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Abstract  

For all cancers, increased ribosome biogenesis is a critical 

requirement and RIO kinases play a critical role in maintaining 

processing efficiency. RioK1 is important because it is required for 

cytoplasmic maturation of the small(40S) subunit. RioK1 is also 

important to other cancer promoting processes, such as 

proliferation and migration. In functions other than ribosome 

biogenesis, RioK1 is used as an adaptor protein of PRMT5 (protein 

arginine methyltransferase 5) and recruits nucleolin for 

symmetrical demethylation. In relation to cancer, however, specific 

roles, as well as structure for the RioK1-PRMT5-nucleolin complex 

is still unknown.  Overall, this research will investigate the effects 

of RIOK1 knockdown and overexpression on cancer-supporting 

processes such as proliferation, migration, and invasion. The goal 

of this specific project was as such: what is the ideal molar ratio of 

mixing RioK-1 and PRMT5, that results in the best, most 

homogeneous, complex being formed? After determining this ratio, 

X-ray crystallography will be used on the RioK1-PRMT5-nucleolin 

complex and the structure will be determined. The methodology 

used was as follows: first, Riok1 and PRMT5 from Chaetomium 

Thermophilum were expressed in E. coli bacteria and then purified. 

Afterwards, RioK1 and PRMT5 were mixed in various molar ratios 

and then analyzed on native PAGE gel. Initially, RioK1 and 

PRMT5 were both varied, but then RioK1 was kept at a constant 

ratio while PRMT5 was varied. Our results showed that the ideal 

molar ratio for mixing RioK1 and PRMT5 was a 

1:4(Riok1:PRMT5) molar ratio. These results show that the 1:4 

molar ratio is ideal, but it is not known if the ratio is defined on 

PRMT5 being in excess of RioK1—another test must be done in 

which PRMT5 is held constant while RioK1 is varied. The results of 

this project have positively contributed to the overall research goal: 

the evaluation of RioK1 as a potential target and potentially 

providing new strategies for anti-cancer therapy. 

 

INTRODUCTION 

CANCER IS A DANGEROUS DISEASE THAT AFFECTS MANY 

PEOPLE IN THE WORLD TODAY. CANCER IS THE TERM GIVEN TO 

A COLLECTION OF RELATED DISEASES. IN ALL TYPES OF 

CANCER, THE BODIES CELLS BEGIN DIVIDING WITHOUT 

STOPPING AND SPREAD INTO SURROUNDING TISSUES.1 CANCER 

CELLS DIFFER FROM NORMAL CELLS IN THE FACT THAT THEY 

ARE LESS SPECIALIZED THAN NORMAL CELLS. NORMAL CELLS 

USUALLY MATURE INTO DISTINCT CELL TYPES WITH SPECIFIC 

FUNCTIONS, WHILE CANCER CELLS DO NOT. CANCER CELLS, 

DUE TO THIS UNSPECIFIED FUNCTIONALITY, CAN IGNORE 

SIGNALS THAT NORMALLY SIGNAL THE END OF CELL DIVISION. 

IN THOSE REGARDS, OUR STUDY WORKS ON OVARIAN CANCER 

CELLS. OVARIAN CANCER OCCURS IN THE FEMALE 

REPRODUCTIVE GLAND, THE OVARIES—FIGURE 1 SHOWS THE 

DIFFERENCE BETWEEN A NORMAL OVARY AND ONE AFFECTED 

BY CANCER.2  

 

FIGURE 1. DIAGRAM VISUALIZING OVARIAN CANCER  

1 IN 75 WOMEN ARE AFFECTED BY OVARIAN CANCER AND 1 IN 

100 OF THOSE AFFECTED, HAVE A CHANCE OF DYING FROM THE 

DISEASE; TO COMBAT THIS DISEASE, THIS RESEARCH IS 

IMPERATIVE.  

 RIO-KINASE 1(RIOK1), PROTEIN ARGININE 

METHYLTRANSFERASE 5(PRMT5) AND NUCLEOLIN ARE THREE 

PROTEINS THAT FORM A COMPLEX WHICH RELATES TO CANCER. 

THIS COMPLEX IS FOUND IN NORMAL CELLS AS WELL, BUT IN 

CANCER CELLS IT HAS BEEN FOUND THAT RIOK1 IS DIRECTLY 

INVOLVED IN CANCER SUPPORTIVE PROCESSES, ALTHOUGH THE 

EXACT ROLE IS UNCLEAR. IN ORDER UNDERSTAND THE ROLE 

RIOK1 PLAYS, THIS PROJECT FIRST FOCUSES ON DETERMINING 

THE STRUCTURE OF THE RIOK1-PRMT5-NUCLEOLIN COMPLEX 

AND FROM THERE, THE EFFECTS OF RIOK1 KNOCKDOWN AND 

OVER EXPRESSION ON CANCER SUPPORTIVE PROCESSES SUCH AS 

PROLIFERATION, MIGRATION AND RIBOSOME BIOGENESIS WILL 

BE STUDIED.  

RIBOSOMES ARE AN IMPORTANT REQUIREMENT FOR PROTEIN 

SYNTHESIS IN ALL KINGDOMS OF LIFE. BOTH PROKARYOTIC 

AND EUKARYOTIC RIBOSOMES CONTAIN TWO SUBUNITS, THE 

SMALL 40S SUBUNIT AND THE LARGE 60S SUBUNIT. THE 40S 

SMALL SUBUNIT (SSU) CONSISTS OF ONE RRNA (18S) AND 33 

PROTEINS AND THE 60S LARGE SUBUNIT (LSU) CONSISTS OF 
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THREE RRNA (25S, 5.8S AND 5S) AND 46 PROTEINS.3 BOTH 

THE LARGE AND SMALL SUBUNITS OF RIBOSOMES UNDERGO 

ASSEMBLY PROCESSES, IN WHICH MATURATION OCCURS 

(FIGURE 2).  

 

FIGURE 2. DIAGRAM SHOWING THE MATURATION STAGES OF 

EUKARYOTIC RIBOSOMES4 

THE DIAGRAM SHOWS THAT RIBOSOME BIOGENESIS OCCURS IN 

MULTIPLE LOCATION THROUGHOUT THE CELL. AS CAN BE SEEN 

IN THE DIAGRAM, THE 43S PRE-RIBOSOMES ARE EXPORTED OUT 

OF THE NUCLEUS INTO THE CYTOPLASM, BEFORE MATURATION 

INTO THE 40S SUBUNIT.  

 PROTEIN KINASES OF THE RIO FAMILY ARE REQUIRED FOR 

CYTOPLASMIC PRE-40S MATURATION, PARTICULARLY BOTH 

RIOK1 AND RIOK2 CONTROL THE RECYCLING OF TRANSACTING 

FACTORS THAT ASSOCIATED WITH LATE PRE-40S RIBOSOMES. 

RIOK2 IS USUALLY RELEASED WITH SEVERAL SMALL SUBUNIT 

BIOGENESIS FACTORS BEFORE RIOK1 IS RELEASED. RIOK1 IS 

IMPORTANT IN THE PROCESS OF PASSING PRE-MATURE SMALL 

SUBUNIT PARTICLES THROUGH THE LAST MATURATION STEP: 

WHERE THE 20S RIBOSOMAL SUBUNIT IS CLEAVED AND THE 

MATURE 40S SUBUNIT IS PRODUCED (FIGURE 2).  

 RIOK1 ALSO FUNCTIONS AS AN ADAPTOR PROTEIN TO 

RECRUIT NUCLEOLIN TO PRMT5 FOR METHYLATION. PROTEIN 

METHYLATION IS CONSIDERED AS AN IMPORTANT POST-

TRANSLATIONAL MODIFICATION WHICH REGULATES PROTEIN 

FUNCTIONS IN ASPECTS SUCH AS CATALYTIC ACTIVITY, 

LOCALIZATION, AND STABILITY.5 ARGININE METHYLATION IS 

BECOMING AN IMPORTANT POST-TRANSLATIONAL 

MODIFICATION FOR CYTOPLASMIC AND NUCLEAR PROTEINS.5,6 

NINE PRMTS HAVE BEEN IDENTIFIED IN HUMANS AND ARE 

CLASSIFIED AS TWO DIFFERENT TYPES BASED ON THEIR SPECIFIC 

METHYLATED PRODUCT. FORMATION OF MONO-

METHYLARGININES ARE CATALYZED BY BOTH TYPE I AND TYPE 

II PRMTS, WHILE THE FORMATION OF SYMMETRIC 

DIMETHYLARGININES IS ONLY CATALYZED BY TYPE II PRMTS.5 

PRMT5 IS A MAJOR MEMBER OF THE TYPE II PRMTS AND 

CATALYZED THE MONO AND SYMMETRIC METHYLATION OF 

ARGININE RESIDUES OF A WIDE RANGE OF PROTEINS WHICH 

PLAY CRITICAL ROLES IN VARIOUS CELLULAR PROCESSES. THIS 

INCLUDES RNA SPLICING, TRANSLATIONAL REGULATION, DNA 

REPAIRING, SIGNAL TRANSDUCTION, CELL PROLIFERATION AND 

STEM CELL, PRIMORDIAL GERM CELL DIFFERENTIATION.5 

PRMT5 DIRECTLY INTERACT WITH COMMONLY MISREGULATED 

OR MUTATED PROTEINS IN CANCER AND IT IS INDICATED THAT 

PRMT5 PLAYS AN IMPORTANT ROLE IN CANCER AS A 

POTENTIAL ONCOGENE. PRMT5 IS OVEREXPRESSED IN 

MULTIPLE CANCERS INCLUDING OVARIAN CANCER. FOR 

EXAMPLE, IN EPITHELIAL OVARIAN CANCER, THE SURVIVAL 

LEVEL HAS BEEN FOUND TO BE NEGATIVELY CORRELATED TO 

PRMT5 EXPRESSION LEVEL.7 

 NUCLEOLIN IS A UNIVERSALLY EXPRESSED PROTEIN THAT 

IS LOCALIZED IN BOTH THE CYTOPLASM AND NUCLEOLUS. IT 

PLAYS ESSENTIAL ROLES IN MANY PATHWAYS INCLUDING 

RIBOSOME BIOGENESIS, MATURATION, AND CELL 

PROLIFERATION.8 THE CONNECTION BETWEEN NUCLEOLIN AND 

PRMT5 IS FURTHER SUPPORTED BECAUSE AS1411, A 

NUCLEOLIN-TARGETING QUADRAPLEX-FORMING 

OLIGONUCLEOTIDE APTAMER, ALTERS THE SUBCELLULAR 

LOCALIZATION OF THE PRMT5-NUCLEOLIN COMPLEX.9  

 THE PROJECT SPECIFIC GOAL IS AS SUCH: WHAT IS THE 

IDEAL MOLAR RATIO OF MIXING RIOK-1 AND PRMT5, THAT 

RESULTS IN THE BEST, MOST HOMOGENEOUS, COMPLEX BEING 

FORMED?  

METHODS 

PROTEIN PURIFICATION  

CHAETOMIUM THERMOPHILUM PRMT5 AND RIO-K 1 WERE 

EXPRESSED IN E. COLI BACTERIA. THE PLASMIDS USED TO 

EXPRESS THESE PROTEINS BEAR A GENE THAT ALLOWS FOR 

KANAMYCIN RESISTANCE. THE CELLS WERE SCREENED FOR 

KANAMYCIN RESISTANCE TO ENSURE THEY CONTAIN THE 

PROTEIN EXPRESSING PLASMID. CELLS WERE THEN GROWN TO 

AN OD OF 0.6-0.8 AT 37◦C AND THEN 1 MM IPTG WAS ADDED 

AND THE CELLS WERE PLACED IN 18°C TO EXPRESS PROTEIN 

FOR 14-16 HOURS. THE CELLS ARE THEN HARVESTED USING 

TRIS-HCL PH 8.0 LYSIS BUFFER (100MM TRIS, NACL 300 MM, 

2MG/ML RNAASE A AND 10 UG/ML DNASE 1). BUCKBUSTER 

(0.1-0.5) X WAS ALSO ADDED, AS WELL AS 0.2% BME AND THE 

CELLS WERE LYSED FOR 45 MINUTES. THE LYSATE WAS 

CENTRIFUGED AT 20,000 RPM, AND THE SUPERNATANT WAS 

THEN PASSED OVER TWO HIS-TRAP COLUMNS, A MONO Q-

COLUMN AND A SIZE EXCLUSION COLUMN IN ORDER PURIFY THE 

PRMT5 AND RIO-K1 SEPARATELY.  

NATIVE PAGE GEL  
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 PRMT5 AND RIOK-1 WERE MIXED IN VARIOUS MOLAR 

RATIOS BUFFER CONTAINING 200 MM NACL. 100 MM TRIS PH 

8.0, AND 0.2% BME, INCUBATED FOR 30 MINUTES AND 

ANALYZED ON NATIVE PAGE GEL. A PROTEIN MOLECULAR 

WEIGHT LADDER USED FOR SDS-PAGE ANALYSIS WAS USED 

DUE TO THERE NOT BEING A NATIVE PAGE PROTEIN MARKER.   

RESULTS: 

 FIGURE 3 SHOWS THE RESULTS OF THE NATIVE PAGE GEL 

AND TABLE 1 SHOWS THE MOLAR RATIO OF RIOK-1 TO PRMT5 

MIXED TOGETHER. THE IDEAL RATIO FOR MIXING RIOK-1 AND 

PRMT5 WAS FOUND TO BE A 1:4 MOLAR RATIO.   

 

 

FIGURE 3. NATIVE PAGE GEL RESULTS  

 

TABLE 1. MOLAR RATIOS OF MIXING CT-RIO-K 1 AND CT-

PRMT5  

 

 

DISCUSSION 

 IN TRYING TO DETERMINE THE STRUCTURE OF THE RIOK-1-

PRMT5-NUCLEOLIN COMPLEX, THE IDEAL MOLAR AMOUNT 

FOR MIXING HAD TO BE ESTABLISHED. INITIALLY, DUE THE 

RATIO NOT BEING IDEAL, UPON MIXING RIOK-1 AND PRMT5, 

THERE WAS STILL TWO BANDS PRESENT. FOR EXAMPLE, IN LANE 

3 OF FIGURE 3, WHEN A RIOK-1 TO PRMT5 MOLAR RATIO OF 

2:1 WAS USED, TWO DISTINCT BANDS RESULTED. HOWEVER, 

FROM LANE 4 AND ONWARDS, AS RIOK-1 WAS KEPT AT A 

CONSTANT MOLAR RATIO OF 1 AND PRMT5 WAS VARIED, THE 

BANDS GRADUALLY BECAME ONE. IT IS IMPORTANT TO NOTE 

THAT AS THE BANDS BECAME ONE, THEY MOVED UPWARDS ON 

THE GEL—INDICATING A BIGGER SIZE. WHEN TWO PROTEINS 

FORM A COMPLEX, IT IS EXPECTED THAT THEIR SIZE TOGETHER 

WILL BE BIGGER THAN THE TWO PROTEINS SEPARATELY. GEL 

ELECTROPHORESIS WORKS ON THE PRINCIPLE THAT PROTEINS 

SEPARATE BY SIZE, WITH HEAVIER PROTEINS BEING NEAR THE 

TOP OF THE GEL WHILE LIGHTER PROTEINS WILL BE NEAR THE 

BOTTOM. AS THE RATIO BECAME MORE IDEAL, THE BANDS 

MOVED CLOSER TO THE TOP OF THE GEL WHICH INDICATES 

THAT A 1:4 RIO-K1: PRMT5 RATIO IS IDEAL, WHICH CAN BE 

SEEN IN LANE 10 ON FIGURE 3.   

 FOR FUTURE RESEARCH, ANOTHER STUDY COULD BE DONE 

IN WHICH [RIOK-1] IS VARIED WHILE [PRMT5] IS HELD 

CONSTANT. THIS WOULD BE DONE TO VERIFY IF THE 

DISCOVERED IDEAL MOLAR RATIO OF 1:4 IS DEPENDENT ON 

WHICH PROTEIN IS IN EXCESS OF THE OTHER, OR IF ONLY THE 

RATIO IS IMPORTANT. CONSTRUCT BUILDING OF THE RIOK-1, 

PRMT5 AND NUCLEOLIN ALSO NEEDS TO BE DONE AS WELL. 

LASTLY, THE SCREENING OF VARIOUS DRUGS ON RIOK1-

PRMT5-NUCLEOLIN COMPLEX WILL BE DONE AND THEIR 

EFFECTS WILL BE STUDIED.  
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