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Important Information

Product Information

Collaborators

This practical guide is for the use of TYR sphere in the dietary management of persons aged 3 years and over with 
tyrosinaemia, whether as a result of hereditary tyrosinaemia or Nitisinone treatment in adults with alkaptonuria (AKU).

This practical guide is: 

• for use by healthcare professionals working with persons aged 3 years and over diagnosed with tyrosinaemia.

• not for use by parents or caregivers of persons with tyrosinaemia or patients themselves.

TYR sphere is a food for special medical purposes.

TYR sphere is a powdered red berry flavoured, low tyrosine and low phenylalanine protein substitute, containing 
a balanced mix of glycomacropeptide (GMP) isolate, essential and non-essential amino acids, carbohydrate, fat, 
vitamins, minerals and docosahexaenoic acid (DHA). TYR sphere contains sugars and sweetener.

Each TYR sphere20 sachet provides 20g protein equivalent, <11mg of tyrosine and 36mg of phenylalanine (Phe); 
this level of tyrosine and Phe is not clinically significant.

Each TYR sphere20 sachet provides 120kcal.

Each TYR sphere20 sachet is reconstituted with 120ml water (final volume 140ml).

TYR sphere must be used under medical supervision.

TYR sphere is not for use as a sole source of nutrition.

TYR sphere is suitable from 3 years of age onwards.

TYR sphere must only be consumed by people with tyrosinaemia.

Protein in prescribed amounts must be consumed to meet tyrosine and Phe requirements. 

Ensure adequate intake of fluid and other nutrients to meet general nutritional requirements.

Protein substitutes based on GMP are a source of tyrosine and Phe.

For enteral use only.

Any product information contained in this practical guide, although accurate at the time of publication, is subject to 
change. The most current product information may be obtained by referring to product labels and www.vitafloweb.com

Please refer to product label for information regarding allergens.

Additional resources can be found at www.vitaflo-via.com

The way in which TYR sphere is introduced and subsequently adjusted is dependent upon the individual patient, and their 
blood tyrosine and Phe levels. Practical examples are given in this guide; it is the responsibility, however, of the managing 
healthcare professional to use their clinical judgement to introduce and adjust TYR sphere in the most appropriate way 
for individual patients, and in some cases, it may not be appropriate to use the practical guide.

Vitaflo® dietitians in collaboration with:

Manon Bouchard, Nutritionniste, Montréal, Quebec, Canada.

Shirley Judd, Dietitian, National Alkaptonuria Centre, Royal Liverpool University Hospital, Liverpool, United Kingdom.
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Abbreviations

Definitions 

AA-PS Amino acid-based protein substitute 

AKU Alkaptonuria

DHA Docosahexanoic acid

FAA Fumarylacetoacetate

GMP Glycomacropeptide

GMP-PS Glycomacropeptide-based protein substitute

HGA Homogentisic acid

HT Hereditary Tyrosinaemia

MAA Malelyacetoacetate

NAC National Alkaptonuria Centre

Phe Phenylalanine

PKU Phenylketonuria

PS Protein substitute

Alkaptonuria (AKU) A rare autosomal recessive disorder of the tyrosine metabolic pathway, resulting from 
a genetic deficiency in the enzyme homogentisate-1, 2-dioxygenase.

Glycomacropeptide (GMP) A macropeptide that comes from whey, a natural protein source; it is a by-product of 
the cheese-making process and is low in tyrosine and Phe.

Hereditary tyrosinaemia (HT) A number of rare autosomal recessive conditions, resulting from enzyme deficiencies 
in the tyrosine metabolic pathway.

Nitisinone A synthetic reversible inhibitor of an enzyme in the tyrosine degradation pathway, 
4-hydroxyphenylpyruvate dioxygenase. Nitisinone is also known as 2-[2-nitro-4- 
trifluoromethylbenzoyl]-1, 3-cyclohexanedione (NTBC).

Phenylketonuria (PKU) A rare autosomal recessive disorder, caused by a deficiency in the enzyme 
phenylalanine hydroxylase, which converts the amino acid phenylalanine to tyrosine in 
the phenylalanine degradation pathway.

Tyrosinaemia  Elevated levels of the amino acid tyrosine in the blood. A symptom of several rare 
autosomal recessive conditions resulting from deficiencies in specific enzymes in the 
tyrosine metabolic pathway.
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Disclaimer

The information contained in the practical guide is for general information purposes only and does not constitute 
medical advice. The practical guide is not a substitute for medical care provided by a licensed and qualified healthcare 
professional and Vitaflo does not accept any responsibility for any loss arising from reliance on information contained in 
this guide.

This practical guide should be read in conjunction with local, national and international guidelines and best practice for 
the dietary management of tyrosinaemia. Information contained within the guide is based on the most recent scientific 
evidence available on the management of tyrosinaemia as of March 2021.

This practical guide does not establish or specify particular standards of medical care for the treatment of any 
conditions referred to in this practical guide.

Vitaflo® International Limited does not recommend or endorse any specific tests, procedures, opinions, clinicians or 
other information that may be included or referenced in this practical guide. 
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1.0

Adapted from Honar, N., Shakibazad, N., Shirazi, Z.S., Dehghani, S.M., & Inaloo, S. (2017). Neurological Crises after Discontinuation of Nitisinone 
(NTBC) Treatment in Tyrosinemia. Iranian journal of child neurology.

Tyrosine

Phenylalanine hydroxylase

4HPP dioxygenase (Nitisinone inhibits this step)Hereditary Tyrosinemia type 3

MMA isomerase

Tyrosine aminotransferaseHereditary Tyrosinemia type 2

HGA oxidaseAlkaptonuria

FAA hydrolaseHereditary Tyrosinemia type 1

Homogentisic acid (HGA)

Fumarylacetoacetate (FAA)

Fumarate + Acetoacetate

Phenylalanine

4-hydroxyphenylpyruvatedioxygenase (4HPP)

Maleylacetoacetate (MAA)

Tyrosinaemia encompasses several disease conditions that manifest with elevated levels of the amino acid (AA) 
tyrosine in the blood, the metabolites of which are toxic. These conditions are rare and include hereditary tyrosinaemia 
(HT)(1) and acquired tyrosinaemia that results from Nitisinone treatment in alkaptonuria (AKU)(2). There are three types of 
hereditary tyrosinaemia (type I (HTI), type II (HTII) and type III (HTIII)); all are rare autosomal recessive conditions due to 
enzyme deficiencies in the tyrosine metabolic pathway. Nitisinone was introduced as a treatment option for HTI and a 
potential treatment for AKU in 1992 and 1998 respectively.

Nitisinone is licensed for use in HT and, at the time of writing, is being provided off-license as a treatment for AKU at the 
UK’s National AKU Centre (NAC). Following the results of a pan-European multi-centre SOPHIA trial, a joint application 
was submitted to the European Medicines Agency (EMA) to have Nitisinone licensed as an effective, safe treatment for 
AKU. In October 2020, the European Commission (EC) issued an extension of the indication of Nitisinone to include the 
treatment of adult patients with AKU. At the time of writing, a decision from the EC on whether the drug should receive 
marketing authorisation is pending; please refer to The AKU Society website for the most up-to-date information  
https://akusociety.org/

Nitisinone inhibits the second enzyme of the tyrosine degradation pathway, 4-hydroxyphenylpyruvatedioxygenase 
(4HPP), and prevents the accumulation of the toxic tyrosine metabolites homogentisic acid (HGA), maleylacetoacetate 
(MAA) and fumarylacetoacetate (FAA). Nitisinone use does, however, lead to a secondary increase in plasma tyrosine 
levels(2) which, if left unmanaged, may lead to eye and skin problems(3) and may have an impact on neurodevelopment(4,5).

Tyrosinaemia

Tyrosine Degradation Pathway
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The aim of dietary management in tyrosinemia is to reduce the intake of tyrosine and Phe to maintain plasma tyrosine 
concentrations within target range (as per local policy), and, in turn, reduce the risk of eye, skin and neurological 
problems. To reduce tyrosine and Phe intake, a low protein diet, including a protein substitute  free from or very low in 
tyrosine and Phe, is prescribed.  Protein substitutes are included in the diet to support normal growth and development.  
It is recommended that 70–90% of the daily protein intake is provided by the protein substitute  in the dietary 
management of HTI(6).

Life-long dietary treatment is recommended for tyrosinaemia, but is described as being more difficult than taking 
medicines(6). Suboptimal adherence to amino acid-based protein substitutes (AA-PS) is an issue in patients of 
all ages, and may be caused by a dislike of the taste, smell and texture of these products(7 - 9). Adhering to dietary 
recommendations becomes more problematic in adolescence and adulthood, possibly due to the shift in responsibility 
from carer to patient(9, 10). Poor adherence to the lifelong recommendation of a low protein diet and protein substitutes 
can compromise metabolic control and micronutrient intake(11). In HT and AKU, any new dietary option with a better 
taste should be considered as it may  improve adherence and quality of life.

Glycomacropeptide (GMP) is a well-researched macropeptide derived from a natural protein source; it has a very low 
tyrosine and low Phe content, making it suitable for use in the dietary management of tyrosinaemia. In phenylketonuria 
(PKU) studies, individuals rate GMP-based protein substitutes (GMP-PS) as more palatable and acceptable than AA-PS 
based on taste, odour, appearance and texture(12 - 14); this palatability has been linked to better compliance and improved 
metabolic control(15).

Vitaflo has researched and developed TYR sphere, a new GMP-PS suitable for tyrosinaemia, and assessed its 
acceptability and tolerance in a four-week study. TYR sphere was well-accepted and liked in 70% of participants in the 
study, and metabolic control was maintained(16). Participants that had pre-study gastrointestinal symptoms reported an 
improvement in the same while taking TYR sphere during the study period(16).

This practical guide gives information on the use and introduction of TYR sphere in children (over the age of 3 years) 
and adults with tyrosinaemia. The proposed stepwise approaches for transitioning to TYR sphere (pages 9 and 10) 
and introducing or reintroducing a protein substitute (pages 11 and 12) aim to provide a seamless introduction, without 
compromising protein substitute adherence. Guidance is provided for patients who partially or completely replace their 
existing AA-PS with this new protein substitute.
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2.1 What is GMP?

GMP is a macropeptide that comes from whey, a natural protein source; it is a by-product of the cheese-making process 
(see Appendix 1). GMP is low in tyrosine and Phe and is therefore suitable for use in the dietary management of HT and 
AKU. During this isolation process, small amounts of other whey proteins that contain tyrosine and Phe become present 
in GMP(17).

Amino acid profile of GMP

Isolated, unmodified GMP has an incomplete AA profile; it is low in the essential L-amino acids histidine, leucine, 
tryptophan, methionine, lysine and phenylalanine and the conditionally-essential L-amino acids cysteine, arginine, 
glycine and tyrosine(18 - 20). TYR sphere must be supplemented with lysine, leucine, tryptophan, histidine, methionine, 
arginine, glycine and cysteine to meet World Health Organisation safe minimum levels(21) and ensure its suitability as an 
alternative to AA-PS (i.e. in the partial or full replacement of AA-PS with TYR sphere).

Physical and functional properties of GMP

Due to its physical and functional properties, GMP may have other potential health benefits. Most of the evidence is 
from PKU animal studies, but short-term cohort studies and case studies have been completed in patients with PKU; 
references are summarised in Appendix II.

Isolated unmodified GMP

High in:
Threonine
Isoleucine

Valine
Essential amino acids

Conditionally - essential 
amino acids

Low in:
Histidine
Leucine

Tryptophan
Methionine

Lysine
Phenylalanine

Cysteine
Arginine
Glycine

Tyrosine

2.0 TYR sphere and GMP

TYR sphere is supplemented with essential and conditionally-essential amino acids to ensure overall good quality 
protein source for growth, repair and development, and maintenance of lean body mass.
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2.2 What is TYR sphere?

TYR sphere is a blend of isolated, unmodified GMP and free amino acids, with added micronutrients and DHA. 

GMP:
To ensure its suitability as a protein substitute for 
tyrosinaemia, the isolated, unmodified GMP in   
TYR sphere is combined with essential and conditionally-
essential amino acids, vitamins and minerals, and DHA.

Supplementation with amino acids: 

Essential and conditionally-essential 
amino acids are rate-limiting for 
protein synthesis.

TYR sphere

Vitamins and minerals:
There is an increased risk of vitamin and mineral deficiencies in 
individuals on a protein-restricted diet(22).

TYR sphere is supplemented with vitamins and minerals.

TYR sphere is interchangeable with the other protein substitutes 
for the dietary management of tyrosinaemia in the Vitaflo range i.e. 
TYR express and TYR cooler.

DHA:

DHA intake is compromised in protein-restricted diets(23).

TYR sphere20 contains 110mg DHA per 20g PE sachet.

A daily intake of 60g PE as TYR sphere20 (3 sachets) provides 330mg DHA;  
this meets current recommendations of 250mg DHA/day for adults and children(24)  
and may eliminate the need for separate DHA supplementation.

All GMP-based protein substitutes contain a small amount of tyrosine and Phe. 

Each TYR sphere20 sachet contains <11mg of tyrosine and 36mg of Phe. This level of tyrosine and Phe is not considered clinically 
significant and will not have an impact on dietary management. Metabolic control was maintained when children and adults with 
tyrosinaemia took TYR sphere for four weeks during an acceptability study(16). Low serum Phe levels are a complication of dietary 
management of HT1, and Phe supplementation is required as standard clinical practice. The Phe content in TYR sphere may be an 
advantage in the dietary management of HTI, as it may reduce the amount of Phe supplementation required.

Special consideration is required when introducing a protein substitute during pregnancy.

When transitioning to or introducing a protein substitute during pregnancy, continue with routine clinical care (as per local policy), 
which may involve monitoring bloods more closely; e.g., through a full AA profile weekly.
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3.0 Transitioning to TYR sphere

* Replace 3 AA-PS with  
3 sachets TYR sphere20

20g PE

* Replace 2 AA-PS with  
2 sachets TYR sphere20

20g PE

* Replace 1 AA-PS with  
1 sachet TYR sphere20

20g PE

§ Taking 3 x AA-PS

Discuss transitioning from an AA-PS to TYR sphere20; complete a taste test and consider individual preference for a partial or full transition.

Advise on tyrosine and Phe content and explain how it is not clinically significant.

Obtain a thorough diet history, paying attention to natural protein and protein substitute intake.

Calculate nutritional requirements.

Identify energy difference between AA-PS and TYR sphere20; advise on dietary adjustment accordingly.

Introduce TYR sphere20 in a systematic 
way. 

Advise keeping dietary protein intake the 
same and reducing (but not discontinuing) 
AA-PS whilst increasing TYR sphere20.

* This flow chart assumes the individual is taking 
an AA-PS that contains 20g PE. If the individual is 
taking a protein substitute that contains any other 
amount of PE, then the amount of TYR sphere20 
should be adjusted accordingly.

This stepwise approach aims to provide a 
seamless transition to TYR sphere20.

It is for use in situations where an individual is 
established on an AA-PS and wishes to make a 
more gradual transition to TYR sphere20.

If desired by the individual and deemed 
appropriate by the managing healthcare 
professional, then a less gradual approach  
(e.g. starting at Stages 2 or 3) may be possible.

It is not anticipated that transitioning to  
TYR sphere20 will compromise metabolic 
control; blood tyrosine and Phe levels should, 
however, be monitored as deemed appropriate 
by the managing healthcare professional and  
in line with local policy. 
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Stage 1

Stage 2

Stage 3

Note:

If blood Phe or tyrosine levels are raised:

Check and address all other possible causes 
including fever/infection/trauma, inadequate 
energy intake, excess natural protein intake, 
insufficient intake of or incorrect protein 
substitute taken, hormonal fluctuations.

Spreading protein substitute throughout 
the day:

Some patients may not wish to transition 
fully to TYR sphere, and so, will take both 
AA-PS and GMP-PS. It is best practice to 
spread both AA-PS and GMP-PS throughout 
the day.

Reviewing the protein substitute 
prescription:

When reviewing the protein substitute 
prescription, take changes in nutritional 
requirements (e.g. due to pregnancy, puberty, 
hormonal changes, acute illness, prolonged 
infection, postoperative period, sarcopaenia) 
and possible causes of any weight loss (e.g. 
protein and/or energy deficit, a non-dietary 
cause) into consideration.

20g PE 20g PE

20g PE20g PE

20g PE20g PE

20g PE 20g PE 20g PE

Discuss transitioning from an AA-PS to TYR sphere20; complete a taste test and consider individual preference for a partial or full transition.

Advise on tyrosine and Phe content and explain how it is not clinically significant.

Obtain a thorough diet history, paying attention to natural protein and protein substitute intake.

Calculate nutritional requirements.

Identify energy difference between AA-PS and TYR sphere20; advise on dietary adjustment accordingly.

Liquid or 
powder AA-PS

Key:

TYR sphere20



‡ In line with local and/or national policy.

§ Can be an AA-PS, GMP-PS or a combination of both.

* Each sachet of TYR sphere20 contains 20g of protein equivalent.

† Applies to patients with AKU that have commenced Nitisinone but do not yet have a raised tyrosine level. Does not apply to patients with HT.
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4.0 Introducing or reintroducing a protein substitute

Normal tyrosine level at baseline†

Normal tyrosine level

Continue with existing diet and monitor blood tyrosine and Phe 
level‡

Check fasting blood tyrosine and Phe level‡.

 Check fasting blood tyrosine and Phe level‡

• Repeat this step until an acceptable 
blood tyrosine level is achieved.

• Ensure any further reduction in 
natural dietary protein to reduce 
tyrosine level is compensated for with 
an appropriate prescription of PS§.

• This flow chart assumes natural 
dietary protein is reduced in 
increments of 20g, compensated  
for by 1 x sachet of TYR sphere20. 
If it is reduced by another amount, 
however, then the amount of  
TYR sphere20 prescribed should be 
adjusted accordingly. e.g. if natural 
dietary protein intake is reduced by 
30g, prescribe 1.5 x sachets of  
TYR sphere20. 

• All changes to natural dietary protein 
intake and prescription of PS§ are 
to be decided by the managing 
healthcare professional.

This stepwise approach aims to provide 
guidance on the introduction of TYR sphere20 
where commencement of a protein substitute 
(PS), as part of dietary management to reduce 
the intake of tyrosine and Phe to maintain 
plasma tyrosine concentrations within 
target range (as per local policy), has been 
recommended by the managing healthcare 
professional.

It can be used where the individual is new 
to the low protein diet and hasn’t taken a PS 
previously, or where the individual has been “off-
diet” (i.e. not following a low protein diet with or 
without PS to reduce tyrosine levels) and wishes 
to return to diet.

The level of tyrosine and Phe in TYR sphere20 
is not considered clinically significant and 
will not have an impact on metabolic control;  
blood tyrosine and Phe levels should, however, 
be monitored as deemed appropriate by the 
managing healthcare professional and in line 
with local policy.

Continue with existing diet and monitor blood tyrosine and 
Phe level ‡.

Existing diet may have been:

• unmodified at the previous step (no reduction in natural 
dietary protein or prescription of a PS§)

OR

• modified at the previous step to reduce blood tyrosine 
levels (a reduction in natural dietary protein and 
prescription of a PS§).
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Note:

If blood tyrosine and/or Phe levels are 
raised:

Check and address all other possible 
causes of high levels including; fever/
infection/ trauma, inadequate energy intake, 
excess natural protein intake, insufficient 
intake of PS, incorrect PS taken, hormonal 
fluctuations.

Reviewing the PS prescription:

When reviewing the PS prescription, 
take changes in nutritional requirements 
(e.g. due to pregnancy, puberty, hormonal 
changes, acute illness, prolonged infection, 
postoperative period, sarcopaenia) and 
possible causes of any weight loss  
(e.g. protein and/or energy deficit, a non-
dietary cause) into consideration.

Raised tyrosine level at baseline

Raised tyrosine level

• Reduce natural dietary protein intake to reduce tyrosine level 
(i.e. based on degree of tyrosine elevation).

• Prescribe a PS§ to compensate for reduction in protein and 
energy intake and to meet protein and energy requirements. 
e.g. if reduce natural protein intake by 20g, prescribe 1 x sachet 
of TYR sphere20*.

Check fasting blood tyrosine and Phe level‡.

 Check fasting blood tyrosine and Phe level‡

• Reduce natural dietary protein intake further to 
reduce tyrosine level (i.e. based on degree of tyrosine 
elevation).

• Prescribe a PS§ to compensate for further reduction 
in protein and energy intake, and to meet protein and 
energy requirements. e.g. If total reduction in natural 
dietary protein is now 40g, prescribe 2 x sachets of 
TYR sphere20.
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5.0 Clinical evaluation of TYR sphere(16)

A four-week acceptability study to evaluate TYR sphere in the dietary management of tyrosinaemia was carried out in 
2019/2020. The trial was designed to evaluate adherence, tolerance and metabolic control.

11 children from Birmingham Children’s Hospital with 
hereditary tyrosinaemia; all 11 were established on an 
AA-PS before the study.

Acceptability: 70% (n=9) of participants who were established on an AA-PS before the 
study said they preferred TYR sphere to their usual protein substitute.

73% (n=11) of all participants on the study, including both children from the Birmingham 
study and adults from the Liverpool study, said they wished to continue taking  
TYR sphere after the study; of those who were established on a protein substitute 
before the study, all were taking a liquid AA-PS. 

Post-study follow-up data demonstrated that these patients were still taking  
TYR sphere six months after the study had ended.

Metabolic control: Throughout the study period, metabolic control was maintained in 
all participants.

The study included two distinct groups of participants with tyrosinaemia:

Main study findings:

Four adults from the NAC in Liverpool with 
alkaptonuria; two were established on an AA-PS, 
while two had never taken a protein substitute 
before the study.

All four participants that had a history of gastrointestinal symptoms reported that these 
resolved whilst taking TYR sphere during the study period; two of these participants 
reported resolution of constipation. 
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Milk + rennet
Curds including 
para-k-casein

para-k-casein GMP

Cheese

Mixture of proteins

15-20% 
GMP

Patented fractionation  
process+.

GMP purification process
The purification process reduces the Phe 
level, however, all GMP based products 
on the market will contain some Phe and 
tyrosine.

80 - 85% other whey 
proteins including BLG* & 

ALA**

Coagulation stage
curds + whey

Whey fraction drained and 
separated including GMP 

Hydrolyses 
a peptide bond 

in kappa (k)-casein 
which creates 
para-k-casein 

and GMP.

For GMP to be suitable for use 
in the dietary management of 
PKU and tyrosinaemia it must 

be isolated from the whey 
fraction and further purified.

*BLG = beta-lactoglobulin  

**ALA = alpha-lactalbumin

+ The patent for this process is held by the manufacturer of GMP.

The cheese making process

GMP Isolation process
During this isolation process, small 

amounts of other whey proteins that 
contain phenylalanine and tyrosine 

become present 
in GMP1

Isolated unmodified GMP

7.0 Appendices

Appendix I - Isolation of GMP through the cheese-making process
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7.0 Appendices

Appendix II - Summary of references related to GMP potential benefits

Ney et al 20142, van Calcar et al. 20093, Ahring et al. 20184 , Daly et al. 20195

Increased efficacy of protein utilisation / improved nitrogen retention 

Solverson et al. 20126

Improved long term bone health

Lim et al. 20077, van Calcar et al. 20093, Ney et al. 20168, Zaki et al. 20169, Daly et al. 201710

Better palatability

Wilson 202111, White et al. 201012, Aimutis 200413, Brody 200014, Tiele et al. 201915

Oral health 

potential GMP benefits researched in PKU

Brody 200014, Chen et al. 201216, Sawin et al. 201517, Ntemiri et al. 201718

Prebiotic effect

Burton-Freeman et al. 200829, Macleod et al. 201030, Ney et al. 20168, Zaki et al. 20169, Daly et al. 202031

Improved satiety 

Jia et al. 201119, Sprong et al. 201020, Requena et al. 200821, Wang et al. 201222, Daddaoua et al. 200523, Hvas et al. 201624, Solverson et al 20126

Anti-inflammatory effect

Xu et al. 201332, Royle et al. 200833

Role in weight management

Kawasaki et al. 199225, Nakajima et al. 200526, Hermes et al. 201327, Dziuba et al. 199628

Sawin et al. 201517

Binds to enterotoxins & inhibits bacterial and viral adhesion 

Gastrointestinal (GI) tolerance: Improved GI symptoms have been linked to  
GMP-based protein substitutes. 

Kelleher et al. 200334

Improvement of zinc absorption

Wang et al. 200735

Stimulation of brain development

Other potential GMP related benefits
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