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Cragg, V. Č. Šerbec, M. Jones, V. J. Lisnic, L. Kremer, D. Li, F. Koch-
Nolte, N. Pascual, J.-I. Rodríguez-Barbosa, R. Torensma, H. Turley,
K. Pulford, and A. H. Banham, “The european antibody network’s prac-
tical guide to finding and validating suitable antibodies for research,”
MAbs, vol. 8, no. 1, pp. 27–36, 2016.

[200] J. Bordeaux, A. Welsh, S. Agarwal, E. Killiam, M. Baquero, J. Hanna,
V. Anagnostou, and D. Rimm, “Antibody validation,” Biotechniques,
vol. 48, pp. 197–209, Mar. 2010.

148



CRISPR-Cas9 knockout screens for cellular recognition

[201] H. A. Mannsperger, S. Uhlmann, C. Schmidt, S. Wiemann, O. Sahin, and
U. Korf, “RNAi-based validation of antibodies for reverse phase protein
arrays,” Proteome Sci., vol. 8, p. 69, 23 Dec. 2010.

[202] C. Stadler, M. Hjelmare, B. Neumann, K. Jonasson, R. Pepperkok, M. Uh-
lén, and E. Lundberg, “Systematic validation of antibody binding and
protein subcellular localization using siRNA and confocal microscopy,” J.
Proteomics, vol. 75, pp. 2236–2251, 3 Apr. 2012.

[203] L. Zhao, L. Qu, J. Zhou, Z. Sun, H. Zou, Y.-Y. Chen, J. D. Marks, and
Y. Zhou, “High throughput identification of monoclonal antibodies to
membrane bound and secreted proteins using yeast and phage display,”
PLoS One, vol. 9, p. e111339, 29 Oct. 2014.

[204] D. Akopian, K. Shen, X. Zhang, and S.-O. Shan, “Signal recognition
particle: an essential protein-targeting machine,” Annu. Rev. Biochem.,
vol. 82, pp. 693–721, 13 Feb. 2013.

[205] J. G. Doench, N. Fusi, M. Sullender, M. Hegde, E. W. Vaimberg, K. F.
Donovan, I. Smith, Z. Tothova, C. Wilen, R. Orchard, H. W. Virgin,
J. Listgarten, and D. E. Root, “Optimized sgRNA design to maximize ac-
tivity and minimize off-target effects of CRISPR-Cas9,” Nat. Biotechnol.,
vol. 34, pp. 184–191, Feb. 2016.

[206] B. Chen, L. A. Gilbert, B. A. Cimini, J. Schnitzbauer, W. Zhang, G.-W.
Li, J. Park, E. H. Blackburn, J. S. Weissman, L. S. Qi, and B. Huang,
“Dynamic imaging of genomic loci in living human cells by an optimized
CRISPR/Cas system,” Cell, vol. 155, pp. 1479–1491, 19 Dec. 2013.

[207] A. Agrotis and R. Ketteler, “A new age in functional genomics using
CRISPR/Cas9 in arrayed library screening,” Front. Genet., vol. 6, 2015.

[208] P. Kirk, M. C. Wilson, C. Heddle, M. H. Brown, A. N. Barclay, and A. P.
Halestrap, “CD147 is tightly associated with lactate transporters MCT1
and MCT4 and facilitates their cell surface expression,” EMBO J., vol. 19,
pp. 3896–3904, 1 Aug. 2000.

[209] A. A. Deora, N. Philp, J. Hu, D. Bok, and E. Rodriguez-Boulan, “Mecha-
nisms regulating tissue-specific polarity of monocarboxylate transporters
and their chaperone CD147 in kidney and retinal epithelia,” Proc. Natl.
Acad. Sci. U. S. A., vol. 102, pp. 16245–16250, 8 Nov. 2005.

[210] M. Voss, U. Künzel, F. Higel, P.-H. Kuhn, A. Colombo, A. Fukumori,
M. Haug-Kröper, B. Klier, G. Grammer, A. Seidl, B. Schröder, R. Obst,
H. Steiner, S. F. Lichtenthaler, C. Haass, and R. Fluhrer, “Shedding of
glycan-modifying enzymes by signal peptide peptidase-like 3 (SPPL3)
regulates cellular n-glycosylation,” EMBO J., vol. 33, pp. 2890–2905,
17 Dec. 2014.

[211] Y. Bai, W. Huang, L.-T. Ma, J.-L. Jiang, and Z.-N. Chen, “Importance of
n-glycosylation on CD147 for its biological functions,” Int. J. Mol. Sci.,
vol. 15, pp. 6356–6377, 15 Apr. 2014.

149



Chapter6

[212] Z. Luo, X. Zhang, W. Zeng, J. Su, K. Yang, L. Lu, C. B. Lim, W. Tang,
L. Wu, S. Zhao, X. Jia, C. Peng, and X. Chen, “TRAF6 regulates
melanoma invasion and metastasis through ubiquitination of basigin,”
Oncotarget, vol. 7, pp. 7179–7192, 9 Feb. 2016.

[213] B. P. Morgan, “Isolation and characterization of the complement-
inhibiting protein CD59 antigen from platelet membranes,” Biochem.
J, vol. 282 ( Pt 2), pp. 409–413, 1 Mar. 1992.

[214] P. M. Rudd, B. P. Morgan, M. R. Wormald, D. J. Harvey, C. W. van den
Berg, S. J. Davis, M. A. Ferguson, and R. A. Dwek, “The glycosylation
of the complement regulatory protein, human erythrocyte CD59,” J. Biol.
Chem., vol. 272, pp. 7229–7244, 14 Mar. 1997.

[215] C. Xu and D. T. W. Ng, “Glycosylation-directed quality control of protein
folding,” Nat. Rev. Mol. Cell Biol., vol. 16, pp. 742–752, Dec. 2015.

[216] C. C. R. Center, “Integrated technology resource for biomedical gly-
comics.” https://www.ccrc.uga.edu/~moremen/glycomics/. Accessed:
2017-6-10.

[217] M. A. Kukuruzinska and P. W. Robbins, “Protein glycosylation in yeast:
transcript heterogeneity of the ALG7 gene,” Proc. Natl. Acad. Sci. U. S.
A., vol. 84, pp. 2145–2149, Apr. 1987.

[218] R. J. Kaufman, “Stress signaling from the lumen of the endoplasmic
reticulum: coordination of gene transcriptional and translational controls,”
Genes Dev., vol. 13, pp. 1211–1233, 15 May 1999.

[219] L. Williamson, M. Saponaro, S. Boeing, P. East, R. Mitter, T. Kantidakis,
G. P. Kelly, A. Lobley, J. Walker, B. Spencer-Dene, M. Howell, A. Stewart,
and J. Q. Svejstrup, “UV irradiation induces a non-coding RNA that func-
tionally opposes the protein encoded by the same gene,” Cell, vol. 168,
pp. 843–855.e13, 23 Feb. 2017.

[220] C. D. Marceau, A. S. Puschnik, K. Majzoub, Y. S. Ooi, S. M. Brewer,
G. Fuchs, K. Swaminathan, M. A. Mata, J. E. Elias, P. Sarnow, and
J. E. Carette, “Genetic dissection of flaviviridae host factors through
genome-scale CRISPR screens,” Nature, vol. 535, pp. 159–163, 7 July
2016.

[221] J. A. Chasis and N. Mohandas, “Red blood cell glycophorins,” Blood,
vol. 80, pp. 1869–1879, 15 Oct. 1992.

[222] IBGRL, “IBGRL-Research products,” tech. rep., Bristol Institute for Trans-
fusion Sciences, 1999.

[223] C. G. Gahmberg, M. Ekblom, and L. C. Andersson, “Differentiation of
human erythroid cells is associated with increased o-glycosylation of the
major sialoglycoprotein, glycophorin a,” Proc. Natl. Acad. Sci. U. S. A.,
vol. 81, pp. 6752–6756, Nov. 1984.

150



CRISPR-Cas9 knockout screens for cellular recognition

[224] R. A. Anderson and V. T. Marchesi, “Regulation of the association of
membrane skeletal protein 4.1 with glycophorin by a polyphosphoinosi-
tide,” Nature, vol. 318, no. 6043, pp. 295–298, 1985.

[225] X. An, M. Salomao, X. Guo, W. Gratzer, and N. Mohandas, “Tropomyosin
modulates erythrocyte membrane stability,” Blood, vol. 109, pp. 1284–
1288, 1 Feb. 2007.

[226] I. Rouiller, X.-P. Xu, K. J. Amann, C. Egile, S. Nickell, D. Nicastro, R. Li,
T. D. Pollard, N. Volkmann, and D. Hanein, “The structural basis of
actin filament branching by the arp2/3 complex,” J. Cell Biol., vol. 180,
pp. 887–895, 10 Mar. 2008.

[227] “Introduction to essentials of cell biology | learn science at scitable.” http://
www.nature.com/scitable/ebooks/essentials-of-cell-biology-14749010.
Accessed: 2017-8-17.

[228] K. Burridge and M. Chrzanowska-Wodnicka, “Focal adhesions, contrac-
tility, and signaling,” Annu. Rev. Cell Dev. Biol., vol. 12, pp. 463–518,
1996.

[229] C. Brakebusch and R. Fässler, “The integrin-actin connection, an eternal
love affair,” EMBO J., vol. 22, pp. 2324–2333, 15 May 2003.

[230] A. Byron, J. D. Humphries, J. A. Askari, S. E. Craig, A. Paul Mould,
and M. J. Humphries, “Anti-integrin monoclonal antibodies,” J. Cell Sci.,
vol. 122, pp. 4009–4011, 15 Nov. 2009.

[231] N. E. Sanjana, O. Shalem, and F. Zhang, “Improved vectors and genome-
wide libraries for CRISPR screening,” Nat. Methods, vol. 11, pp. 783–784,
Aug. 2014.

[232] H. Ma, Y. Dang, Y. Wu, G. Jia, E. Anaya, J. Zhang, S. Abraham, J.-G.
Choi, G. Shi, L. Qi, N. Manjunath, and H. Wu, “A CRISPR-Based screen
identifies genes essential for West-Nile-Virus-Induced cell death,” Cell
Rep., vol. 12, pp. 673–683, July 2015.

[233] T. Hart, A. H. Y. Tong, K. Chan, J. Van Leeuwen, A. Seetharaman,
M. Aregger, M. Chandrashekhar, N. Hustedt, S. Seth, A. Noonan, A. Hab-
sid, O. Sizova, L. Nedyalkova, R. Climie, L. Tworzyanski, K. Lawson,
M. A. Sartori, S. Alibeh, D. Tieu, S. Masud, P. Mero, A. Weiss, K. R.
Brown, M. Usaj, M. Billmann, M. Rahman, M. Constanzo, C. L. Myers,
B. J. Andrews, C. Boone, D. Durocher, and J. Moffat, “Evaluation and
design of Genome-Wide CRISPR/SpCas9 knockout screens,” G3, vol. 7,
pp. 2719–2727, Aug. 2017.

[234] S. H. Ong, Y. Li, H. Koike-Yusa, and K. Yusa, “Optimised metrics for
CRISPR-KO screens with second-generation gRNA libraries,” Scientific
Reports, vol. 7, Aug. 2017.

[235] A. Zotova, I. Zotov, A. Filatov, and D. Mazurov, “Determining antigen
specificity of a monoclonal antibody using genome-scale CRISPR-Cas9
knockout library,” J. Immunol. Methods, vol. 439, pp. 8–14, Dec. 2016.

151



Chapter6

[236] A. S. Puschnik, K. Majzoub, Y. S. Ooi, and J. E. Carette, “A CRISPR
toolbox to study virus-host interactions,” Nat. Rev. Microbiol., vol. 15,
pp. 351–364, June 2017.

[237] J. G. Beeson, D. R. Drew, M. J. Boyle, G. Feng, F. J. I. Fowkes, and
J. S. Richards, “Merozoite surface proteins in red blood cell invasion,
immunity and vaccines against malaria,” FEMS Microbiol. Rev., vol. 40,
pp. 343–372, May 2016.

[238] C. Crosnier, M. Wanaguru, B. McDade, F. H. Osier, K. Marsh, J. C.
Rayner, and G. J. Wright, “A library of functional recombinant cell-surface
and secreted p. falciparum merozoite proteins,” Mol. Cell. Proteomics,
vol. 12, pp. 3976–3986, Dec. 2013.

[239] Z. A. Zenonos, J. C. Rayner, and G. J. Wright, “Towards a comprehensive
plasmodium falciparum merozoite cell surface and secreted recombinant
protein library,” Malar. J., vol. 13, p. 93, 12 Mar. 2014.

[240] A. J. Perrin, S. J. Bartholdson, and G. J. Wright, “P-selectin is a host
receptor for plasmodium MSP7 ligands,” Malar. J., vol. 14, p. 238, 5 June
2015.

[241] A. F. Cowman, D. Berry, and J. Baum, “The cellular and molecular basis
for malaria parasite invasion of the human red blood cell,” J. Cell Biol.,
vol. 198, pp. 961–971, 17 Sept. 2012.

[242] K. S. Reddy, E. Amlabu, A. K. Pandey, P. Mitra, V. S. Chauhan, and
D. Gaur, “Multiprotein complex between the GPI-anchored CyRPA with
PfRH5 and PfRipr is crucial for plasmodium falciparum erythrocyte
invasion,” Proc. Natl. Acad. Sci. U. S. A., vol. 112, pp. 1179–1184,
27 Jan. 2015.

[243] L. Y. Bustamante, G. T. Powell, Y.-C. Lin, M. D. Macklin, N. Cross,
A. Kemp, P. Cawkill, T. Sanderson, C. Crosnier, N. Muller-Sienerth, O. K.
Doumbo, B. Traore, P. D. Crompton, P. Cicuta, T. M. Tran, G. J. Wright,
and J. C. Rayner, “Synergistic malaria vaccine combinations identified
by systematic antigen screening,” Proceedings of the National Academy
of Sciences, vol. 114, no. 45, pp. 12045–12050, 2017.

[244] J. S. Richards and J. G. Beeson, “The future for blood-stage vaccines
against malaria,” Immunol. Cell Biol., vol. 87, pp. 377–390, July 2009.

[245] L. Brass, “Understanding and evaluating platelet function,” Hematology
Am. Soc. Hematol. Educ. Program, vol. 2010, pp. 387–396, 2010.

[246] K. E. Wright, K. A. Hjerrild, J. Bartlett, A. D. Douglas, J. Jin, R. E.
Brown, J. J. Illingworth, R. Ashfield, S. B. Clemmensen, W. A. de Jongh,
S. J. Draper, and M. K. Higgins, “Structure of malaria invasion protein
RH5 with erythrocyte basigin and blocking antibodies,” Nature, vol. 515,
pp. 427–430, 20 Nov. 2014.

[247] S. Kamiyama, T. Suda, R. Ueda, M. Suzuki, R. Okubo, N. Kikuchi,
Y. Chiba, S. Goto, H. Toyoda, K. Saigo, M. Watanabe, H. Narimatsu,

152



CRISPR-Cas9 knockout screens for cellular recognition

Y. Jigami, and S. Nishihara, “Molecular cloning and identification of
3’-phosphoadenosine 5’-phosphosulfate transporter,” J. Biol. Chem.,
vol. 278, pp. 25958–25963, 11 July 2003.

[248] J. Baum, L. Chen, J. Healer, S. Lopaticki, M. Boyle, T. Triglia, F. Ehlgen,
S. a. Ralph, J. G. Beeson, and A. F. Cowman, “Reticulocyte-binding
protein homologue 5 - an essential adhesin involved in invasion of
human erythrocytes by plasmodium falciparum,” Int. J. Parasitol., vol. 39,
pp. 371–380, Feb. 2009.

[249] J. D. Esko, K. Kimata, and U. Lindahl, “Proteoglycans and sulfated
glycosaminoglycans,” in Essentials of Glycobiology (A. Varki, R. D. Cum-
mings, J. D. Esko, H. H. Freeze, P. Stanley, C. R. Bertozzi, G. W. Hart,
and M. E. Etzler, eds.), Cold Spring Harbor (NY): Cold Spring Harbor
Laboratory Press, 20 Mar. 2010.

[250] M. Bernfield, M. Götte, P. W. Park, O. Reizes, M. L. Fitzgerald, J. Lince-
cum, and M. Zako, “Functions of cell surface heparan sulfate proteogly-
cans,” Annu. Rev. Biochem., vol. 68, pp. 729–777, 1 June 1999.

[251] F. Foulquier, M. Amyere, J. Jaeken, R. Zeevaert, E. Schollen, V. Race,
R. Bammens, W. Morelle, C. Rosnoblet, D. Legrand, D. Demaegd,
N. Buist, D. Cheillan, N. Guffon, P. Morsomme, W. Annaert, H. H. Freeze,
E. Van Schaftingen, M. Vikkula, and G. Matthijs, “TMEM165 deficiency
causes a congenital disorder of glycosylation,” Am. J. Hum. Genet.,
vol. 91, pp. 15–26, 13 July 2012.

[252] A. Nikolaev, T. McLaughlin, D. D. M. O’Leary, and M. Tessier-Lavigne,
“APP binds DR6 to trigger axon pruning and neuron death via distinct
caspases,” Nature, vol. 457, pp. 981–989, 19 Feb. 2009.

[253] R. J. O’Brien and P. C. Wong, “Amyloid precursor protein processing
and alzheimer’s disease,” Annu. Rev. Neurosci., vol. 34, pp. 185–204,
2011.

[254] E. C. J. M. de Vet, S. A. B. Newland, P. A. Lyons, B. Aguado, and R. D.
Campbell, “The cell surface receptor g6b, a member of the immunoglob-
ulin superfamily, binds heparin,” FEBS Lett., vol. 579, pp. 2355–2358,
25 Apr. 2005.

[255] S. A. Newland, I. C. Macaulay, A. R. Floto, E. C. de Vet, W. H. Ouwehand,
N. A. Watkins, P. A. Lyons, and D. R. Campbell, “The novel inhibitory
receptor G6B is expressed on the surface of platelets and attenuates
platelet function in vitro,” Blood, vol. 109, pp. 4806–4809, 1 June 2007.

[256] S. Tahara-Hanaoka, K. Shibuya, Y. Onoda, H. Zhang, S. Yamazaki,
A. Miyamoto, S.-I. Honda, L. L. Lanier, and A. Shibuya, “Functional
characterization of DNAM-1 (CD226) interaction with its ligands PVR
(CD155) and nectin-2 (PRR-2/CD112),” Int. Immunol., vol. 16, pp. 533–
538, Apr. 2004.

[257] A. D. Bergemann, H. J. Cheng, R. Brambilla, R. Klein, and J. G. Flana-
gan, “ELF-2, a new member of the eph ligand family, is segmentally

153



Chapter6

expressed in mouse embryos in the region of the hindbrain and newly
forming somites,” Mol. Cell. Biol., vol. 15, pp. 4921–4929, Sept. 1995.

[258] A. A. Boucard, S. Maxeiner, and T. C. Südhof, “Latrophilins function as
heterophilic cell-adhesion molecules by binding to teneurins: regulation
by alternative splicing,” J. Biol. Chem., vol. 289, pp. 387–402, 3 Jan.
2014.

[259] I. Melero, W. W. Shuford, S. A. Newby, A. Aruffo, J. A. Ledbetter, K. E.
Hellström, R. S. Mittler, and L. Chen, “Monoclonal antibodies against
the 4-1BB t-cell activation molecule eradicate established tumors,” Nat.
Med., vol. 3, pp. 682–685, June 1997.

[260] A. Makkouk, C. Chester, and H. E. Kohrt, “Rationale for anti-CD137
cancer immunotherapy,” Eur. J. Cancer, vol. 54, pp. 112–119, Feb. 2016.

[261] H. R. Salih, S. G. Kosowski, V. F. Haluska, G. C. Starling, D. T. Loo,
F. Lee, A. A. Aruffo, P. A. Trail, and P. A. Kiener, “Constitutive expression
of functional 4-1BB (CD137) ligand on carcinoma cells,” J. Immunol.,
vol. 165, pp. 2903–2910, 1 Sept. 2000.

[262] A. Kulane, H. P. Ekre, P. Perlmann, L. Rombo, M. Wahlgren, and
B. Wahlin, “Effect of different fractions of heparin on plasmodium falci-
parum merozoite invasion of red blood cells in vitro,” Am. J. Trop. Med.
Hyg., vol. 46, pp. 589–594, May 1992.

[263] M. J. Boyle, J. S. Richards, P. R. Gilson, W. Chai, and J. G. Beeson,
“Interactions with heparin-like molecules during erythrocyte invasion by
plasmodium falciparum merozoites,” Blood, vol. 115, pp. 4559–4568,
3 June 2010.

[264] G. E. Weiss, P. R. Gilson, T. Taechalertpaisarn, W.-H. Tham, N. W. M.
de Jong, K. L. Harvey, F. J. I. Fowkes, P. N. Barlow, J. C. Rayner, G. J.
Wright, A. F. Cowman, and B. S. Crabb, “Revealing the sequence and
resulting cellular morphology of Receptor-Ligand interactions during
plasmodium falciparum invasion of erythrocytes,” PLoS Pathog., vol. 11,
p. e1004670, 27 Feb. 2015.

[265] S. M. de Boer, J. Kortekaas, C. A. M. de Haan, P. J. M. Rottier, R. J. M.
Moormann, and B. J. Bosch, “Heparan sulfate facilitates rift valley fever
virus entry into the cell,” J. Virol., vol. 86, pp. 13767–13771, Dec. 2012.

[266] D. M. Rosmarin, J. E. Carette, A. J. Olive, M. N. Starnbach, T. R. Brum-
melkamp, and H. L. Ploegh, “Attachment of chlamydia trachomatis L2
to host cells requires sulfation,” Proc. Natl. Acad. Sci. U. S. A., vol. 109,
pp. 10059–10064, 19 June 2012.

[267] V. B. Carruthers, S. Håkansson, O. K. Giddings, and L. D. Sibley, “Toxo-
plasma gondii uses sulfated proteoglycans for substrate and host cell
attachment,” Infect. Immun., vol. 68, pp. 4005–4011, July 2000.

[268] A. Barragan, V. Fernandez, Q. Chen, A. von Euler, M. Wahlgren, and
D. Spillmann, “The duffy-binding-like domain 1 of plasmodium falciparum

154



CRISPR-Cas9 knockout screens for cellular recognition

erythrocyte membrane protein 1 (PfEMP1) is a heparan sulfate ligand
that requires 12 mers for binding,” Blood, vol. 95, pp. 3594–3599, 1 June
2000.

[269] K. Kobayashi, K. Kato, T. Sugi, H. Takemae, K. Pandey, H. Gong, Y. To-
hya, and H. Akashi, “Plasmodium falciparum BAEBL binds to heparan
sulfate proteoglycans on the human erythrocyte surface,” J. Biol. Chem.,
vol. 285, pp. 1716–1725, 15 Jan. 2010.

[270] K. Kobayashi, R. Takano, H. Takemae, T. Sugi, A. Ishiwa, H. Gong, F. C.
Recuenco, T. Iwanaga, T. Horimoto, H. Akashi, and K. Kato, “Analy-
ses of interactions between heparin and the apical surface proteins of
plasmodium falciparum,” Sci. Rep., vol. 3, p. 3178, 11 Nov. 2013.

[271] J. D. Esko and R. J. Linhardt, “Proteins that bind sulfated glycosamino-
glycans,” in Essentials of Glycobiology (A. Varki, R. D. Cummings, J. D.
Esko, H. H. Freeze, P. Stanley, C. R. Bertozzi, G. W. Hart, and M. E.
Etzler, eds.), Cold Spring Harbor (NY): Cold Spring Harbor Laboratory
Press, 20 Mar. 2010.

[272] W.-H. Tham, D. W. Wilson, S. Lopaticki, C. Q. Schmidt, P. B. Tetteh-
Quarcoo, P. N. Barlow, D. Richard, J. E. Corbin, J. G. Beeson, and A. F.
Cowman, “Complement receptor 1 is the host erythrocyte receptor for
plasmodium falciparum PfRh4 invasion ligand,” Proc. Natl. Acad. Sci. U.
S. A., vol. 107, pp. 17327–17332, 5 Oct. 2010.

[273] D. M. Ornitz, “FGFs, heparan sulfate and FGFRs: complex interactions
essential for development,” Bioessays, vol. 22, pp. 108–112, Feb. 2000.

[274] S. Rashi-Elkeles, R. Elkon, S. Shavit, Y. Lerenthal, C. Linhart, A. Kuper-
shtein, N. Amariglio, G. Rechavi, R. Shamir, and Y. Shiloh, “Transcrip-
tional modulation induced by ionizing radiation: p53 remains a central
player,” Mol. Oncol., vol. 5, pp. 336–348, 1 Aug. 2011.

[275] D. R. Burt and G. L. Kamatchi, “GABAA receptor subtypes: from phar-
macology to molecular biology,” FASEB J., vol. 5, pp. 2916–2923, Nov.
1991.

[276] N. G. Bowery, B. Bettler, W. Froestl, J. P. Gallagher, F. Marshall, M. Rai-
teri, T. I. Bonner, and S. J. Enna, “International union of pharmacology.
XXXIII. mammalian gamma-aminobutyric acid(b) receptors: structure
and function,” Pharmacol. Rev., vol. 54, pp. 247–264, June 2002.

[277] N. G. Bowery and S. J. Enna, “gamma-aminobutyric acid(b) receptors:
first of the functional metabotropic heterodimers,” J. Pharmacol. Exp.
Ther., vol. 292, pp. 2–7, Jan. 2000.

[278] T. Galvez, B. Duthey, J. Kniazeff, J. Blahos, G. Rovelli, B. Bettler,
L. Prézeau, and J. P. Pin, “Allosteric interactions between GB1 and GB2
subunits are required for optimal GABA(B) receptor function,” EMBO J.,
vol. 20, pp. 2152–2159, 1 May 2001.

155



Chapter6

[279] R. Vigot, S. Barbieri, H. Bräuner-Osborne, R. Turecek, R. Shigemoto,
Y.-P. Zhang, R. Luján, L. H. Jacobson, B. Biermann, J.-M. Fritschy, C.-M.
Vacher, M. Müller, G. Sansig, N. Guetg, J. F. Cryan, K. Kaupmann,
M. Gassmann, T. G. Oertner, and B. Bettler, “Differential compartmen-
talization and distinct functions of GABAB receptor variants,” Neuron,
vol. 50, pp. 589–601, 18 May 2006.

[280] M. Gassmann and B. Bettler, “Regulation of neuronal GABA(B) receptor
functions by subunit composition,” Nat. Rev. Neurosci., vol. 13, pp. 380–
394, 18 May 2012.

[281] S. Ghose, M. K. Winter, K. E. McCarson, C. A. Tamminga, and S. J.
Enna, “The GABAβ receptor as a target for antidepressant drug action,”
Br. J. Pharmacol., vol. 162, pp. 1–17, Jan. 2011.

[282] S. S. Ferguson, “Evolving concepts in G protein-coupled receptor endo-
cytosis: the role in receptor desensitization and signaling,” Pharmacol.
Rev., vol. 53, pp. 1–24, Mar. 2001.

[283] M. von Zastrow, “Mechanisms regulating membrane trafficking of G
protein-coupled receptors in the endocytic pathway,” Life Sci., vol. 74,
pp. 217–224, 5 Dec. 2003.

[284] B. P. Fairfax, J. A. Pitcher, M. G. H. Scott, A. R. Calver, M. N. Pangalos,
S. J. Moss, and A. Couve, “Phosphorylation and chronic agonist treat-
ment atypically modulate GABAB receptor cell surface stability,” J. Biol.
Chem., vol. 279, pp. 12565–12573, 26 Mar. 2004.

[285] J. Perroy, L. Adam, R. Qanbar, S. Chénier, and M. Bouvier,
“Phosphorylation-independent desensitization of GABA(B) receptor by
GRK4,” EMBO J., vol. 22, pp. 3816–3824, 1 Aug. 2003.

[286] J. González-Maeso, A. Wise, A. Green, and J. A. Koenig, “Agonist-
induced desensitization and endocytosis of heterodimeric GABAB re-
ceptors in CHO-K1 cells,” Eur. J. Pharmacol., vol. 481, pp. 15–23, 14 Nov.
2003.

[287] S. Laffray, K. Tan, J. Dulluc, R. Bouali-Benazzouz, A. R. Calver, F. Nagy,
and M. Landry, “Dissociation and trafficking of rat GABAB receptor het-
erodimer upon chronic capsaicin stimulation,” Eur. J. Neurosci., vol. 25,
pp. 1402–1416, Mar. 2007.

[288] K. J. Vargas, M. Terunuma, J. A. Tello, M. N. Pangalos, S. J. Moss, and
A. Couve, “The availability of surface GABAB receptors is independent
of γ-Aminobutyric acid but controlled by glutamate in central neurons,” J.
Biol. Chem., vol. 283, pp. 24641–24648, 5 Sept. 2008.

[289] T. Grampp, K. Sauter, B. Markovic, and D. Benke, “Gamma-aminobutyric
acid type B receptors are constitutively internalized via the clathrin-
dependent pathway and targeted to lysosomes for degradation,” J. Biol.
Chem., vol. 282, pp. 24157–24165, 17 Aug. 2007.

156



CRISPR-Cas9 knockout screens for cellular recognition

[290] S. Balasubramanian, J. A. Teissére, D. V. Raju, and R. A. Hall, “Hetero-
oligomerization between GABAA and GABAB receptors regulates
GABAB receptor trafficking,” J. Biol. Chem., vol. 279, pp. 18840–18850,
30 Apr. 2004.

[291] T. Grampp, V. Notz, I. Broll, N. Fischer, and D. Benke, “Constitutive,
agonist-accelerated, recycling and lysosomal degradation of GABA(B)
receptors in cortical neurons,” Mol. Cell. Neurosci., vol. 39, pp. 628–637,
Dec. 2008.

[292] S. Hannan, M. E. Wilkins, E. Dehghani-Tafti, P. Thomas, S. M. Baddeley,
and T. G. Smart, “Gamma-aminobutyric acid type B (GABA(B)) receptor
internalization is regulated by the R2 subunit,” J. Biol. Chem., vol. 286,
pp. 24324–24335, 8 July 2011.

[293] M. Terunuma, K. J. Vargas, M. E. Wilkins, O. A. Ramírez,
M. Jaureguiberry-Bravo, M. N. Pangalos, T. G. Smart, S. J. Moss, and
A. Couve, “Prolonged activation of NMDA receptors promotes dephos-
phorylation and alters postendocytic sorting of GABAB receptors,” Proc.
Natl. Acad. Sci. U. S. A., vol. 107, pp. 13918–13923, Aug. 2010.

[294] S. K. Shenoy, P. H. McDonald, T. A. Kohout, and R. J. Lefkowitz, “Reg-
ulation of receptor fate by ubiquitination of activated beta 2-adrenergic
receptor and beta-arrestin,” Science, vol. 294, pp. 1307–1313, Nov.
2001.

[295] S. Sarker, K. Xiao, and S. K. Shenoy, “A tale of two sites: How ubiq-
uitination of a G protein-coupled receptor is coupled to its lysosomal
trafficking from distinct receptor domains,” Commun. Integr. Biol., vol. 4,
pp. 528–531, Sept. 2011.

[296] J. F. Nabhan, H. Pan, and Q. Lu, “Arrestin domain-containing protein
3 recruits the NEDD4 E3 ligase to mediate ubiquitination of the beta2-
adrenergic receptor,” EMBO Rep., vol. 11, pp. 605–611, Aug. 2010.

[297] M. R. Dores and J. Trejo, “Atypical regulation of G protein-coupled
receptor intracellular trafficking by ubiquitination,” Curr. Opin. Cell Biol.,
vol. 27, pp. 44–50, Apr. 2014.

[298] K. Zemoura, C. Trümpler, and D. Benke, “Lys-63-linked ubiquitination of
γ-Aminobutyric acid (GABA), type b1, at multiple sites by the E3 ligase
mind bomb-2 targets GABAB receptors to lysosomal degradation,” J.
Biol. Chem., vol. 291, pp. 21682–21693, Oct. 2016.

[299] N. Lahaie, M. Kralikova, L. Prézeau, J. Blahos, and M. Bouvier, “Post-
endocytotic deubiquitination and degradation of the metabotropic γ-
Aminobutyric acid receptor by the ubiquitin-specific protease 14,” J. Biol.
Chem., vol. 291, pp. 7156–7170, Mar. 2016.

[300] P. Ghosh, N. M. Dahms, and S. Kornfeld, “Mannose 6-phosphate recep-
tors: new twists in the tale,” Nat. Rev. Mol. Cell Biol., vol. 4, pp. 202–212,
Mar. 2003.

157



Chapter6

[301] A. Varki and S. Kornfeld, “P-type lectins,” in Essentials of Glycobiology
(A. Varki, R. D. Cummings, J. D. Esko, H. H. Freeze, P. Stanley, C. R.
Bertozzi, G. W. Hart, and M. E. Etzler, eds.), Cold Spring Harbor (NY):
Cold Spring Harbor Laboratory Press, 20 Mar. 2010.

[302] J. Brown, E. Y. Jones, and B. E. Forbes, “Interactions of IGF-II with the
IGF2R/cation-independent mannose-6-phosphate receptor mechanism
and biological outcomes,” Vitam. Horm., vol. 80, pp. 699–719, 2009.

[303] N. M. Dahms and M. K. Hancock, “P-type lectins,” Biochim. Biophys.
Acta, vol. 1572, pp. 317–340, 19 Sept. 2002.

[304] P. A. Dennis and D. B. Rifkin, “Cellular activation of latent transforming
growth factor beta requires binding to the cation-independent mannose
6-phosphate/insulin-like growth factor type II receptor,” Proc. Natl. Acad.
Sci. U. S. A., vol. 88, pp. 580–584, 15 Jan. 1991.

[305] F. Blanchard, S. Raher, L. Duplomb, P. Vusio, V. Pitard, J. L. Taupin, J. F.
Moreau, B. Hoflack, S. Minvielle, Y. Jacques, and A. Godard, “The man-
nose 6-phosphate/insulin-like growth factor II receptor is a nanomolar
affinity receptor for glycosylated human leukemia inhibitory factor,” J.
Biol. Chem., vol. 273, pp. 20886–20893, 14 Aug. 1998.

[306] F. Blanchard, L. Duplomb, S. Raher, P. Vusio, B. Hoflack, Y. Jacques, and
A. Godard, “Mannose 6-Phosphate/Insulin-like growth factor II receptor
mediates internalization and degradation of leukemia inhibitory factor
but not signal transduction,” J. Biol. Chem., vol. 274, pp. 24685–24693,
27 Aug. 1999.

[307] H. Ikushima, Y. Munakata, T. Ishii, S. Iwata, M. Terashima, H. Tanaka,
S. F. Schlossman, and C. Morimoto, “Internalization of CD26 by mannose
6-phosphate/insulin-like growth factor II receptor contributes to T cell
activation,” Proc. Natl. Acad. Sci. U. S. A., vol. 97, pp. 8439–8444, 18 July
2000.

[308] B. Motyka, G. Korbutt, M. J. Pinkoski, J. A. Heibein, A. Caputo, M. Hob-
man, M. Barry, I. Shostak, T. Sawchuk, C. F. B. Holmes, J. Gauldie, and
R. C. Bleackley, “Mannose 6-Phosphate/Insulin-like growth factor II re-
ceptor is a death receptor for granzyme B during cytotoxic TCell–Induced
apoptosis,” Cell, vol. 103, pp. 491–500, 27 Oct. 2000.

[309] C. R. Brunetti, R. L. Burke, S. Kornfeld, W. Gregory, F. R. Masiarz,
K. S. Dingwell, and D. C. Johnson, “Herpes simplex virus glycopro-
tein D acquires mannose 6-phosphate residues and binds to mannose
6-phosphate receptors,” J. Biol. Chem., vol. 269, pp. 17067–17074,
24 June 1994.

[310] R. G. MacDonald, S. R. Pfeffer, L. Coussens, M. A. Tepper, C. M.
Brocklebank, J. E. Mole, J. K. Anderson, E. Chen, M. P. Czech, and
A. Ullrich, “A single receptor binds both insulin-like growth factor II and
mannose-6-phosphate,” Science, vol. 239, pp. 1134–1137, 4 Mar. 1988.

158



CRISPR-Cas9 knockout screens for cellular recognition

[311] P. Y. Tong, S. E. Tollefsen, and S. Kornfeld, “The cation-independent
mannose 6-phosphate receptor binds insulin-like growth factor II,” J. Biol.
Chem., vol. 263, pp. 2585–2588, 25 Feb. 1988.

[312] D. O. Morgan, J. C. Edman, D. N. Standring, V. A. Fried, M. C. Smith,
R. A. Roth, and W. J. Rutter, “Insulin-like growth factor II receptor as a
multifunctional binding protein,” Nature, vol. 329, no. 6137, pp. 301–307,
1987.

[313] J. X. Kang, Y. Li, and A. Leaf, “Mannose-6-phosphate/insulin-like growth
factor-II receptor is a receptor for retinoic acid,” Proceedings of the
National Academy of Sciences, vol. 94, pp. 13671–13676, 9 Dec. 1997.

[314] A. Nykjaer, E. I. Christensen, H. Vorum, H. Hager, C. M. Petersen, H. Røi-
gaard, H. Y. Min, F. Vilhardt, L. B. Møller, S. Kornfeld, and J. Gliemann,
“Mannose 6-phosphate/insulin-like growth factor-II receptor targets the
urokinase receptor to lysosomes via a novel binding interaction,” J. Cell
Biol., vol. 141, pp. 815–828, 4 May 1998.

[315] S. Godár, V. Horejsi, U. H. Weidle, B. R. Binder, C. Hansmann, and
H. Stockinger, “M6P/IGFII-receptor complexes urokinase receptor and
plasminogen for activation of transforming growth factor-beta1,” Eur. J.
Immunol., vol. 29, pp. 1004–1013, Mar. 1999.

[316] M. Forgac, “Vacuolar ATPases: rotary proton pumps in physiology and
pathophysiology,” Nat. Rev. Mol. Cell Biol., vol. 8, pp. 917–929, Nov.
2007.

[317] J. A. Solinger and A. Spang, “Tethering complexes in the endocytic
pathway: CORVET and HOPS,” FEBS J., vol. 280, pp. 2743–2757,
1 June 2013.

[318] B. Reaves and G. Banting, “Vacuolar ATPase inactivation blocks recy-
cling to the trans-golgi network from the plasma membrane,” FEBS Lett.,
vol. 345, pp. 61–66, 23 May 1994.
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