63.



7. Literaturverzeichnis

128

Beisser PS, Goh CS, Cohen FE, Michelson S (2002) Viral chemokine receptors and chemoki-
nes in human cytomegalovirus trafficking and interaction with the immune system.
CMV chemokine receptors. Curr Top Microbiol Immunol 269:203-34

Belcheva MM, Coscia CJ (2002) Diversity of G protein-coupled receptor signaling pathways
to ERK/MAP kinase. Neurosignals 11:34-44.

Bergmann M, Hart L, Lindsay M, Barnes PJ, Newton R (1998) IkappaBalpha degradation and
nuclear factor-kappaB DNA binding are insufficient for interleukin-1beta and tumor
necrosis factor-alpha- induced kappaB-dependent transcription. Requirement for an
additional activation pathway. J Biol Chem 273:6607-10.

Bermak JC, Li M, Bullock C, Zhou QY (2001) Regulation of transport of the dopamine D1
receptor by a new membrane-associated ER protein. Nat Cell Biol 3:492-8.

Bernardini G, Ribatti D, Spinetti G, Morbidelli L, Ziche M, Santoni A, Capogrossi MC, Na-
politano M (2003) Analysis of the role of chemokines in angiogenesis. J Immunol
Methods 273:83-101.

Biebermann H, Schoneberg T, Schulz A, Krause G, Gruters A, Schultz G, Gudermann T
(1998) A conserved tyrosine residue (Y601) in transmembrane domain 5 of the human
thyrotropin receptor serves as a molecular switch to determine G- protein coupling.
Faseb J 12:1461-71.

Bijlmakers MJ, Marsh M (2003) The on-off story of protein palmitoylation. Trends Cell Biol
13:32-42.

Billstrom MA, Johnson GL, Avdi NJ, Worthen GS (1998) Intracellular signaling by the che-
mokine receptor US28 during human cytomegalovirus infection. J Virol 72:5535-44.

Billstrom MA, Lehman LA, Scott Worthen G (1999) Depletion of extracellular RANTES
during human cytomegalovirus infection of endothelial cells. Am J Respir Cell Mol
Biol 21:163-7.

Bisello A, Greenberg Z, Behar V, Rosenblatt M, Suva LJ, Chorev M (1996) Role of glycosy-
lation in expression and function of the human parathyroid hormone/parathyroid hor-
mone-related protein receptor. Biochemistry 35:15890-5.

Bjorklof K, Lundstrom K, Abuin L, Greasley PJ, Cotecchia S (2002) Co- and posttranslatio-
nal modification of the alpha(1B)-adrenergic receptor: effects on receptor expression
and function. Biochemistry 41:4281-91.

Blanpain C, Wittamer V, Vanderwinden JM, Boom A, Renneboog B, Lee B, Le Poul E, El
Asmar L, Govaerts C, Vassart G, Doms RW, Parmentier M (2001) Palmitoylation of
CCR5 is critical for receptor trafficking and efficient activation of intracellular si-
gnaling pathways. J Biol Chem 276:23795-804.

Blaukat A, Pizard A, Rajerison RM, Alhenc-Gelas F, Muller-Esterl W, Dikic I (1999) Acti-
vation of mitogen-activated protein kinase by the bradykinin B2 receptor is indepen-
dent of receptor phosphorylation and phosphorylation- triggered internalization. FEBS
Lett 451:337-41.

Blaukat A, Pizard A, Breit A, Wernstedt C, Alhenc-Gelas F, Muller-Esterl W, Dikic I (2001)
Determination of bradykinin B2 receptor in vivo phosphorylation sites and their role
in receptor function. J Biol Chem 276:40431-40.

Bockaert J, Pin JP (1999) Molecular tinkering of G protein-coupled receptors: an evolutiona-
ry success. Embo J 18:1723-9.

Bodaghi B, Jones TR, Zipeto D, Vita C, Sun L, Laurent L, Arenzana-Seisdedos F, Virelizier
JL, Michelson S (1998) Chemokine sequestration by viral chemoreceptors as a novel



7. Literaturverzeichnis

129

viral escape strategy: withdrawal of chemokines from the environment of cytomegalo-
virus-infected cells. J Exp Med 188:855-66.

Boehme SA, Sullivan SK, Crowe PD, Santos M, Conlon PJ, Sriramarao P, Bacon KB (1999)
Activation of mitogen-activated protein kinase regulates eotaxin- induced eosinophil
migration. J Immunol 163:1611-8.

Boll W, Rapoport I, Brunner C, Modis Y, Prehn S, Kirchhausen T (2002) The mu2 subunit of
the clathrin adaptor AP-2 binds to FDNPVY and YppO sorting signals at distinct sites.
Traffic 3:590-600.

Boshoff C, Weiss RA (1998) Kaposi's sarcoma-associated herpesvirus. Adv Cancer Res
75:57-86

Bouvier M, Hausdorff WP, De Blasi A, O'Dowd BF, Kobilka BK, Caron MG, Lefkowitz RJ
(1988) Removal of phosphorylation sites from the beta 2-adrenergic receptor delays
onset of agonist-promoted desensitization. Nature 333:370-3.

Bremnes T, Paasche JD, Mehlum A, Sandberg C, Bremnes B, Attramadal H (2000) Regulati-
on and intracellular trafficking pathways of the endothelin receptors. J Biol Chem
275:17596-604.

Budd DC, McDonald JE, Tobin AB (2000) Phosphorylation and regulation of a Gq/11-
coupled receptor by casein kinase 1alpha. J Biol Chem 275:19667-75.

Bunemann M, Hosey MM (1999) G-protein coupled receptor kinases as modulators of G-
protein signalling. J Physiol 517:5-23.

Carman CV, Benovic JL (1998) G-protein-coupled receptors: turn-ons and turn-offs. Curr
Opin Neurobiol 8:335-44.

Casarosa P, Bakker RA, Verzijl D, Navis M, Timmerman H, Leurs R, Smit MJ (2001) Con-
stitutive signaling of the human cytomegalovirus-encoded chemokine receptor US28.
J Biol Chem 276:1133-7.

Chee MS, Satchwell SC, Preddie E, Weston KM, Barrell BG (1990) Human cytomegalovirus
encodes three G protein-coupled receptor homologues. Nature 344:774-7.

Chuang TT, LeVine H, 3rd, De Blasi A (1995) Phosphorylation and activation of beta-
adrenergic receptor kinase by protein kinase C. J Biol Chem 270:18660-5.

Chun M, Liyanage UK, Lisanti MP, Lodish HF (1994) Signal transduction of a G protein-
coupled receptor in caveolae: colocalization of endothelin and its receptor with caveo-
lin. Proc Natl Acad Sci U S A 91:11728-32.

Cinque P, Marenzi R, Ceresa D (1997) Cytomegalovirus infections of the nervous system.
Intervirology 40:85-97

Ciocca DR, Oesterreich S, Chamness GC, McGuire WL, Fuqua SA (1993) Biological and
clinical implications of heat shock protein 27,000 (Hsp27): a review. J Natl Cancer
Inst 85:1558-70.

Combadiere C, Salzwedel K, Smith ED, Tiffany HL, Berger EA, Murphy PM (1998) Identifi-
cation of CX3CR1. A chemotactic receptor for the human CX3C chemokine fractalki-
ne and a fusion coreceptor for HIV-1. J Biol Chem 273:23799-804.

Cong M, Perry SJ, Hu LA, Hanson PI, Claing A, Lefkowitz RJ (2001) Binding of the beta2
adrenergic receptor to N-ethylmaleimide-sensitive factor regulates receptor recycling.
J Biol Chem 276:45145-52.

Curnock AP, Logan MK, Ward SG (2002) Chemokine signalling: pivoting around multiple
phosphoinositide 3-kinases. Immunology 105:125-36.



7. Literaturverzeichnis

130

Daaka Y, Luttrell LM, Lefkowitz RJ (1997) Switching of the coupling of the beta2-adrenergic
receptor to different G proteins by protein kinase A. Nature 390:88-91.

Daaka Y, Luttrell LM, Ahn S, Della Rocca GJ, Ferguson SS, Caron MG, Lefkowitz RJ
(1998) Essential role for G protein-coupled receptor endocytosis in the activation of
mitogen-activated protein kinase. J Biol Chem 273:685-8.

Damaj BB, McColl SR, Neote K, Songqing N, Ogborn KT, Hebert CA, Naccache PH (1996)
Identification of G-protein binding sites of the human interleukin-8 receptors by func-
tional mapping of the intracellular loops. Faseb J 10:1426-34.

Davies A, Schertler GF, Gowen BE, Saibil HR (1996) Projection structure of an invertebrate
rhodopsin. J Struct Biol 117:36-44.

Davis D, Liu X, Segaloff DL (1995) Identification of the sites of N-linked glycosylation on
the follicle- stimulating hormone (FSH) receptor and assessment of their role in FSH
receptor function. Mol Endocrinol 9:159-70.

Davis-Poynter NJ, Lynch DM, Vally H, Shellam GR, Rawlinson WD, Barrell BG, Farrell HE
(1997) Identification and characterization of a G protein-coupled receptor homolog
encoded by murine cytomegalovirus. J Virol 71:1521-9.

De Lean A, Stadel JM, Lefkowitz RJ (1980) A ternary complex model explains the agonist-
specific binding properties of the adenylate cyclase-coupled beta-adrenergic receptor.
J Biol Chem 255:7108-17.

del Pozo MA, Vicente-Manzanares M, Tejedor R, Serrador JM, Sanchez-Madrid F (1999)
Rho GTPases control migration and polarization of adhesion molecules and cytoske-
letal ERM components in T lymphocytes. Eur J Immunol 29:3609-20.

Deslauriers B, Ponce C, Lombard C, Larguier R, Bonnafous JC, Marie J (1999) N-
glycosylation requirements for the AT1a angiotensin II receptor delivery to the plasma
membrane. Biochem J 339:397-405.

Dhanasekaran N, Tsim ST, Dermott JM, Onesime D (1998) Regulation of cell proliferation
by G proteins. Oncogene 17:1383-94.

Diviani D, Lattion AL, Cotecchia S (1997) Characterization of the phosphorylation sites in-
volved in G protein- coupled receptor kinase- and protein kinase C-mediated desensi-
tization of the alpha1B-adrenergic receptor. J Biol Chem 272:28712-9.

Doitsidou M, Reichman-Fried M, Stebler J, Koprunner M, Dorries J, Meyer D, Esguerra CV,
Leung T, Raz E (2002) Guidance of Primordial Germ Cell Migration by the Chemoki-
ne SDF-1. Cell 111:647-59.

Downward J (1998) Mechanisms and consequences of activation of protein kinase B/Akt.
Curr Opin Cell Biol 10:262-7.

Eason MG, Moreira SP, Liggett SB (1995) Four consecutive serines in the third intracellular
loop are the sites for beta-adrenergic receptor kinase-mediated phosphorylation and
desensitization of the alpha 2A-adrenergic receptor. J Biol Chem 270:4681-8.

Fan GH, Yang W, Wang XJ, Qian Q, Richmond A (2001) Identification of a motif in the car-
boxyl terminus of CXCR2 that is involved in adaptin 2 binding and receptor interna-
lization. Biochemistry 40:791-800.

Farrens DL, Altenbach C, Yang K, Hubbell WL, Khorana HG (1996) Requirement of rigid-
body motion of transmembrane helices for light activation of rhodopsin. Science
274:768-70.



7. Literaturverzeichnis

131

Farzan M, Mirzabekov T, Kolchinsky P, Wyatt R, Cayabyab M, Gerard NP, Gerard C, So-
droski J, Choe H (1999) Tyrosine sulfation of the amino terminus of CCR5 facilitates
HIV-1 entry. Cell 96:667-76.

Farzan M, Babcock GJ, Vasilieva N, Wright PL, Kiprilov E, Mirzabekov T, Choe H (2002)
The role of post-translational modifications of the CXCR4 amino terminus in stromal-
derived factor 1 alpha association and HIV-1 entry. J Biol Chem 277:29484-9.

Ferguson SS (2001) Evolving concepts in G protein-coupled receptor endocytosis: the role in
receptor desensitization and signaling. Pharmacol Rev 53:1-24.

Feron O, Smith TW, Michel T, Kelly RA (1997) Dynamic targeting of the agonist-stimulated
m2 muscarinic acetylcholine receptor to caveolae in cardiac myocytes. J Biol Chem
272:17744-8.

Finke D, Acha-Orbea H, Mattis A, Lipp M, Kraehenbuhl J (2002) CD4+CD3- cells induce
Peyer's patch development: role of alpha4beta1 integrin activation by CXCR5. Immu-
nity 17:363-73.

Fleming P, Davis-Poynter N, Degli-Esposti M, Densley E, Papadimitriou J, Shellam G, Far-
rell H (1999) The murine cytomegalovirus chemokine homolog, m131/129, is a de-
terminant of viral pathogenicity. J Virol 73:6800-9.

Fortunato EA, McElroy AK, Sanchez I, Spector DH (2000) Exploitation of cellular signaling
and regulatory pathways by human cytomegalovirus. Trends Microbiol 8:111-9.

Fraile-Ramos A, Kledal TN, Pelchen-Matthews A, Bowers K, Schwartz TW, Marsh M (2001)
The human cytomegalovirus US28 protein is located in endocytic vesicles and under-
goes constitutive endocytosis and recycling. Mol Biol Cell 12:1737-49.

Fraile-Ramos A, Kohout TA, Waldhoer M, Marsh M (2003) Endocytosis of the Viral Che-
mokine Receptor US28 Does Not Require Beta- Arrestins But Is Dependent on the
Clathrin-Mediated Pathway. Traffic 4:243-253.

Fukushima Y, Oka Y, Saitoh T, Katagiri H, Asano T, Matsuhashi N, Takata K, van Breda E,
Yazaki Y, Sugano K (1995) Structural and functional analysis of the canine histamine
H2 receptor by site-directed mutagenesis: N-glycosylation is not vital for its action.
Biochem J 310:553-8.

Gao JL, Murphy PM (1994) Human cytomegalovirus open reading frame US28 encodes a
functional beta chemokine receptor. J Biol Chem 269:28539-42.

Garcia Rodriguez C, Cundell DR, Tuomanen EI, Kolakowski LF, Jr., Gerard C, Gerard NP
(1995) The role of N-glycosylation for functional expression of the human platelet-
activating factor receptor. Glycosylation is required for efficient membrane traffik-
king. J Biol Chem 270:25178-84.

Georgopoulos C, Welch WJ (1993) Role of the major heat shock proteins as molecular cha-
perones. Annu Rev Cell Biol 9:601-34

Gerard C, Rollins BJ (2001) Chemokines and disease. Nat Immunol 2:108-15.

Gether U, Lin S, Ghanouni P, Ballesteros JA, Weinstein H, Kobilka BK (1997) Agonists in-
duce conformational changes in transmembrane domains III and VI of the beta2 adre-
noceptor. Embo J 16:6737-47.

Gether U (2000) Uncovering molecular mechanisms involved in activation of G protein- cou-
pled receptors. Endocr Rev 21:90-113.

Giannini E, Brouchon L, Boulay F (1995) Identification of the major phosphorylation sites in
human C5a anaphylatoxin receptor in vivo. J Biol Chem 270:19166-72.



7. Literaturverzeichnis

132

Gillitzer R, Goebeler M (2001) Chemokines in cutaneous wound healing. J Leukoc Biol
69:513-21.

Gomord V, Wee E, Faye L (1999) Protein retention and localization in the endoplasmic reti-
culum and the golgi apparatus. Biochimie 81:607-18.

Goodman OB, Jr., Krupnick JG, Santini F, Gurevich VV, Penn RB, Gagnon AW, Keen JH,
Benovic JL (1996) Beta-arrestin acts as a clathrin adaptor in endocytosis of the beta2-
adrenergic receptor. Nature 383:447-50.

Gruijthuijsen YK, Casarosa P, Kaptein SJ, Broers JL, Leurs R, Bruggeman CA, Smit MJ,
Vink C (2002) The rat cytomegalovirus R33-encoded G protein-coupled receptor si-
gnals in a constitutive fashion. J Virol 76:1328-38.

Gupta R, Birch H, Rapacki K, Brunak S, Hansen JE (1999) O-GLYCBASE version 4.0: a
revised database of O-glycosylated proteins. Nucleic Acids Res 27:370-2.

Gutkind JS (2000) Regulation of mitogen-activated protein kinase signaling networks by G
protein-coupled receptors. Sci STKE 2000:RE1.

Hanyaloglu AC, Vrecl M, Kroeger KM, Miles LE, Qian H, Thomas WG, Eidne KA (2001)
Casein kinase II sites in the intracellular C-terminal domain of the thyrotropin-
releasing hormone receptor and chimeric gonadotropin- releasing hormone receptors
contribute to beta-arrestin-dependent internalization. J Biol Chem 276:18066-74.

Haskell CA, Cleary MD, Charo IF (2000) Unique role of the chemokine domain of fractalkine
in cell capture. Kinetics of receptor dissociation correlate with cell adhesion. J Biol
Chem 275:34183-9.

Hausdorff WP, Bouvier M, O'Dowd BF, Irons GP, Caron MG, Lefkowitz RJ (1989) Phospho-
rylation sites on two domains of the beta 2-adrenergic receptor are involved in distinct
pathways of receptor desensitization. J Biol Chem 264:12657-65.

Hipkin RW, Wang Z, Ascoli M (1995) Human chorionic gonadotropin (CG)- and phorbol
ester-stimulated phosphorylation of the luteinizing hormone/CG receptor maps to seri-
nes 635, 639, 649, and 652 in the C-terminal cytoplasmic tail. Mol Endocrinol 9:151-
8.

Hirsch E, Katanaev VL, Garlanda C, Azzolino O, Pirola L, Silengo L, Sozzani S, Mantovani
A, Altruda F, Wymann MP (2000) Central role for G protein-coupled phosphoinositi-
de 3-kinase gamma in inflammation. Science 287:1049-53.

Holst PJ, Luttichau HR, Schwartz TW, Rosenkilde MM (2003) Virally encoded chemokines
and chemokine receptors in the role of viral infections. Contrib Microbiol 10:232-52

Ichijo H (1999) From receptors to stress-activated MAP kinases. Oncogene 18:6087-93.

Innamorati G, Sadeghi H, Birnbaumer M (1996) A fully active nonglycosylated V2 vasopres-
sin receptor. Mol Pharmacol 50:467-73.

Jarvis MA, Nelson JA (2002) Mechanisms of human cytomegalovirus persistence and laten-
cy. Front Biosci 7:d1575-82.

Jensen KK, Chen SC, Hipkin RW, Wiekowski MT, Schwarz MA, Chou CC, Simas JP, Alca-
mi A, Lira SA (2003) Disruption of CCL21-induced chemotaxis in vitro and in vivo
by M3, a chemokine-binding protein encoded by murine gammaherpesvirus 68. J Vi-
rol 77:624-30.

Johnson RA, Huong SM, Huang ES (2000) Activation of the mitogen-activated protein kinase
p38 by human cytomegalovirus infection through two distinct pathways: a novel me-
chanism for activation of p38. J Virol 74:1158-67.



7. Literaturverzeichnis

133

Karpa KD, Lidow MS, Pickering MT, Levenson R, Bergson C (1999) N-linked glycosylation
is required for plasma membrane localization of D5, but not D1, dopamine receptors
in transfected mammalian cells. Mol Pharmacol 56:1071-8.

Kirchhausen T (1999) Adaptors for clathrin-mediated traffic. Annu Rev Cell Dev Biol
15:705-32

Kirchhausen T (2000) Three ways to make a vesicle. Nat Rev Mol Cell Biol 1:187-98.

Kledal TN, Rosenkilde MM, Schwartz TW (1998) Selective recognition of the membrane-
bound CX3C chemokine, fractalkine, by the human cytomegalovirus-encoded broad-
spectrum receptor US28. FEBS Lett 441:209-14.

Knall C, Worthen GS, Johnson GL (1997) Interleukin 8-stimulated phosphatidylinositol-3-
kinase activity regulates the migration of human neutrophils independent of extracel-
lular signal-regulated kinase and p38 mitogen-activated protein kinases. Proc Natl
Acad Sci U S A 94:3052-7.

Knall C, Johnson GL (1998) G-protein regulatory pathways: rocketing into the twenty-first
century. J Cell Biochem Suppl 31:137-46

Knaut H, Werz C, Geisler R, Nusslein-Volhard C (2003) A zebrafish homologue of the che-
mokine receptor Cxcr4 is a germ-cell guidance receptor. Nature 421:279-82.

Koenig JA, Edwardson JM (1997) Endocytosis and recycling of G protein-coupled receptors.
Trends Pharmacol Sci 18:276-87.

Köhler G, Milstein C (1975) Continuous cultures of fused cells secreting antibody of prede-
fined specificity. Nature 256:495-7.

Kotwal GJ (2000) Poxviral mimicry of complement and chemokine system components:
what's the end game? Immunol Today 21:242-8.

Kraft K, Olbrich H, Majoul I, Mack M, Proudfoot A, Oppermann M (2001) Characterization
of sequence determinants within the carboxyl-terminal domain of chemokine receptor
CCR5 that regulate signaling and receptor internalization. J Biol Chem 276:34408-18.

Krupnick JG, Goodman OB, Jr., Keen JH, Benovic JL (1997) Arrestin/clathrin interaction.
Localization of the clathrin binding domain of nonvisual arrestins to the carboxy ter-
minus. J Biol Chem 272:15011-6.

Kuan SF, Byrd JC, Basbaum C, Kim YS (1989) Inhibition of mucin glycosylation by aryl-N-
acetyl-alpha- galactosaminides in human colon cancer cells. J Biol Chem 264:19271-
7.

Kuschert GS, Coulin F, Power CA, Proudfoot AE, Hubbard RE, Hoogewerf AJ, Wells TN
(1999) Glycosaminoglycans interact selectively with chemokines and modulate re-
ceptor binding and cellular responses. Biochemistry 38:12959-68.

Kyriakis JM, Avruch J (1996) Protein kinase cascades activated by stress and inflammatory
cytokines. Bioessays 18:567-77.

Laemmli UK (1970) Cleavage of structural proteins during the assembly of the head of bacte-
riophage T4. Nature 227:680-5.

Lalani AS, Barrett JW, McFadden G (2000) Modulating chemokines: more lessons from viru-
ses. Immunol Today 21:100-6.

Landolfo S, Gariglio M, Gribaudo G, Lembo D  (2003) The human cytomegalovirus. Phar-
macol Ther 98:269-297

Langkabel P, Zwirner J, Oppermann M (1999) Ligand-induced phosphorylation of anaphyla-
toxin receptors C3aR and C5aR is mediated by "G protein-coupled receptor kinases.
Eur J Immunol 29:3035-46



7. Literaturverzeichnis

134

Laporte SA, Oakley RH, Zhang J, Holt JA, Ferguson SS, Caron MG, Barak LS (1999) The
beta2-adrenergic receptor/betaarrestin complex recruits the clathrin adaptor AP-2 du-
ring endocytosis. Proc Natl Acad Sci U S A 96:3712-7.

Laporte SA, Oakley RH, Holt JA, Barak LS, Caron MG (2000) The interaction of beta-
arrestin with the AP-2 adaptor is required for the clustering of beta 2-adrenergic re-
ceptor into clathrin-coated pits. J Biol Chem 275:23120-6.

Lazzarotto T, Varani S, Gabrielli L, Spezzacatena P, Landini MP (1999) New advances in the
diagnosis of congenital cytomegalovirus infection. Intervirology 42:390-7.

Lefkowitz RJ (1998) G protein-coupled receptors. III. New roles for receptor kinases and be-
ta-arrestins in receptor signaling and desensitization. J Biol Chem 273:18677-80.

Leurs R, Smit MJ, Alewijnse AE, Timmerman H (1998) Agonist-independent regulation of
constitutively active G-protein- coupled receptors. Trends Biochem Sci 23:418-22.

Li Z, Jiang H, Xie W, Zhang Z, Smrcka AV, Wu D (2000) Roles of PLC-beta2 and -beta3 and
PI3Kgamma in chemoattractant-mediated signal transduction. Science 287:1046-9.

Liu F, Usui I, Evans LG, Austin DA, Mellon PL, Olefsky JM, Webster NJ (2002) Involve-
ment of both G(q/11) and G(s) proteins in gonadotropin-releasing hormone receptor-
mediated signaling in L beta T2 cells. J Biol Chem 277:32099-108.

Liu X, Davis D, Segaloff DL (1993) Disruption of potential sites for N-linked glycosylation
does not impair hormone binding to the lutropin/choriogonadotropin receptor if Asn-
173 is left intact. J Biol Chem 268:1513-6.

Loenen WA, Bruggeman CA, Wiertz EJ (2001) Immune evasion by human cytomegalovirus:
lessons in immunology and cell biology. Semin Immunol 13:41-9.

Lu ZL, Curtis CA, Jones PG, Pavia J, Hulme EC (1997) The role of the aspartate-arginine-
tyrosine triad in the m1 muscarinic receptor: mutations of aspartate 122 and tyrosine
124 decrease receptor expression but do not abolish signaling. Mol Pharmacol 51:234-
41.

Lusso P (2000) Chemokines and viruses: the dearest enemies. Virology 273:228-40.

Luster AD (2002) The role of chemokines in linking innate and adaptive immunity. Curr Opin
Immunol 14:129-35.

Luther SA, Cyster JG (2001) Chemokines as regulators of T cell differentiation. Nat Immunol
2:102-7.

Luttrell LM, Ferguson SS, Daaka Y, Miller WE, Maudsley S, Della Rocca GJ, Lin F, Kawa-
katsu H, Owada K, Luttrell DK, Caron MG, Lefkowitz RJ (1999) Beta-arrestin-
dependent formation of beta2 adrenergic receptor-Src protein kinase complexes. Sci-
ence 283:655-61.

Luttrell LM, Lefkowitz RJ (2002) The role of beta-arrestins in the termination and transduc-
tion of G-protein-coupled receptor signals. J Cell Sci 115:455-65.

Mack M, Luckow B, Nelson PJ, Cihak J, Simmons G, Clapham PR, Signoret N, Marsh M,
Stangassinger M, Borlat F, Wells TN, Schlondorff D, Proudfoot AE (1998) Ami-
nooxypentane-RANTES induces CCR5 internalization but inhibits recycling: a novel
inhibitory mechanism of HIV infectivity. J Exp Med 187:1215-24.

Mackay CR (2001) Chemokines: immunology's high impact factors. Nat Immunol 2:95-101.

Mahalingam S, Clark K, Matthaei KI, Foster PS (2001) Antiviral potential of chemokines.
Bioessays 23:428-35.



7. Literaturverzeichnis

135

Malecz N, Bambino T, Bencsik M, Nissenson RA (1998) Identification of phosphorylation
sites in the G protein-coupled receptor for parathyroid hormone. Receptor phosphory-
lation is not required for agonist-induced internalization. Mol Endocrinol 12:1846-56.

Margeta-Mitrovic M, Jan YN, Jan LY (2000) A trafficking checkpoint controls GABA(B)
receptor heterodimerization. Neuron 27:97-106.

Marinissen MJ, Gutkind JS (2001) G-protein-coupled receptors and signaling networks:
emerging paradigms. Trends Pharmacol Sci 22:368-76.

May MJ, Ghosh S (1998) Signal transduction through NF-kappa B. Immunol Today 19:80-8.

McCune DF, Edelmann SE, Olges JR, Post GR, Waldrop BA, Waugh DJ, Perez DM, Piascik
MT (2000) Regulation of the cellular localization and signaling properties of the al-
pha(1B)- and alpha(1D)-adrenoceptors by agonists and inverse agonists. Mol Pharma-
col 57:659-66.

McLatchie LM, Fraser NJ, Main MJ, Wise A, Brown J, Thompson N, Solari R, Lee MG,
Foord SM (1998) RAMPs regulate the transport and ligand specificity of the calcito-
nin- receptor-like receptor. Nature 393:333-9.

Mellado M, Rodriguez-Frade JM, Aragay A, del Real G, Martin AM, Vila-Coro AJ, Serrano
A, Mayor F, Jr., Martinez AC (1998) The chemokine monocyte chemotactic protein 1
triggers Janus kinase 2 activation and tyrosine phosphorylation of the CCR2B recep-
tor. J Immunol 161:805-13.

Mellado M, Rodriguez-Frade JM, Manes S, Martinez AC (2001) Chemokine signaling and
functional responses: the role of receptor dimerization and TK pathway activation.
Annu Rev Immunol 19:397-421

Melnick JL, Adam E, DeBakey ME (1995) Cytomegalovirus and atherosclerosis. Bioessays
17:899-903.

Menard L, Ferguson SS, Zhang J, Lin FT, Lefkowitz RJ, Caron MG, Barak LS (1997) Syner-
gistic regulation of beta2-adrenergic receptor sequestration: intracellular complement
of beta-adrenergic receptor kinase and beta- arrestin determine kinetics of internaliza-
tion. Mol Pharmacol 51:800-8.

Mhaouty-Kodja S, Barak LS, Scheer A, Abuin L, Diviani D, Caron MG, Cotecchia S (1999)
Constitutively active alpha-1b adrenergic receptor mutants display different phospho-
rylation and internalization features. Mol Pharmacol 55:339-47.

Michelson S, Dal Monte P, Zipeto D, Bodaghi B, Laurent L, Oberlin E, Arenzana-Seisdedos
F, Virelizier JL, Landini MP (1997) Modulation of RANTES production by human
cytomegalovirus infection of fibroblasts. J Virol 71:6495-500.

Min KS, Liu X, Fabritz J, Jaquette J, Abell AN, Ascoli M (1998) Mutations that induce con-
stitutive activation and mutations that impair signal transduction modulate the basal
and/or agonist-stimulated internalization of the Lutropin/Choriogonadotropin receptor.
J Biol Chem 273:34911-9.

Min L, Ascoli M (2000) Effect of activating and inactivating mutations on the phosphorylati-
on and trafficking of the human lutropin/choriogonadotropin receptor. Mol Endocrinol
14:1797-810.

Miserey-Lenkei S, Parnot C, Bardin S, Corvol P, Clauser E (2002) Constitutive internalizati-
on of constitutively active agiotensin II AT(1A) receptor mutants is blocked by inver-
se agonists. J Biol Chem 277:5891-901.



7. Literaturverzeichnis

136

Moffett S, Adam L, Bonin H, Loisel TP, Bouvier M, Mouillac B (1996) Palmitoylated cystei-
ne 341 modulates phosphorylation of the beta2- adrenergic receptor by the cAMP-
dependent protein kinase. J Biol Chem 271:21490-7.

Morello JP, Bouvier M (1996) Palmitoylation: a post-translational modification that regulates
signalling from G-protein coupled receptors. Biochem Cell Biol 74:449-57

Morris AJ, Malbon CC (1999) Physiological regulation of G protein-linked signaling. Physiol
Rev 79:1373-430.

Moser B, Loetscher P (2001) Lymphocyte traffic control by chemokines. Nat Immunol 2:123-
8.

Mueller SG, White JR, Schraw WP, Lam V, Richmond A (1997) Ligand-induced desensi-
tization of the human CXC chemokine receptor-2 is modulated by multiple serine re-
sidues in the carboxyl-terminal domain of the receptor. J Biol Chem 272:8207-14.

Müller G, Höpken UE, Stein H, Lipp M (2002) Systemic immunoregulatory and pathogenic
functions of homeostatic chemokine receptors. J Leukoc Biol 72:1-8.

Mullis KB, Faloona FA (1987) Specific synthesis of DNA in vitro via a polymerase-catalyzed
chain reaction. Methods Enzymol 155:335-50

Munshi UM, Peegel H, Menon KM (2001) Palmitoylation of the luteinizing hormone/human
chorionic gonadotropin receptor regulates receptor interaction with the arrestin-
mediated internalization pathway. Eur J Biochem 268:1631-9.

Murdoch C, Finn A (2000) Chemokine receptors and their role in inflammation and infectious
diseases. Blood 95:3032-43.

Murga C, Laguinge L, Wetzker R, Cuadrado A, Gutkind JS (1998) Activation of Akt/protein
kinase B by G protein-coupled receptors. A role for alpha and beta gamma subunits of
heterotrimeric G proteins acting through phosphatidylinositol-3-OH kinasegamma. J
Biol Chem 273:19080-5.

Murphy PM, Baggiolini M, Charo IF, Hebert CA, Horuk R, Matsushima K, Miller LH, Op-
penheim JJ, Power CA (2000) International union of pharmacology. XXII. Nomen-
clature for chemokine receptors. Pharmacol Rev 52:145-76.

Murphy PM (2001) Viral exploitation and subversion of the immune system through chemo-
kine mimicry. Nat Immunol 2:116-22.

Nagayama Y, Nishihara E, Namba H, Yamashita S, Niwa M (2000) Identification of the sites
of asparagine-linked glycosylation on the human thyrotropin receptor and studies on
their role in receptor function and expression. J Pharmacol Exp Ther 295:404-9.

Nakata H, Kameyama K, Haga K, Haga T (1994) Location of agonist-dependent-
phosphorylation sites in the third intracellular loop of muscarinic acetylcholine recep-
tors (m2 subtype). Eur J Biochem 220:29-36.

Neer EJ (1995) Heterotrimeric G proteins: organizers of transmembrane signals. Cell 80:249-
57.

Nichols BJ, Lippincott-Schwartz J (2001) Endocytosis without clathrin coats. Trends Cell
Biol 11:406-12.

Nichols WG, Boeckh M (2000) Recent advances in the therapy and prevention of CMV in-
fections. J Clin Virol 16:25-40.

Nilsson T, Warren G (1994) Retention and retrieval in the endoplasmic reticulum and the
Golgi apparatus. Curr Opin Cell Biol 6:517-21.

Ohguro H, Palczewski K, Ericsson LH, Walsh KA, Johnson RS (1993) Sequential phospho-
rylation of rhodopsin at multiple sites. Biochemistry 32:5718-24.



7. Literaturverzeichnis

137

Olson TS, Ley K (2002) Chemokines and chemokine receptors in leukocyte trafficking. Am J
Physiol Regul Integr Comp Physiol 283:R7-28.

Onorato JJ, Palczewski K, Regan JW, Caron MG, Lefkowitz RJ, Benovic JL (1991) Role of
acidic amino acids in peptide substrates of the beta-adrenergic receptor kinase and
rhodopsin kinase. Biochemistry 30:5118-25.

Oppermann M, Mack M, Proudfoot AE, Olbrich H (1999) Differential effects of CC chemo-
kines on CC chemokine receptor 5 (CCR5) phosphorylation and identification of
phosphorylation sites on the CCR5 carboxyl terminus. J Biol Chem 274:8875-85.

Orsini MJ, Parent JL, Mundell SJ, Benovic JL, Marchese A (1999) Trafficking of the HIV
coreceptor CXCR4. Role of arrestins and identification of residues in the c-terminal
tail that mediate receptor internalization. J Biol Chem 274:31076-86.

Pagano A, Rovelli G, Mosbacher J, Lohmann T, Duthey B, Stauffer D, Ristig D, Schuler V,
Meigel I, Lampert C, Stein T, Prezeau L, Blahos J, Pin J, Froestl W, Kuhn R, Heid J,
Kaupmann K, Bettler B (2001) C-terminal interaction is essential for surface traffik-
king but not for heteromeric assembly of GABA(b) receptors. J Neurosci 21:1189-
202.

Palczewski K, Kumasaka T, Hori T, Behnke CA, Motoshima H, Fox BA, Le Trong I, Teller
DC, Okada T, Stenkamp RE, Yamamoto M, Miyano M (2000) Crystal structure of
rhodopsin: A G protein-coupled receptor. Science 289:739-45.

Palmer TM, Stiles GL (2000) Identification of threonine residues controlling the agonist-
dependent phosphorylation and desensitization of the rat A(3) adenosine receptor. Mol
Pharmacol 57:539-45.

Parnot C, Miserey-Lenkei S, Bardin S, Corvol P, Clauser E (2002) Lessons from constituti-
vely active mutants of G protein-coupled receptors. Trends Endocrinol Metab 13:336-
43.

Pei G, Samama P, Lohse M, Wang M, Codina J, Lefkowitz RJ (1994) A constitutively active
mutant beta 2-adrenergic receptor is constitutively desensitized and phosphorylated.
Proc Natl Acad Sci U S A 91:2699-702.

Penfold ME, Dairaghi DJ, Duke GM, Saederup N, Mocarski ES, Kemble GW, Schall TJ
(1999) Cytomegalovirus encodes a potent alpha chemokine. Proc Natl Acad Sci U S A
96:9839-44.

Penn RB, Pronin AN, Benovic JL (2000) Regulation of G protein-coupled receptor kinases.
Trends Cardiovasc Med 10:81-9.

Percherancier Y, Planchenault T, Valenzuela-Fernandez A, Virelizier JL, Arenzana-Seisdedos
F, Bachelerie F (2001) Palmitoylation-dependent control of degradation, life span, and
membrane expression of the CCR5 receptor. J Biol Chem 276:31936-44.

Perry SJ, Lefkowitz RJ (2002) Arresting developments in heptahelical receptor signaling and
regulation. Trends Cell Biol 12:130-8.

Pierce KL, Luttrell LM, Lefkowitz RJ (2001) New mechanisms in heptahelical receptor si-
gnaling to mitogen activated protein kinase cascades. Oncogene 20:1532-9.

Pitcher JA, Freedman NJ, Lefkowitz RJ (1998) G protein-coupled receptor kinases. Annu Rev
Biochem 67:653-92

Pleskoff O, Treboute C, Brelot A, Heveker N, Seman M, Alizon M (1997) Identification of a
chemokine receptor encoded by human cytomegalovirus as a cofactor for HIV-1 entry.
Science 276:1874-8.



7. Literaturverzeichnis

138

Pleskoff O, Treboute C, Alizon M (1998) The cytomegalovirus-encoded chemokine receptor
US28 can enhance cell- cell fusion mediated by different viral proteins. J Virol
72:6389-97.

Ploegh HL (1998) Viral strategies of immune evasion. Science 280:248-53.

Pollok-Kopp B, Schwarze K, Baradari VK, Oppermann M (2003) Analysis of Ligand-
stimulated CC Chemokine Receptor 5 (CCR5) Phosphorylation in Intact Cells Using
Phosphosite-specific Antibodies. J Biol Chem 278:2190-8.

Preobrazhensky AA, Dragan S, Kawano T, Gavrilin MA, Gulina IV, Chakravarty L, Kolattu-
kudy PE (2000) Monocyte chemotactic protein-1 receptor CCR2B is a glycoprotein
that has tyrosine sulfation in a conserved extracellular N-terminal region. J Immunol
165:5295-303.

Pronin AN, Benovic JL (1997) Regulation of the G protein-coupled receptor kinase GRK5 by
protein kinase C. J Biol Chem 272:3806-12.

Prossnitz ER, Kim CM, Benovic JL, Ye RD (1995a) Phosphorylation of the N-formyl peptide
receptor carboxyl terminus by the G protein-coupled receptor kinase, GRK2. J Biol
Chem 270:1130-7.

Prossnitz ER, Schreiber RE, Bokoch GM, Ye RD (1995b) Binding of low affinity N-formyl
peptide receptors to G protein. Characterization of a novel inactive receptor interme-
diate. J Biol Chem 270:10686-94.

Proudfoot AE, Power CA, Rommel C, Wells TN (2003a) Strategies for chemokine antago-
nists as therapeutics. Semin Immunol 15:57-65.

Proudfoot AE, Handel TM, Johnson Z, Lau EK, LiWang P, Clark-Lewis I, Borlat F, Wells
TN, Kosco-Vilbois MH (2003b) Glycosaminoglycan binding and oligomerization are
essential for the in vivo activity of certain chemokines. Proc Natl Acad Sci U S A
100:1885-90.

Randolph-Habecker J, Rahill B, Torok-Storb B, Vieira J, Kolattukudy P, Rovin B, Sedmak D
(2002) The expression of the cytomegalovirus chemokine receptor homolog us28 se-
questers biologically active cc chemokines and alters IL-8 production. Cytokine 19:37.

Rands E, Candelore MR, Cheung AH, Hill WS, Strader CD, Dixon RA (1990) Mutational
analysis of beta-adrenergic receptor glycosylation. J Biol Chem 265:10759-64.

Rasmussen SG, Jensen AD, Liapakis G, Ghanouni P, Javitch JA, Gether U (1999) Mutation
of a highly conserved aspartic acid in the beta2 adrenergic receptor: constitutive acti-
vation, structural instability, and conformational rearrangement of transmembrane
segment 6. Mol Pharmacol 56:175-84.

Rickinson AB, Kieff E (2001) Epstein-Barr Virus. In: Knipe DM, Howley PM (eds) Fields
Virology, 4 edn. Lippincott Williams & Wilkins, Philadelphia,  PA, USA, pp 2575-
2627 vol 2)

Rodems SM, Spector DH (1998) Extracellular signal-regulated kinase activity is sustained
early during human cytomegalovirus infection. J Virol 72:9173-80.

Rodriguez-Frade JM, Mellado M, Martinez AC (2001) Chemokine receptor dimerization: two
are better than one. Trends Immunol 22:612-7.

Rodriguez-Frade JM, Vila-Coro AJ, Martin A, Nieto M, Sanchez-Madrid F, Proudfoot AE,
Wells TN, Martinez AC, Mellado M (1999) Similarities and differences in RANTES-
and (AOP)-RANTES-triggered signals: implications for chemotaxis. J Cell Biol
144:755-65.



7. Literaturverzeichnis

139

Roizman B, Pellett PE (2001) The Family Herpesveridae: A Brief Introduction. In: Knipe
DM, Howley PM (eds) Fields Virology, 4 edn. Lippincott Williams & Wilkins, Phil-
adelphia,  PA, USA, pp 2381-2397 vol 2)

Roland J, Murphy BJ, Ahr B, Robert-Hebmann V, Delauzun V, Nye KE, Devaux C, Biard-
Piechaczyk M (2003) Role of the intracellular domains of CXCR4 in SDF-1-mediated
signaling. Blood 101:399-406.

Roseberry AG, Hosey MM (2001) Internalization of the M2 muscarinic acetylcholine recep-
tor proceeds through an atypical pathway in HEK293 cells that is independent of
clathrin and caveolae. J Cell Sci 114:739-46.

Rosenkilde MM, Waldhoer M, Luttichau HR, Schwartz TW (2001) Virally encoded 7TM
receptors. Oncogene 20:1582-93.

Rossi D, Zlotnik A (2000) The biology of chemokines and their receptors. Annu Rev Immu-
nol 18:217-42

Saederup N, Lin YC, Dairaghi DJ, Schall TJ, Mocarski ES (1999) Cytomegalovirus-encoded
beta chemokine promotes monocyte-associated viremia in the host. Proc Natl Acad Sci
U S A 96:10881-6.

Samama P, Cotecchia S, Costa T, Lefkowitz RJ (1993) A mutation-induced activated state of
the beta 2-adrenergic receptor. Extending the ternary complex model. J Biol Chem
268:4625-36.

Samson M, Libert F, Doranz BJ, Rucker J, Liesnard C, Farber CM, Saragosti S, Lapou-
meroulie C, Cognaux J, Forceille C, Muyldermans G, Verhofstede C, Burtonboy G,
Georges M, Imai T, Rana S, Yi Y, Smyth RJ, Collman RG, Doms RW, Vassart G,
Parmentier M (1996) Resistance to HIV-1 infection in caucasian individuals bearing
mutant alleles of the CCR-5 chemokine receptor gene. Nature 382:722-5.

Sanger F, Nicklen S, Coulson AR (1977) DNA sequencing with chain-terminating inhibitors.
Proc Natl Acad Sci U S A 74:5463-7.

Sarnago S, Elorza A, Mayor F, Jr. (1999) Agonist-dependent phosphorylation of the G prote-
in-coupled receptor kinase 2 (GRK2) by Src tyrosine kinase. J Biol Chem 274:34411-
6.

Schaarschmidt P, Reinhardt B, Michel D, Vaida B, Mayr K, Luske A, Baur R, Gschwend J,
Kleinschmidt K, Kountidis M, Wenderoth U, Voisard R, Mertens T (1999) Altered
expression of extracellular matrix in human-cytomegalovirus-infected cells and a hu-
man artery organ culture model to study its biological relevance. Intervirology 42:357-
64.

Schmitz AA, Govek EE, Bottner B, Van Aelst L (2000) Rho GTPases: signaling, migration,
and invasion. Exp Cell Res 261:1-12.

Seet BT, McFadden G (2002) Viral chemokine-binding proteins. J Leukoc Biol 72:24-34.

Shapiro MJ, Trejo J, Zeng D, Coughlin SR (1996) Role of the thrombin receptor's cytoplas-
mic tail in intracellular trafficking. Distinct determinants for agonist-triggered versus
tonic internalization and intracellular localization. J Biol Chem 271:32874-80.

Shibutani T, Johnson TM, Yu ZX, Ferrans VJ, Moss J, Epstein SE (1997) Pertussis toxin-
sensitive G proteins as mediators of the signal transduction pathways activated by
cytomegalovirus infection of smooth muscle cells. J Clin Invest 100:2054-61.

Signoret N, Oldridge J, Pelchen-Matthews A, Klasse PJ, Tran T, Brass LF, Rosenkilde MM,
Schwartz TW, Holmes W, Dallas W, Luther MA, Wells TN, Hoxie JA, Marsh M



7. Literaturverzeichnis

140

(1997) Phorbol esters and SDF-1 induce rapid endocytosis and down modulation of
the chemokine receptor CXCR4. J Cell Biol 139:651-64.

Signoret N, Pelchen-Matthews A, Mack M, Proudfoot AE, Marsh M (2000) Endocytosis and
recycling of the HIV coreceptor CCR5. J Cell Biol 151:1281-94.

Sissons JG, Bain M, Wills MR (2002) Latency and reactivation of human cytomegalovirus. J
Infect 44:73-7.

Smit MJ, Verzijl D, Casarosa P, Navis M, Timmerman H, Leurs R (2002) Kaposi's sarcoma-
associated herpesvirus-encoded G protein-coupled receptor ORF74 constitutively ac-
tivates p44/p42 MAPK and Akt via G(i) and phospholipase C-dependent signaling
pathways. J Virol 76:1744-52.

Sotsios Y, Whittaker GC, Westwick J, Ward SG (1999) The CXC chemokine stromal cell-
derived factor activates a Gi-coupled phosphoinositide 3-kinase in T lymphocytes. J
Immunol 163:5954-63.

Spiegel AM (1996) Defects in G protein-coupled signal transduction in human disease. Annu
Rev Physiol 58:143-70

Stocchi R, Ward KN, Fanin R, Baccarani M, Apperley JF (1999) Management of human
cytomegalovirus infection and disease after allogeneic bone marrow transplantation.
Haematologica 84:71-9.

Streblow DN, Soderberg-Naucler C, Vieira J, Smith P, Wakabayashi E, Ruchti F, Mattison K,
Altschuler Y, Nelson JA (1999) The human cytomegalovirus chemokine receptor
US28 mediates vascular smooth muscle cell migration. Cell 99:511-20.

Sullivan SK, McGrath DA, Liao F, Boehme SA, Farber JM, Bacon KB (1999) MIP-3alpha
induces human eosinophil migration and activation of the mitogen-activated protein
kinases (p42/p44 MAPK). J Leukoc Biol 66:674-82.

Sweet C (1999) The pathogenicity of cytomegalovirus. FEMS Microbiol Rev 23:457-82.

Tachibana K, Hirota S, Iizasa H, Yoshida H, Kawabata K, Kataoka Y, Kitamura Y, Matsus-
hima K, Yoshida N, Nishikawa S, Kishimoto T, Nagasawa T (1998) The chemokine
receptor CXCR4 is essential for vascularization of the gastrointestinal tract. Nature
393:591-4.

Tarasova NI, Stauber RH, Choi JK, Hudson EA, Czerwinski G, Miller JL, Pavlakis GN, Mi-
chejda CJ, Wank SA (1997) Visualization of G protein-coupled receptor trafficking
with the aid of the green fluorescent protein. Endocytosis and recycling of cholecysto-
kinin receptor type A. J Biol Chem 272:14817-24.

Teasdale RD, Jackson MR (1996) Signal-mediated sorting of membrane proteins between the
endoplasmic reticulum and the golgi apparatus. Annu Rev Cell Dev Biol 12:27-54

Thelen M (2001) Dancing to the tune of chemokines. Nat Immunol 2:129-34.

Tilton B, Andjelkovic M, Didichenko SA, Hemmings BA, Thelen M (1997) G-Protein-
coupled receptors and Fcgamma-receptors mediate activation of Akt/protein kinase B
in human phagocytes. J Biol Chem 272:28096-101.

Tobin AB, Totty NF, Sterlin AE, Nahorski SR (1997) Stimulus-dependent phosphorylation of
G-protein-coupled receptors by casein kinase 1alpha. J Biol Chem 272:20844-9.

Tortorella D, Gewurz BE, Furman MH, Schust DJ, Ploegh HL (2000) Viral subversion of the
immune system. Annu Rev Immunol 18:861-926

Trejo J, Coughlin SR (1999) The cytoplasmic tails of protease-activated receptor-1 and sub-
stance P receptor specify sorting to lysosomes versus recycling. J Biol Chem
274:2216-24.



7. Literaturverzeichnis

141

Tsao P, Cao T, von Zastrow M (2001) Role of endocytosis in mediating downregulation of G-
protein-coupled receptors. Trends Pharmacol Sci 22:91-6.

Ui M, Katada T (1990) Bacterial toxins as probe for receptor-Gi coupling. Adv Second Mes-
senger Phosphoprotein Res 24:63-9

Unger VM, Hargrave PA, Baldwin JM, Schertler GF (1997) Arrangement of rhodopsin
transmembrane alpha-helices. Nature 389:203-6.

Vila-Coro AJ, Rodriguez-Frade JM, Martin De Ana A, Moreno-Ortiz MC, Martinez AC,
Mellado M (1999) The chemokine SDF-1alpha triggers CXCR4 receptor dimerization
and activates the JAK/STAT pathway. Faseb J 13:1699-710.

Vink C, Smit MJ, Leurs R, Bruggeman CA (2001) The role of cytomegalovirus-encoded ho-
mologs of G protein-coupled receptors and chemokines in manipulation of and evasi-
on from the immune system. J Clin Virol 23:43-55.

Waldhoer M, Kledal TN, Farrell H, Schwartz TW (2002) Murine cytomegalovirus (CMV)
M33 and human CMV US28 receptors exhibit similar constitutive signaling activities.
J Virol 76:8161-8.

Waldhoer M, Casarosa P, Rosenkilde MM, Smit MJ, Leurs R, Whistler JL, Schwartz TW
(2003) The Carboxyl Terminus of Human Cytomegalovirus-encoded 7 Transmembra-
ne Receptor US28 Camouflages Agonism by Mediating Constitutive Endocytosis. J
Biol Chem 278:19473-82.

Wang JF, Park IW, Groopman JE (2000) Stromal cell-derived factor-1alpha stimulates tyrosi-
ne phosphorylation of multiple focal adhesion proteins and induces migration of he-
matopoietic progenitor cells: roles of phosphoinositide-3 kinase and protein kinase C.
Blood 95:2505-13.

Wang Y, Zhou Y, Szabo K, Haft CR, Trejo J (2002) Down-regulation of protease-activated
receptor-1 is regulated by sorting nexin 1. Mol Biol Cell 13:1965-76.

Ward SG, Bacon K, Westwick J (1998) Chemokines and T lymphocytes: more than an attrac-
tion. Immunity 9:1-11.

Weiss ER, Ducceschi MH, Horner TJ, Li A, Craft CM, Osawa S (2001) Species-specific dif-
ferences in expression of G-protein-coupled receptor kinase (GRK) 7 and GRK1 in
mammalian cone photoreceptor cells: implications for cone cell phototransduction. J
Neurosci 21:9175-84.

Wess J (1997) G-protein-coupled receptors: molecular mechanisms involved in receptor acti-
vation and selectivity of G-protein recognition. Faseb J 11:346-54.

Wess J (1998) Molecular basis of receptor/G-protein-coupling selectivity. Pharmacol Ther
80:231-64.

Wheatley M, Hawtin SR (1999) Glycosylation of G-protein-coupled receptors for hormones
central to normal reproductive functioning: its occurrence and role. Hum Reprod Up-
date 5:356-64.

Whistler JL, Enquist J, Marley A, Fong J, Gladher F, Tsuruda P, Murray SR, Von Zastrow M
(2002) Modulation of postendocytic sorting of G protein-coupled receptors. Science
297:615-20.

Whitley RJ (2001) Herpes Simplex Viruses. In: Knipe DM, Howley PM (eds) Fields Virolo-
gy, 4 edn. Lippincott Williams & Wilkins, Philadelphia,  PA, USA, pp 2461-2510 vol
2)



7. Literaturverzeichnis

142

Winstel R, Freund S, Krasel C, Hoppe E, Lohse MJ (1996) Protein kinase cross-talk: mem-
brane targeting of the beta-adrenergic receptor kinase by protein kinase C. Proc Natl
Acad Sci U S A 93:2105-9.

Wong M, Uddin S, Majchrzak B, Huynh T, Proudfoot AE, Platanias LC, Fish EN (2001)
Rantes activates Jak2 and Jak3 to regulate engagement of multiple signaling pathways
in T cells. J Biol Chem 276:11427-31.

Wong MM, Fish EN (2003) Chemokines: attractive mediators of the immune response. Semin
Immunol 15:5-14.

Ye RD (2001) Regulation of nuclear factor kappaB activation by G-protein-coupled recep-
tors. J Leukoc Biol 70:839-48.

Yoshimura T, Matsushima K, Tanaka S, Robinson EA, Appella E, Oppenheim JJ, Leonard EJ
(1987) Purification of a human monocyte-derived neutrophil chemotactic factor that
has peptide sequence similarity to other host defense cytokines. Proc Natl Acad Sci U
S A 84:9233-7.

Zerangue N, Schwappach B, Jan YN, Jan LY (1999) A new ER trafficking signal regulates
the subunit stoichiometry of plasma membrane K(ATP) channels. Neuron 22:537-48.

Zhang J, Ferguson SS, Barak LS, Menard L, Caron MG (1996) Dynamin and beta-arrestin
reveal distinct mechanisms for G protein- coupled receptor internalization. J Biol
Chem 271:18302-5.

Zhou YF, Leon MB, Waclawiw MA, Popma JJ, Yu ZX, Finkel T, Epstein SE (1996) Asso-
ciation between prior cytomegalovirus infection and the risk of restenosis after corona-
ry atherectomy. N Engl J Med 335:624-30.

Zlotnik A, Yoshie O (2000) Chemokines: a new classification system and their role in immu-
nity. Immunity 12:121-7.


